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VICTORIA  R 

IDiCtOria,  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great 
Britain  and  Ireland  Queen,  Defender  of  the  Faith  :  To  Our  Right  Trupty 
and  Right  Well-beloved  Cousin,  Walter-  Stafford,  Earl  of  Iddesleigh, 
Companion  of  Our  Most  Honourable  Order  of  the  Bath ;  Our  Trusty 
and  WeU-beloved  Sir  Richard  Thorne  Thome,  Knight  Commander  of  Our 
Most  Honourable  Order  of  the  Bath,  Medical  Officer  of  the  Local 
Government  Board;  Our  Trusty  and  WeU-beloved  Constantino  Phipps 
Carey,  Esquire,  Lieutenant-Colonel  and  Honorary  Major-General  on  the 
Retired  List  of  Our  Army  ;  Our  Trusty  and  WeU-beloved  Charles  PhUip 
Cotton,  Esquire;  Our  Trusty  and  WeU-beloved  Michael  Foster,  Esquire, 
Master  of  Arts,  Professor  of  Physiology  in  Our  University  of  Cambridge ; 
Oiu*  Trusty  and  WeU-beloved  Thomas  Walter  Harding,  Esquire,  Retired 
Lieutenant- Colonel  of  Our  Auxiliary  Forces,  with  Honorary  Rank  of 
Colonel ;  Our  Trusty  and  WeU-beloved  Thomas  WiUiam  KiUick,  Esquire  ; 
Our  Trusty  and  WeU-beloved  William  Ramsay,  Esquire,  Professor  of 
Chemistry,  University  College,  London  ;  and  Our  Trusty  and  WeU- 
beloved  James  Bum  Russell,  Esquire,  Doctor  of  Medicine,  Master  of 
Surgery  :    Greeting  I 

TRUbcrcad  We  have  deemed  it  expedient  that  a  Commission  should 
forthwith  issue  to  inquire  and  report : 

1.  (1)  What  method  or  methods  of  treating  and  disposing  of 
sewage  (including  any  liquid  from  any  factory,  or  manufacturing 
process)  may  properly  be  adopted,  consistently  with  due  regard 
for  the  requirements  of  the  existing  law,  for  the  protection  of  the 
public  health,  and  for  the  economical  and  efficient  discharge  of 
the  duties  of  local  authorities  ;  and 

(2)  If  more  than  one  method  may  be  so  adopted,  by  what 
rules,  in  relation  to  the  nature  or  volume  of  sewage,  or  the 
population  to  be  served,  or  other  varying  circumstances  or 
requirements,  should  the  particular  method  of  treatment  and 
disposal  to  be  adopted  be  determined  ;  and 

2.  To  make  any  recommendations  which  may  be  deemed  desirable 
with  reference  to  the  treatment  and  disposal  of  sewage  ; 

How  ftnOW  ^Cf  that  We,  reposing  great  trust  and  confidence  in  your 
knowledge  and  ability,  have  authorised  and  appointed,  and  do  by  these 
Presents  authorise  and  appoint,  you,  the  said  Walter  Stafford,  Earl  of 
Iddesleigh,  Sir  Richard  Thorne  Thome,  *  Constantino  Phipps  Carey,  Charles 
PhiUp  Cotton,  Michael  Foster,  Thomas  Walter  Harding,  Thomas  WiUiam 
KiUick,  WiUiam  Ramsay,  and  James  Burn  Russell  to  be  Our  Com- 
missioners for  the  purposes  of  the  said  Inquiry. 

Hnbt  ^^^  ^be  better  effecting  the  purposes  of  this,  Our  Commission,  We 
do  by  these  Presents  give  and  grant  unto  you,  or  any  three  or  more  of  you, 
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full  power  to  call  before  you  such  persons  as  you  shall  judge  likely  to  afford 
you  any  information  upon  the  subject  of  this  Our  Commission  ;  and  also  to 
call  for,  have  access  to,  and  examine,  all  such  books,  documents,  registers, 
and  records  as  may  afford  you  the  fullest  information  on  the  subject,  and  to 
inquire  of  and  concerning  the  premises  by  all  other  lavirful  vrays  and  means 
vrhatsoever. 

Hnb  We  do  by  these  Presents  authorise  and  empovs^er  you,  or  any  three 
or  more  of  you,  to  visit  and  personally  inspect  such  places  as  you  may  deem 
it  expedient  so  to  inspect  for  the  more  effectual  carrying  out  of  the  purposes 
aforesaid. 

Hnb  We  do  further  by  these  Presents  will  and  ordain  that  this  Our 
Commission  shall  continue  in  full  force  and  virtue,  and  that  you,  Our 
said  Commissioners,  or  any  three  or  more  of  you,  may  from  time  to  time 
proceed  in  the  execution  thereof,  and  of  every  matter  and  thing  therein 
contained,  although  the  same  be  not  continued  from  time  to  time  by 
adjournment. 

Bnb  We  do  fiuther  ordain  that  you,  or  any  three  or  more  of  you,  have 
liberty  to  report  your  proceedings  under  this  Our  Commission  from  time  to 
time,  if  you  shall  judge  it  expedient  so  to  do. 

Hnb  Our  further  ^/'ill  and  Pleasure  is  that  you  do,  with  as  little  delay 
as  possible,  report  to  Us  under  your  hands  and  seals,  or  under  the  hands 
and  seals  of  any  three  or  more  of  you,  your  opinion  upon  the  matters 
herein  submitted  for  your  consideration. 

Hnb  for  the  purpose  of  aiding  you  in  such  matters,  We  hereby  appoint 
Our  Trusty  and  Well-beloved  Frederick  James  Willis,  Esquire,  to  be 
Secretary  to  this  Our  Commission. 

Given  at  Om*  Court  at  Saint  James's,  the 
Seventh  day  of  May,  One  thousand  eight 
hundred  and  ninety  -  eight,  in  the  Sixty -first 
Year  of  Our  Reign. 

By  Her  Majesty's  Command, 

(Signed)        M.  W.  Ridley. 


William  Henry  Power,  Esq.,  f.e.8., 
To  be  a  Member  of  the  Royal  Commission  on  Sewage  Disposal. 

VICTORIA,  R 

IDiCtOjria,  by  the  Grace  of  God,  of  the  United  Kingdom  of  Great  Britain 
And  Ireland,  Queen,  Defender  of  the  Faith  :  To  Our  Right  Trusty  and 
Well-beloved  William  Henry  Power,  Esquire,  Fellow  of  the  Royal  Society, 
Medical  Officer  of  the  Local  Government  Board :  Greeting ! 


TRnbCrC&d  We  did,  by  Warrant  under  Our  Royal  Sign  Manual,  bearing 
date  the  Seventh  day  of  May,  One  thousand  eight  hundred  and  ninety- 
eight,  appoint  Our  Right  Trusty  and  Right  Well-beloved  cousin  Walter 
Stafford,  Earl  of  Iddesleigh,  Companion  of  Our  Most  Honourable  Order 
of  the  Bath,  together  with  the  several  Gentlemen  therein  mentioned,  or 
any  three  or  more  of  them,  to  inquire  into  the  treatment  and  disposal 
of  sewage. 

Hnb  IKIlbCrC&d  One  of  the  Commissioners  so  appointed,  namely,  Sir 
Richard  Thome  Thorne,  has  since  deceased. 

*KOW  hnOW  1?C,  that  We,  reposing  great  confidence  in  you,  do,  by 
these  presents,  appoint  you,  the  said  William  Henry  Power,  to  be  one 
of  Our  Commissioners  for  the  purpose  aforesaid,  in  the  room  of  the  said 
Sir  Richard  Thorne  Thorne,  deceased,  in  addition  to,  and  together  with, 
the  other  Commissioners  whom  we  have  already  appointed. 

■ 

Given  at  our  Court,  at  Saint  James's,  the 
Seventh  day  of  February,  One  thousand  nine 
hundred,  in  the  Sixty-third  Year  of  Our 
Reign. 

By  Her  Majesty's  Command, 

(Signed)        M.  W.  Ridley. 


Whitehall,  March  18th,  1901. 

The  King  has  been  pleased  to  issue  a  Commission,  under  His  Majesty's 

Royal  Sign  Manual,  to  the  following  eflFect : — 

EDWARD,  R. 

lEbWarb  tbC  SCVCntb,  by  the  Grace  of  God,  of  the  United  Kingdom 
of  Great  Britain  and  Ireland  King,  Defender  of  the  Faith,  to  all  to  whom 
these  Presents  shall  come,  Greeting! 

TKUbCtCad  it  pleased  Her  late  Majesty  from  time  to  time  to  issue  Royri 
<  commissions  of  Inquiry  for  various  purposes  therein  specified : 

Hub  CXHbcrcaS  in  the  case  of  certain  of  these  Commissions,  namely, 
those  known  as — 

The  Historical  Manuscripts  Commission; 
The  Horse  Breeding  Commission; 
The  Local  Taxation  Commission  ; 
The  Port  of  London  Commission ; 
The  Salmon  Fisheries  Commission;  and 
The  Sewage  Disposal  Commission ; 

the  Commissioners  appointed  by  Her  late  Majesty,  or  such  of  them  as 
were  then  acting  as  Commissioners,  were,  at  the  late  demise  of  the  Crown, 
still  engaged  upon  the  business  entrusted  to  them  : 


VI 

Hnb  WbCrcaS  We  deem  it  expedient  that  the  said  Commissioners 
should  continue  their  labours  in  connection  with  the  said  inquiries  notwith- 
standing the  late  demise  of  the  Crown  : 

• 

*K0W  ItnOW  1?C,  that  We,  reposing  great  trust  and  confidence  in  the 
zeal,  discretion,  and  ability  of  the  present  members  of  each  of  the  said 
Commissions,  do  by  these  Presents  authorize  them  to  continue  their 
labours,  and  do  hereby  in  every  essential  particular  ratify  and  confirm 
the  terms  of  the  said  several  Commissions. 

Hnb  We  do  further  ordain  that  the  said  Commissioners  do  report  to 
Us  under  their  hands  and  seals,  or  under  the  hands  and  seals  of  such  of 
their  number  as  may  be  specified  in  the  said  Commissions  respectively, 
their  opinion  upon  the  matters  presented  for  their  consideration ;  and 
that  any  proceedings  which  they  or  any  of  them  may  have  taken  under 
and  in  pursuance  of  the  said  Commissions  since  the  late  demise  of  the 
Crown,  and  before  the  issue  of  these  Presents  shall  be  deemed  and 
adjudged  to  have  been  taken  under  and  in  virtue  of  this  Our  Com- 
mission. 

Given  at  Our  Court  at  Saint  James's,  the 
fourth  day  of  March,  One  thousand  nine 
hundred  and  one,  in  the  First  Year  of  Our 
Reign. 

By  His  Majesty's  Command, 

(Signed)        Chas.  T.  Ritchie. 


INTERIM    REPORT. 


TO  THE  KING^S   MOST  EXCELLENT  MAJESTY. 

May  IT  PLEASE  Your  Majesty, 

We,  the  Commissioners  appointed  to  inquire  and  report : — 

I.  (1)  What  method  or  methods  of  treating  and  disposing  of  sewage  (including 
any  liquid  from  any  factory  or  manufacturing  process)  may  properly  be  adopted, 
consistently  with  due  regard  for  the  requirements  of  the  existing  law,  for  the 
protection  of  public  health,  and  for  the  economical  and  efficient  discharge  of  the 
duties  of  Local  Authorities ;  and 

(2)  If  more  than  one  method  may  be  so  adopted,  by  what  rules,  in  relation  to 
the  nature  or  volume  of  sewage,  or  the  population  to  be  served,  or  other  varying 
circumstances  or  requirements,  should  the  particular  method  of  treatment  and 
disposal  to  be  adopted  be  determined  ;  and 

II.  To  make  any  recommendations  which  may  be  deemed  desirable  with 
reference  to  the  treatment  and  disposal  of  sewage. 

Humbly  report,  as  follows  : — 

Preliminary. 

1.  We  have  examined  a  large  number  of  witnesses,  and  visited  many  sewage 
works  of  various  kinds.  We  have  also  instituted  through  our  own  officers  a  number 
of  necessary  scientific  investigations. 

2.  Many  of  these  investigations  are  still  in  progress,  and  considerable  time  must 
necessarily  be  taken  by  the  work  which  still  remains  to  be  done,  and  especially  by 
such  work  as  is  needed  before  the  second  part  of  the  Terms  of  Reference  can  be 
adequately  dealt  with. 

3.  We  have,  however,  arrived  at  conclusions  on  three  questions  which  appear,  for 
reasons  hereafter  given,  to  be  of  urgent  importance  and  we  have  therefore  deemed  it 
desirable  to  make  a  preliminary  report  and  to  publish  the  evidence  already  taken. 

The  three  questions  are  : — 

(1)  Are  some  sorts  of  land  unsuitable  for  the  purification  of  sewage. 

(2)  Is  it  practicable  imiformly  to  produce  by  artificial  processes   alone   an 

effluent  which  shall  not  putrefy,  and  so  create  a  nuisance  in  the  stream 
into  which  it  is  discharged. 

(3)  What  means  should  be  adopted  for  securing  the  better  protection  of  our 

rivers. 

•  « 

4.  Mr.  Alfred  Douglas  Adrian,  o.b.,  who,  as  Assistant  Secretary  of  the  Local  Concluaions 
Government  Board,  had  charge  for  some  years  of  the  department  concerned  with  of  previous 
questions  of  sewerage  and  sewage  disposal,  was  the  first  witness  whom  we  examined.  Commis- 

His  evidence  contains  a  most  valuable  historical  statement  of  the  subject  of  ®^""®- 
sewage  disposal,   of  the  law  on  the   subject,   and   of  the  practice   of  the  Local 
Government  Board  in  regard  to  this  matter. 

5.  The  first  Sewage  Conmiission  was  appointed  in  the  year  1857.  In  1865,  as  Adrian,  35. 
a  result  of  labours  extending  over  eight  years,  they  reported  that : — 

"  The  right  way  to  dispose  of  town  sewage  is  to  apply  it  continuously  to  land,  Adrian,  52. 
and  it  is  only  by  such  application  that  the  pollution  of  rivers  can  be  avoided." 
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Adrian,  56.  6.  In  1868,  a  further  Commission  was  appointed  to  inquire  into  the  best  means 

of  preventing  the  pollution  of  rivers.     They  made  several  reports,  the  fifth  and  last 
being  made  m  1874. 

The  opinion  of  this  Commission  on  the  comparative  merits  jof  the  three  classes 
Adrian,  61.  of  processes  for  the  treatment  of  sewage,  viz.  : — chemical  precipitation,  intermittent 
filtration,  and  broad  irrigation,  may  be  stated  thus  : — (1)  All  these  processes  are  to  a 
great  extent  successful  in  removing  polluting  organic  matter  in  suspension.  But 
intermittent  filtration  is  best,  broad  irrigation  l^nks  next,  and  the  chemical 
precipitation  processes  are  less  efficient.  (2)  But  for  removing  organic  matters  in 
solution  the  processes  of  downward  intermittent  filtration  and  broad  irrigation  are 
greatly  superior  to  upward  filtration  and  chemical  processes. 

7.  The  last  Commission  was  appointed  in  1882.     They  were  directed  to  inquire 
into  and  report  upon  the  system  under  which  sewage  was  discharged  into  the  Thames 
Adrian,  71.  by  the  Metropolitan  Board  of  Works,  whether  any  evil  eflFects  resulted  therefrom^ 
and,  if  so,  what  measures  could  be  applied  for  remedying  or  preventing  the  same. 

In  November  1884  they  issued  their  final  Report.  They  found  that  evils  did 
exist  "  imperatively  demanding  a  prompt  remedy,"  and  that  by  chemical  precipitation 
a  certain  part  of  the  organic  matter  of  the  sewage  would  be  removed.  They  reported^ 
Adrian,  74.  however,  **  that  the  liquid  so  separated  would  not  be  sufficiently  free  from  noxious 
matters  to  allow  of  its  being  discharged  at  the  present  outfalls  as  a  permanent 
measure.  It  would  require  fiirther  purification,  and  this,  according  to  the  present 
state  of  knowledge  can  only  be  done  .efiectually  by  its  application  to  land." 

Practice  of  Local  Government  Board. 

Adrian,  107.  8.  Since  the  publication  of  the  last-mentioned  Report  it  has  been  the  practice  of 
the  Local  Government  Board  to  require,  save  in  exceptional  cases,  that  "  any  scheme 
of  sewage  disposal,  for  which  money  is  to  be  borrowed  with  their  sanction,  should 
provide  for  the  application  of  the  sewage  or  effluent  to  an  adequate  area  of  suitable 
land  before  its  discharge  into  a  stream."  There  can  be  no  doubt,  in  our  opinion, 
that  the  Local  Government  Board  were  bound,  under  the  circumstances,  to  insist 
upon  such  a  rule. 

Reasons  for  Reconsidering  Position. 

Tatton  261  ®'  ^*  ^^  ^^^  contended  that  in  many  cases,  especially  in  the  great  centres  of 

284,  402-4,'  manufacturing  industry,  the  land  available  is  either  of  unsuitable  quality,  is  available 
6632.  in  quite  inadequate  area  for  eflFective  filtration  through  the  soil,  or  is  obtainable 

Naylor,93l.  Qjjy  g^i  ^  prohibitive  cost,  and  it  is  suggested  that  sewage  purification  may,  in  such 
4028**^'  cases,  be  carried  out  on  comparatively  small  areas  artificially  prepared.  During  recent 
Maclean  years  a  variety  of  artificial  processes,  diflFering  from  those  which  were  considered  by 
Wilson,  the  earlier  Commissions,  have  been  elaborated  for  treating  sewage,  and  it  is  urged 
6138-9.       that  satisfactory  effluents  can  be  obtained  by  such  artificial  processes. 

Scope  of  Work  of  this  Commission. 

10.  Having  regard  to  the  definite  findings  of  previous  Commissions,  to  the 
consequent  practice  of  the  Local  Government  Boardjin  insisting  on  the  provision  of  land 
for  the  purification  of  sewage,  and  to  the  fact  that  the  artificial  processes  are  still 
only  in  the  experimental  stage  and,  as  might  be  expected  therefore,  the  evidence  in 
regard  to  them  is  inconclusive  on  many  points,  it  has  appeared  to  us  essential  to 
subject  the  artificial  processes  to  sustained  examination,  and  also  carefully  to  test  the 
contention  that  in  certain  cases  it  is  not  practicable  to  purify  sewage  by  land 
treatment. 

11.  At  the  time  of  the  investigations  of  the  earlier  Commissions,  the  science  of 
bacteriology  was  in  its  infancy,  and  these  Commissions  confined  themselves  almost 
entirely  to  a  chemical  examination  of  sewage  effluents.  Since  the  dates  of  those 
Commissions  a  large  amount  of  exact  knowledge  has  been  gained  concerning  the 

Eart  played  by  bacteria  in  various  processes  of  nature  and  operations  of  man,  and  it 
ecame  our  duty  to  study  the  various  questions  connected  with  sewage  disposal,  not 


HfiPOttt.  IX 

Only  from  a  chemical  but  from  a  bacteriological  point  of  view  as  well.  This  has 
lai^ely  increased  om*  labours,  but  we  trust  will  also  largely  increase  their  usefulness. 
We  have  had  to  initiate  and  carry  out  various  bacteriological  investigations,  and,  in 
particular,  finding  that  the  work  done  by  earlier  Commissions  in  regard  to  land 
treatment  was  not  complete  enough  for  our  purposes,  we  have  thought  it  necessary 
to  include  in  our  work  a  systematic  investigation,  bacteriological  as  well  as  chemical, 
of  the  treatment  of  sewage  on  land  of  various  kinds.  This  investigation  is  on  the 
point  of  completion.  ^r ::  ^ 

12.  For  the  purpose  of  our  own  work  we  appointed  the  following  officers  : —         Officers 

appointed. 

Professor  Boyce,  Bacteriologist. 

Dr.  Houston,  Bacteriologist.  , 

Dr.  McGrowan,  Chemist. 

Mr.  Colin  Frye,  Chemist. 

Mr.  G.  B.  Kershaw,  Engineer. 

Question  I.  : — ^Are  some  sorts  of  Land  Unsuitable  for  the  Purification 

OF  Sewage. 

13.  As  regards  the  allegations  that  certain  sorts  of  land  are  so  unsuitable  as  to  Conclusions 
render  them  practically  useless  for  the  purification  of  sewage,  we  have  received  evidence  »» ^  certjun 
from  a  number  of  witnesses  who  have  had  much   experience  of  sewage  treatment.  J^^j  ^ 
Almost  without  exception  their  testimony  is  to  the  eflFect  that  peat  and  stiff  clay  lands 

are  unsuitable  for  the  pimfication  of  sewage. 

14.  Qui'  own  officers  have  made  a  lai'ge  number  of  analyses  of  effluents  from 
well-managed  farms  with  different  classes  of  soil,  and  their  results  support  this 
general  opinion. 

CONCLUSION  1. 

ft 

15.  We  doubt  if  any  land  is  entirely  useless,  but  in  the  case  of  stiff  clay  and  peat 
lands  the  power  to  purify  sewage  seems  to  depend  on  the  depth  of  the  top  soil. 

There  are,  of  course,  numerous  gradations  in  the  depths  of  top  soil  which  are 
met  with  in  nature,  and  it  is  not  easy  to  draw  the  line  between  lands  which  contain 
a  sufficient  depth  to  justify  their  use,  and  lands  which  do  not. 

We  are,  however,  forced  to  conclude  that  peat  and  stiflF  clay  lands  are 
generally  unsuitable  for  the  purification  of  sewage,  that  their  use  for  this  purpose  is 
always  attended  with  difficulty,  and  that  where  the  depth  of  top  soil  is  very  small,  say 
six  inches  or  less,  the  area  of  such  lands  which  would  be  required  for  efficient 
purification  would  in  certain  cases  be  so  great  as  to  render  land  treatment 
impracticable. 

Further  information  with  regard  to  this  point  will  be  available  when  our 
investigation  of  Land  Treatment  is  completed. 

Question  II. : — Is  it  practicable  uniformly  to  Produce  by  Artificial  Processes    ' 
ALONE  AN  Effluent  which  shall  not  Putrefy  and   so   Create  a  Nuisance 
in  the  Stream  into  which  it  is  Discharged. 

16.  The  following  general  classification  will  serve  to  show  the  nature   of  the  Purifica 
artificial  processes  to  which  we  refer : —  ^^on  obtain- 

^  able  by 

Closed  septic  tank  and  contact  beds.  artificial 

Open  septic  tank  and  contact  beds.  processes. 

*Chemical  treatment,  subsidence  tanks,  and  contact  beds. 
Subsidence  tanks  and  contact  beds. 
Contact  beds  alone. 

Closed  septic  tank  followed  by  continuous  filtration. 
Open  septic  tank  followed  by  continuous  filtration. 
Chemical  treatment,  subsidence  tanks,  and  continuous  filtration. 
Subsidence  tanks  followed  by  continuous  filtration 
Continuous  filtration  alone. 


*  The  expression  "  subsidence  tanks  "  is  intended  to  denote  tanks  which  are  used  in  such  way  that 
little  or  nc  "  septic  "  action  is  produced. 
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17.  Many  valuable  experiments  on  ai'titicial  treatment  have  been  made  by  a 
number  of  local  authorities,  and  in  particular  the  Corporations  of  Leeds  and 
Manchester  have  subjected  certain  processes  to  sustained  observation.  In  this  way 
much  reliable  information  has  been  obtained. 

18.  We  are  not,  however,  in  a  position  to  express  an  opinion  upon  the  relative 
merits  of  the  several  artificial  processes,  nor  can  we  at  present  make  a  complete 
comparison  between  land  treatment  and  artificial  treatment  of  sewage,  or  state  how 
far  purification  of  sewage  can  be  uniformly  effected  by  one  or  another  artificial 
process,  and  at  what  cost  as  compared  with  land  treatment. 

The  character  of  the  sewage  of  different  towns  varies  to  a  considerable  extent, 
especially  in  respect  to  the  amount  and  nature  of  the  trade  refuse  mixed  with  the 
domestic  sewage,  but  also  in  respect  to  domestic  sewage  itself;  and  a  method 
applicable  to  one  sewage  might  not  be  applicable  to  another.  The  problems  involved 
in  the  matter  are  so  many  and  so  varied  that  only  investigation,  and,  we  may  add, 
experience  of  a  prolonged  and  varied  character,  will  suffice  to  solve  them. 


CONCLUSION  2. 

19.  After  carefully  considering,  however,  the  whole  of  the  evidence,  together 
with  the  results  of  our  own  work,  we  are  satisfied  that  it  is  practicable  to  produce  by 
artificial  processes  alone  either  from  sewage,  or  from  certain  mixtures  of  sewage  and 
trade  refuse  such,  for  example,  as  are  met  with  at  Leeds  and  Manchester,  effluents 
which  will  not  putrefy,  which  would  be  classed  as  good  according  to  ordinary 
chemical  standards,  and  which  might  be  discharged  into  a  stream  without  fear  of 
creating  a  nuisance. 

We  think,  therefore,  that  there  are  cases  in  which  the  Local  Government  Board 
would  be  justified  in  modifying,  under  proper  safeguards,  the  present  rule  as  regards 
the  application  of  sewage  to  land. 

No  general  iTile  as  to  what  these  safeguards  should  be  can  be  laid  down  at 
present,  and  indeed  it  will,  probably,  always  be  necessary  that  each  case  should  be 
considered  on  its  own  merits. 


Thomson, 

1392. 

Adeney, 

2445-6. 

Marshall 

Ward, 

2653-5  ; 

2727-2748. 

Woodhead, 

2988. 

Frankland, 

3043-8. 

Roscoe, 

3653-5 ; 

3662. 

Barwise, 

4041. 

Rideal, 

4406. 

Thresh, 

8956-7. 


Bacteriological  Qualities  of  Effluents,     Sewage  Effluents  in  Relation 

TO  Disease. 

20.As  we  have  already  said  sewage  effluents  must,  in  accordance  with  present 
knowledge,  be  judged  not  only  from  a  chemical  but  also  from  a  bacteriological  point 
of  view.  In  order  to  safeguard  public  health,  it  is,  in  certain  cases  at  any  rate,  not 
enough  to  know  the  chemical  features  of  an  effluent  and  to  ascertain  that  it  will  not 
putrefy  of  itself,  we  must  know  the  bacteriological  features  as  well. 

21.  Several  witnesses  have  referred  to  the  danger  of  allowing  pathogenic 
organisms  to  enter  streams  which  are  used  for  drinking  purposes,  and  our  own 
officers  are  carrying  out  careful  prolonged  investigations  on  this  matter. 

We  are  impressed  with  the  great  importance  of  the  bacteriological  questions 
which  have  arisen  in  the  course  of  our  Inquiry,  but  we  do  not,  at  present,  feel  justified 
in  putting  forward  any  conclusions  concerning  them. 

We  may,  however,  even  at  this  stage  point  out,  that  as  a  result  of  a  large  number 
of  examinations  of  effluents  from  sewage  farms  and  from  artificial  processes  we  find 
that  while  in  the  case  of  effluents  from  land  of  a  kind  suitable  for  the  purification  of 
sewage  there  are  fewer  micro-organisms  than  in  the  effluents  from  most  artificial 
processes,  yet  both  classes  of  effluents  usually  contain  large  numbers  of  organisms, 
many  of  which  appear  to  be  of  intestinal  derivation,  and  some  of  which  are  of  a  kind 
liable,  under  certain  circumstances  at  least,  to  give  rise  to  disease. 

We  are  of  opinion,  therefore,  that  such  effluents  must  be  regarded  as  potentially 
dangerous,  and  we  are  considering  whether  means  are  available  and  practicable  for 
eliminating  or  destroying  such  organisms,  or,  at  least,  those  giving  rise  to  infectious 
diseases. 
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Question  III. : — What  means  should  be  adopted  for  securing  the  better 

Protection  of  our  Rivers. 

22.  From  the  evidence  which  we  have  received,  from  our  own  observation,  and  from  Protection 
infonnation  collected  for  us  by  the  Local  Government  Board  for  Scotland,  we  are  of  rivers, 
satisfied  that  the  Rivers  Pollution  Prevention  Act,  1876,  has  not  resulted  in  the  general  Curjihey, 
purification  of  our  rivers.  F^^^kl    d 

, .    .  3010. 

23.  This  is  due  largely  to  the  reluctance  of  the  authorities  tcx  put  the  Act  in  Tatton  254. 
force,  but  partly  also  to  the   difficulty  which   a  sanitary  authority  experiences  inCurphey 
proving  that  the  pollution  within  its  district  comes  from  the  district  against  which,  1^08; 

or  the  person  against  whom,  action  is  taken.     An  authority  wishing  uniformly  to  i?^^"^' 
enforce  the  Act  in  its  own  district  has  no  security  that  the  authorities  above  and  3753  ' 
below  it  on  the  stream  will  do  the  same,  and  it  is  therefore  naturally  disinclined  to 
take  action. 

24.  The  Local  Government  Act,  1888,  Section  14  (l)and  the  Local  Government 
(Scotland)  Act,  1889,  Section  55  (1),  give  to  County  Councils  of  England  and  Wales 
and  Scotland  **  power  in  addition  to  any  other  authority  to  enforce  the  provisions  of 
tlie  Rivers  Pollution  Prevention  Act,  1876,  in  relation  to  so  much  of  any  stream 
as  is  situate  within  or  passes  through  or  by  any  part  of  their  county." 

25.  This  concurrent  power  of  the  County  Council  does  away  with  the  difficulty 
of  proving  pollution  within  a  district  from  a  source  within  the  area  of  the  county, 
though  outside  the  district,  and  it  should  insure  equal  and  fair  treatment  for  all 
authorities  and  persons  within  the  county.  Several  coimty  councils  are  putting  the 
Act  into  operation  and  are  making  good  progress. 

26.  Section  14  (3)  of  the  Act  of  1888  provides  that  *'  The  Local  Government  Board 
by  Provisional  Order  made  on  the  application  of  the  council  of  any  of  the  counties 
concerned  may  constitute  a  Joint  Committee  or  other  body  representing  all  the 
administrative  counties  through  oi*  by  which  a  river,  or  any  specified  portion  of  a 
river,  or  any  tributary  thereof  passes,  and  may  confer  on  such  committee  or  body  all 
the  powers  of  a  sanitary  authority  under  the  Rivers  Pollution  Prevention  Act,  1876, 
or  such  of  them  as  may  be  specified  in  the  Order,"  and  similar  powers  are  conferred 
on  the  Secretary  for  Scotland  by  Section  55  (3)  of  the  Local  Government  (Scotland) 
Act,  1889. 

27.  Under  the   Local   Government  Act,  1888,   the   Mersey  and   Irwell  Joint  Tatton,  256 
Conunittee,  the  Ribble  Joint  Committee,  and  the  West  Riding  Rivers  Board  have  been  fq^^^^i*.  q 
constituted.     The  evidence  shows  that  these  bodies  have  done  much  useful  work  in  Baylor  845 
enforcing  the  treatment  of  sewage  and  trade  refuse,  and  that  it  is  of  considerable  Maclean 
importance  to  have  for  each  watershed  a  single  authority.  Wilson, 

The  advantages  a  county  has  in  enforcing  the  Rivers  Pollution  Prevention  1175-6 
Act,  1876,  are  also  possessed  by  a  Joint  Committee  of  more  than  one  county,  and  are  3554^' 
increased  in  proportion  to  the  wider  area.  Hibbert, 

7885-7. 

28.  But  those  councils  or  committees  of  more  than  one  county  who  are  enforcing  Tatton,  273. 
the  Act  feel  the  injustice  of  compelling  their  authorities  and  manufacturers  to  purify 

their  eflBuents,  whilst  in  other  parts  of  the  country  and  over  wide  areas  little  or 
nothing  is  being  done. 

29.  Previous  Commissions  have  referred  to  the  necessity  of  setting  up  water- 
shed boards,  and  otherwise  strengthening  the  machinery  for  the  protection  of  our 
rivers,  as  the  following  extracts  will  show  :: — 

Extracts  from  Second  Report  of  the  Commission  appointed  in  1857  to  inquire  into 

the  best  mode  of  distributing  the  sewage  of  towns. 

"  We   have  now  to  urge,  as  the  first  and  all-important  step  towards  seeuring  this  object  and  the  Pacre  9, 
'*  permament  improvement  and  protection  of  the  rivers  of  the  country,  that  a  general  local  jurisdiction  and 
'*  conservancy  be  created  throughout  the  kingdom,  with  adequate  powers  ana  proper  guarantees  for  their 
**  due  administration.'' 

*  ♦  ♦  *  »  #  * 

"  The  abuses  and  nuisances  which  have  now  grown  up  with  t^e  growth  of  towns  and  manufactures 
urgently  demand  some  available  law  for  the  conservancy  of  rivers,  from  their  sources  to  their  outfalls/' 

♦  *♦♦♦♦ 
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Page  40.  "  Having  now  fully  stated  our  conclusions  as  to  the  means  of  disposing  of  the  sewage  of  towns,  and 

^^  shown  that  the  remedies  for  the  evils  which  are  experienced,  although  various,  are  both  practicable  and 
'^  economical,  we  beg  to  repeat  our  conviction  that  the  only  security  for  a  general  and  continued  employment 
^^  of  such  means  will  be  the  establishment  of  responsible  conservancies  throughout  the  country,  armed  with 
"  adequate  powers." 

Extracts  from  First  Report  of  the  Commissioners  appointed  in  1865  to  inquire 

into  the  best  means  of  preventing  the  Pollution  of  Rivers. 

Page  32.  "  We  also  humbly  submit  the  following  Recommendations  to  Your  Majesty  : — 

"  That  the  whole  river  be  placed  under  the  superintendence  of  one  governing  body." 

"  That  it  be  made  incumbent  upon  the  Conserv'ators  to  see  to  the  enforcement  of  the  above  prohibitions 
"  against  pollution  of  the  river.  ..."  '      ^ 


Extracts  from  Third  Report  of  the  Commissioners  appointed  in  1865  to  inquire 

into  the  best  means  of  preventing  the  Pollution  of  Rivers. 

Page  53.  '*  Where  manufactures  have  been  established  and  a  large  resident  population  has  grown  up  as  before 

"  stated,  the  greatest  amount  of  pollution  takes  place,  the  area  of  country  over  which  such  form  of  nuisance 
^^  is  spread  having  no  defined  boundary  other  than  the  dividing  ridges  of  such  watershed  and  the  shores  of 
"  the  sea.  In  order  to  prevent  the  Pollution*  and  legally  control  the  Management  of  rivers,  their  basins  or 
"  watersheds  must  be  placed  unddr  supervision,  irrespective  of  any  arbitrary  divisions  of  County,  Parish, 
"  Township,  Parliamentary,  Municipal,  or  Local  Government  Act  boundaries ;  or,  indeed,  of  any  artificially 
"  established  division.  Running  waters  flow  on  from  their  source  to  the  sea,  and  if  the  upland  waters  are 
"  polluted  by  town  sewage  and  by  refuse  discharged  from  manufactures,  as  in  the  West  Riding  of  Yorkshire, 
"  the  entire  length  of  a  river  is  necessarily  polluted,  and  will  require  to  be  Conserved  or  protected." 

Page  54.  "  One  conclusion,  therefore,  forces  itself  upon  anyone  who  honestly  deliberates  upon  the  existing  state 

"  of  things  in  regard  tD  the  rivers  we  have  visited  with  a  view  to  its  permanent  improvement.  A  stronger 
"  power  than  has  hitherto  been  available  must  be  brought  to  bear  if  the  present  abuse  and  pollution  of 
"  streams  is  to  be  arrested,  and  Government  supervision  and  inspection  must  enforce  and  strengthen  the 
"  action  of  local  authorities." 

Extract  from  First  Report  of  the  Commissioners  appointed  in  1868  to  inquire  into 

the  best  means  of  Preventing  the  Pollution  of  Rivers. 

Separate  Conclusions  and  Recommendatwns  by  Major-General  Sir  William 

Denison,  k.c.b.,  Chah^man. 

Page  132.  "  The  evidence  we  have  had  of  the  total  disregard  of  mere  legal  enactments  which  tend  to  fetter  the 

"  actions  of  masses  of  people,  of  the  constant  evasions  of  obligations  imposed  by  law,  of  the  ineflSciency  of  the 
"  law,  even  when  means  have  been  found  to  bring  it  into  action,  to  enforce  the  adoption  of  any  special 
"  remedy  for  the  evils  complained  of,  has  satisfied  me  that  it  will  be  necessary  to  call  into  action  an  authority 
"  superior  to  all  those  local  municipalities,  embracing  in  its .  scope  the  whole  area  of  the  watershed  subdivided 
"  among  these  bodies,  and  to  confer  upon  such  authority  powers  differing  both  in  kind  and  degree  from  that 
,    "  exercised  by  ordinary  municipalities  or  conservancies." 

Extract  from  Third  Report  of  the  Commissioners  appointed  in  1868  to  inquire  into 

the  best  means  of  Preventing  the  Pollution  of  Rivers. 

"  Recommendations." 

Page  56.  "  3.  That  all  rivers  and  streams  in  England  be  placed  under  the  superintendence  of  a  central  authority 

"  or  board,  to  be  composed  of  not  more  than  three  persons,  who  shall  be  duly  qualified  to  deal  with  all  questions 
"  connected  with  the  pollution  of  water  and  with  water  supply. 

"  4.  That  it  be  the  duty  of  this  board  to  see  that  all  enactments  relating  to  the  use  or  abuse  of  running 
"  water  be  duly  enforced  ;  and  that  for  this  purpose  power  be  given  to  it  to  inspect  manufactories ;  reservoirs, 
**  sewerage,  and  other  similar  works;  and  to  cause  to  be  constructed,  at  the  expense  of  the  owners  of  the 
"  same,  whether  corporate  or  private,  any  necessary  purifying  apparatus,  in  case  the  said  owners  neglect  or 
"  refuse  to  provide  such  apparatus  for  themselves." 


CONCLUSION  3. 

30.  We  consider  it  of  the  utmost  importance  that  the  simplest  possible  means 
should  be  provided  for  adequately  protecting  all  our  rivers,  and  we  are  further  of 
opinion  that  it  will  be  desirable,  probably  for  some  time  to  come,  that  scientific 
experiments  should  be  carried  on  in  order  to  ascertain  all  the  real  dangers  of 
pollution,  against  which  they  should  be  protected. 


REPORT* 


XUl 


In  the  present  state  of  knowledge,  and  especially  of  bacteriology,  it  is  difficult 
to  estimate  these  dangers  with  any  accuracy,  and  it  seems  quite  possible  that 
they  should  be  either  exaggerated  or  imdervalued  according  to  the  predisposition  of 
those  who  have  to  deal  with  them.  An  authority,  guided  by  medical  considerations, 
might  not  unnaturally  be  inclined  to  insist  on  a  degree  of  purity  which  may 
ultimately  prove  in  certain  cases  to  be  imcalled  for,  while  another  authority,  with  its 
mind  fixed  upon  economy,  might  shrink  from  taking  essential  precautions. 

31.  It  is,  perhaps,  scarcely  for  us  to  say  what  arrangements  should  be  made,  but 
we  are  of  opinion  that  the  general  protection  of  our  rivers  is  a  matter  of  such  grave 
concern  as  to  demand  the  creation  of  a  separate  commission,  or  a  new  department  of 
the  Local  Government  Board,  which  shall  be  a  Supreme  Rivers  Authority,  dealing 
with  matters  relating  to  rivers  and  their  purification,  and  which,  when  appeal  is 
made  to  them,  shall  have  power  to  take  action  in  cases  where  the  local  authorities 
have  failed  to  do  so. 

32.  We  cannot  conclude  this  Report  without  referring  to  the  very  serious  loss 
which  we  sustained  by  the  death  of  Sir  Richard  Thome  Thome  at  a  comparatively 
early  stage  of  our  Inquiry.  He  was  a  most  active  member  of  the  Commission,  and 
his  advice  and  help  were  invaluable. 


(Signed)        IDDESLEIGH. 


F.  J.   Willis,  Secretary, 

12th  July  1901. 
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MINUTES  OF  EVIDENCE 


TAKEN  BEFORE  THE 


ROYAL    COMMISSION 


APPOINTED  TO 


Inquire  and  Report :  first,  what  method  or  methods  of  treating  and  disposing  of  Sewage  (including 
any  Liquid  from  any  Factory,  or  Manufacturing  Process)  may  properly  be  adopted,  consistently  with 
due  regard  for  the  requirements  of  the  existing  Law,  for  the  protection  of  PubUc  Health,  and  for  the 
economical  and  efficient  discharge  of  the  duties  of  Local  Authorities ;  and  if  more  than  one  method 
may  be  so  adopted,  by  what  rules,  in  relation  to  the  nature  or  volume  of  Sewage,  or  the  Population 
to  be  served,  or  other  varying  circumstances  or  requirements,  should  the  particular  Method  of 
Treatment  and  Disposal  to  be  adopted,  be  determined ;  and,  secondly,  to  make  any  Recommendations 
which  may  be  deemed  desirable  with  reference  to  the  Treatment  and  Disposal  of  Sewage. 


At  16,  Victoria  Street,  Westminster,  S.W. 


FIEST    DAY, 


Wednesday,  227id  June,  1898. 


PRESENT  : 

The  Earl  of  Iddeslsigh  {Chairman,  presiding). 


Sir  RiCHAHD  Thorne  Thorne  k.c.b.,  F.R.8. 
Professor  Michael  Foster,  F.R.S. 
Professor  William  Ramsay,  F.R.S. 
Mfigor-Qen.  Coxstantine  Phipps  Carey. 


Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 

Mr.  F.  J.  Willis,  Secretary. 


Mr.  Alfred  Douglas  Adrdln,  C.B.,  AflaiaUnt  Secretary  bo  the  Local  Qovemmetilt  Boaid,  called  ;  and  Examined. 


1.  {Chairman.)  Mr.  Adrian,  I  think  you  are  an  Assistant 
Secretary  to  the  Local   Goyemment  Board? — ^Yee,    my 

liOItL 

2.  And  in  that  capacity  you  Ihay^  liad  charge  for  some 
jears  of  tlve  department  concerned  with  queetions  of 
sewerage  and  sewage  disposal  % — Yes. 

3.  Now  you  Ivave  been  asked  to  give  evidence  with 
respect  to  the  law  relating  to  sewage  disposal,  so  far  as 
regards  England  and  Wales,  and  with  respect  to  any  point 
srbing  out  of  the  practice  of  the  Board  that  may  be  of 
interest  to  lihe  "Commissaon  ? — Quite  so. 

4.  Would  you  mind,  at  the  outset,  explaining  what 
method  you  propose  to  adopt  in  &»  arrangement  of  your 
eyideoce  ? — I  propose,  in  13]^  firat  instonoe,  to  give,  in  iSie 
form  of  a  chionologioaiL  summary,  an  aooount  of  ilhe  origin 
and  growlfii  of  the  general  Statute  faiw.  I  pnopose  to 
follow  this  summary  by  a  statement,  with  appropriate  com- 
mentary, of  the  effect  of  the  general  Statute  law  as  it  now 
«»t6.  Lfiotly,  I  propose  to  maike  a  few  obserrations  in 
iIlu<itration  of  4}be  past  end  preseoit  practice  of  <ihe  Depart- 
ment when  dealing  with  schemes  of  sewage  disposal. 

5.  Have  y^m  anything  ito  eay  by  way  of  preface  to  your 
account  of  the  origin  and  growtihi  of  •idie  law  ? — ^I  think  it 
may  be  said  of  the  law  relating  to  sewage  disposal,  as 
embodied  in  <the  general  6ta4^u^  now  in  force,  that  one 
of  its  nMWt  Striking  features  de  the  oosnpoeibe  (^horadter  of 
its  pionaione.  1^^,  of  couzve,  da  Itihe  necessary  conse- 
quence of  the  circumstances  on  whaoth  (tihe  law  has  be^m 
gradually  <built  up.  For,  in  deaHIng  witb  this  mai^r,  the 
Legislatare  and  the  Qoyemment  Departments  which  hare, 
from  time  to  time,  been  concerned  with  its  administration 
have  nerer  been  in  the  position  of  luaTing,  as  it  were,  a 
clean  sheet  upon  which  to  record  a  precise  code  of  rulea 
At  the  outset,  the  varying  practice  of  different  communities 
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almost  necessarily  imparted  to  tihe  beginnings  of  legisl*-  ^^^^  ^•*- 
tiou  a  more  or  lees  tentative  (Character.    And,  dn  later  22 June  1898. 

stages,  the  successive  oontributions  to  the  Statute  law      

have  taken  the  form  of  grouping  about  the  original  nucleus, 
rules  devised  to  facilitate  some  special  purpose  to  which 
the  prevailing  opinion  of  the  time  attached  a  peculiar 
impurtanoe.  It  seems  to  me,  therefore,  tiha*  to  a  proper 
appreciation  of  the  law,  as  it  now  stands,  a  preliminary 
survey  of  the  circumstances  of  its  growth  is  absolutely 
essential ;  and  such  a  survey  is  materially  helped  by  a 
summary  of  the  conclusions  which,  as  the  outcome  of 
official  or  pariiamentoiy  investigations,  or  of  the  labours 
of  previous  Royal  Commissions,  may  be  regarded  as 
influencing  the  legislation  of  the  time.  On  such 
a  survey  we  find,  I  think,  that,  taking  the  half 
centuiy   during    which   the    Statute    law    on    the    sub- 

iwfJf^^  "^fei^ '^  ^  P'^*^  <^  eirolution, 
there  one  tihree  dwbinot  penods,  each  of  which  is  marked 

by  a  domwiant  opinion  as  to  the  essentials  of  a  nioDer 
system  of  sewage  dispoeaG.  ^ 

6.  You  have  spoken  of  three  periods  for  the  nur- 

^?.%-^*^i'^-     N?w<^ first pmod-what is  that? 
—Ihe  tot  penod  oompnses  /fch©  years  from  1842  to  1857 
During  that  time  thie  oanclusions  to  be  drawn  fnMn  ofliciai 
and  p«iauwnenrt»ry  publicatione  seem  to  me  to  be  these  • 
That  dt  wais  of  ttflne  first  importance  to  secure  the  promnt 
remova^  of  sewage  from  the  neighbourhood  of  dwellings  : 
That  the  use  of  a  nver  outfall  was  preferable  to  reSi- 
tion  of  sewage  near  dwellings :  That,  in  consequence  of 
doubts  as  to  the  effect  upon  the  public  h«Uth  of  the 
irrigation  of  large  surfaces  with  liquid  sewage,  the  best 
system  of  disposal  was  by  underground  pip^  for  subse- 
quent distribution  by  hose  or  jete.  i'  l'  »  *"'  saose- 

7.  What  are  rour  rwnarks  upon  the  second  neriod  ?— In 
the  second  period  I  should  group  itibe  ycais  1858  to  1870. 
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Mr.  A.  D.  This  period  yields  as  the  publii^hed  results  of  the  investi- 
^c<rmn,o.B.  ggtions  which  it  covers  :  (1)  The  abandonment  oi  the 
2'iJuuei8i8.  notion  of  possible  injury  to  health  as  &  consequence  of  the 
irrigation  of  land  by  sewage  ;  land  (2)  the  growth  of  t!h« 
belief  in  the  ideail  system  of  sewa^^  disposal  as  being  that 
which  should  aim  at  its  profitable  utilisation  by  direct 
application  to  lajid,  and  should  thus  facilitate  tthe  protec- 
ton  of  rivers  from  oontaminaition. 

8.  And  the  (third  period  ? — To  tShe  t«bipd  period,  that  is, 
to  the  years  from  1870  to  tbe  presenit  time,  is  to  be 
attributed,  as  a  dominant  idea  whicfh  finds  expression  in 
official  and  parliamentary  publications  and  in  legislation, 
the  opinion  that  the  prevention  of  the  poLlution  ol  streams 
is  an  indispensable  requisite  of  every  system  of  sewage 
disposal  which  can  lay  claim  to  efficiency. 

9.  Now  would  you  mind  stalling  in  detail  what  you  have 
noted  as  importamt  in  relation  to  ^e  first  of  these  periods  ? 
— Of  the  facts  w^hich  I  have  noted,  (the  first  in  olirono- 
logical  order  may  be  said  to  ibe  tlie  appClLcalbion  of  sewage 
by  open  imiga^on  to  the  Craigenitinny  Meadowt»  at  Edin- 
burgh. The  ooigin  of  tJiis  system,  is  generally  atttributed 
to  the  close  of  the  18th  century.  In  1842  an  official 
observer  (Mr. — afterwards  Sir — ^E.  Chodwick)  in  hds  report 
to  the  Poor  Law  Commissioners  on  t'be  sanitary  condition 
of  the  labouring  population  of  Great  Britain  described  tlie 
process  at  some  length.  I  mention  Mr.  Chadwick  in  this 
connection,  because  it  is  stated  in  the  evidence  taken 
by  a  Commission  appointed  in  1843  to  inquire  into 
the  state  of  large  towns  and  populous  districts  that 
irrigation  had  been  practised  from  the  beginning 
of  :the  present  century  at  Ash  burton  and  elsewhere  in 
Devon,  but  that  until  Mr.  Chadwick  drew  attention  to 
the  subject  little  had  been  said  or  thought  of  it.  But 
whether  because  Mr.  Chadwick  was  influenced  by  the 
opini()n  of  his  fellow  observer.  Dr.  Amo4^,  who  regarded 
the  process  as  unfitted  for  the  vicinity  of  a  fbown,  or  because 
in  view  of  legal  proceedings  then  pending  at  <t3ie  instance 
of  the  Governmettt  for  the  protection  of  flbfyrood  Palace 
against  injunr  to  health,  it  was  necessary  to  write 
cautiously,  'bix.  Chad  wick's  opinion  was  by  no  means 
favourable  to  the  practice.  But,  at  the  some  time,  he 
pointed  out  tfliat,  if  the  contents  of  iflie  cesspools  were  car- 
ried by  adequate  supplies  of  water  in  drains  from  the 
houses  into  covered  sewers,  and  thence  in  covered  instead 
of  open  sewers  to  the  lands  at  proper  distances,  where 
the  contents  might  be  distributed  as  manure  by  irrigation, 
this,  according  to  the  authorities  whom  he  had  consulted, 
would  have  been  the  best  method  then  apparently  prac- 
ticable. 

IC.  Have  you  any  remarks  to  make  upon  the  mention  of 
sewers  in  the  recommendv^tion  you  Tiave  just  summarised  ? 
— ^Yes.  There  is  the  fact  that  the  sewers  of  the  time  at 
which  Mr.  Chadwick  wrote  were  not  generally  designed  to 
effect  the  purpose  that  he  had  in  view  in  his  sketch  of  an 
improved  process.  At  the  beginning  of  tihe  century  sewers 
wero  intended  for  surface  water  only.  Water  closets  were 
introduced  about  1810.  They  discharged  into  cesspools  ; 
but  as  the  use  of  the  closets  extended,  an  overflow  into  the 
street  sewers  became  inevitable.  Now  in  1842  the  sewera 
which  were  generally  regarded  aa  tihe  best  examples  of 
such  works,  viz.,  the  Metropolitan  Sewers,  were  thus 
described  by  Mr.  Chadwick  :  "  The  general  defect  of  these 
*  works  is  that  they  are  so  constructed  as  to  accumulate 

deT)0SYts  within  them  :  that  the  aceumulatione  remain  for 
years,  and  are  at  last  only  removed  at  a  great  expense  and 
in  an  offensive  manner  by  hand  labour  and  cartage."  For 
cleansing  purposes  the  streets  were  opened.  Men  de- 
scended, eoooped  up  the  deposit  in/to  pails,  which  were 
raised  by  a  windlass  to  the  surface,  and  laid  there  until 
the  carts  came. 

11.  Have  you  any  information  as  to  the  condition  of 
things  elsewhere  besidr*;  the  Metropolitan  Sewers  ? — Yes. 
The  Commission  of  1843  records  facts  which  clearly  show 
that  the  condition  of  thkintjs  elsewhere  was  worse.  The 
sewers  in  use  were  such  as  had  been  constructed  primarily 
for  surface  water  by  Commissions  of  Sewers,  acting  for 
ahc>nt  80  districts  outside  the  Metroipolis  (according  to  the 
estimaJke  of  1843)  under  the  Statute  of  the  23  Henry 
VIII.  c.  5.  Or  the  sewers  were  in  fact  highway  drains. 
As  t(»  the  hijghway  drains  very  serious  nuisance  was  re- 
ported. The  General  Highway  Act  of  1835  empowered, 
but  did  ntt  compel,  highway  surveyors  tb  cleanse  these 
drains.  And  the  powers  of  an  earlier  Act  (13  George  m. 
c.  78,  8.  8)  which  required  cleansing  by  adjoining  occu- 
piers had  been  repealed.  Consequently  the  Commis- 
sioners of  1843  say :  "  The  exhalations  and  offensive 
effluvia  arising  from  the  non-cleansing  of  such  drains  pro- 
ducing fcvew  and  other  diseases"  were  found  to  "add  to 


the  miseries  of  the  poorer  inhabitants,  and  to  the  expenses 
both  of  the  parish  and  individuals." 

12.  Now,  the  preliminaay  facts  to  which  you  have  drawn 
our  attention  are,  fiiet,  the  existence  in  1842  of  at  least 
one  example  of  irrigation  of  some  antiquily,  and,  secondly, 
the  defects  of  the  seweiB  of  the  period.  Is  there  any 
other  point?— There  is  a  tihiid  point  to  wMch  I  wisfh  to 
allude,  and  tho^  is  Mr.  Chodwick's  opinion  upon  the  use 
of  streams  as  sewage  outfaCib.  While  he  regarded  sucn 
use  of  streams  as  a  far  less  evil  than  the  retention  of  filth 
among  large  masses  of  the  population,  he  considered  that 
an  improved  water  carriage  system  might  convey  refuse 
cheaply  and  innoxiously  to  any  distance  out  of  towns,  and 
in  the  best  form  for  productive  use,  and  that  the  loss  and 
injury  by  the  pollution  of  natuial  streams  might  thus  be 
avoided. 

13.  You  are  now  approaching  the  legislation  of  this  first 
period.  What  is  your  earliest  example  of  thfis  ? — Taking 
Mr.  Chadwick's  report  as  showing,  as  it  were,  the  high 
water  mark  of  the  opinion  of  rt/he  time  upon  sewerage  and 
sewage  di0po6al,  one  is  not  surprised  to  find,  in  the  first 
example  of  g&a&nLu  tegisJotion  witli  regard  to  these  subjedfce, 
evidence  l&at  the  accepted  standard  of  requirements  feil 
short  of  the  official  ideal.  The  legislation  to  which  I  refer 
is  Ifhat  comprised  in  the  Towns  Improvement  Clauses 
Act,  1847.  This  was  caie  of  a  series  of  Aots  passed  with 
the  view  of  avoiding  the  necessity  of  repeating  provisions 
usuolHiy  conitained  in  Local  Acts,  and  for  ensuring  greater 
unilormity  in  tibese  provisions.  The  Act  may  be  regarded, 
therefore,  as  exhibitong  a  revised  version  of  what  wouM  be 
found  at  the  time  in  Local  Acts  for  towns  improvement. 

14.  Would  you  give  us  any  details  of  what  is  note- 
worthy in  that  Act?  — ^The  Act  recognises  two  methods 
of  sewage  disposal.  First,  there  was  the  method 
of  getting  rid  of  sewage  without  any  profitable  return.  The 
local  authority  for  this  purpose  might  cause  their  sewers  to 
communicate  wiitih  and  empty  themseltves  into  the  sea  or 
any  pubMc  river  (sec.  24).  Secondly,  there  was  the  metthod 
of  profitable  dis{>osBl.  The  local  authority  migMt  cause  the 
refuse  from  their  sewers  to  be  conveyed  by  a  proper 
channel  to  the  moit  convenient  site  for  ite  collection  and 
sale  for  agricultural  or  other  purposes,  as  might  be  deemed 
most  expedient,  but  so  that  the  same  should  in  no  case 
become  a  nuisance  (sec.  24). 

15.  {Mr.  Killick,)  l?he  Mune  section? — Yes*,  the  same 
section. 

16.  {Chairman.)  "Eiaive  you  any  point  to  make  in  con- 
nection with  tbe  provisions  of  the  Act  as  regards  sewage 
disposal  without  profitable  results  ? — ^As  regards  the  first 
of  these  metJhods,  viz.  :  thalb  by  a  sea  or  river  outfall,  it  is 
to  be  observed  that  the  expression  "  public  river  '  did  not 
restrict  the  outfall  to  tidal  waters. 

17.  It  did  not? — ^It  did  not.  The  expression  may  be 
explained  by  a  reference  to  Lord  Hale's  treatise  (De  Jure 
Maris,  pt.  1.,  cl.  3),  as  meaning  a  river  which  is  publici 
juris,  and  a  common  highway  for  man  and  goods — a 
navigable  stream  which  may  be  froG^h  or  salt,  and  may  fiow 
or  reflow  or  not. 

18.  As  to  the  second  mode  of  disposal,  have  you  any 
observations  on  that  ? — With  respect  to  the  second  method 
of  disposail',  it  is  to  be  noted  that  there  are  several  provi- 
sions in  the  Act  which  point  to  the  conception  of  a  sewer 
as  a  possible  sewer  of  deposit,  and  to  such  a  destination  of 
its  contents  as  would  be  consistent  with  that  cono^tibn. 
It  may  have  been  considered  that  provisions  of  this  kind 
would  certainly  be  needed,  if  not  for  th<e  sewers  constructed 
by  the  local  authority,  at  least  for  the  sewers  which 
became  vested  m  them  by  virtue  of  section  22.  Accord- 
ingly, the  local  authority  were  required  to  make  such 
reservoirs,  sluices,  engines,  and  other  works  as  should  be 
necessary  for  cleansing  their  sewers  (section  24).  They 
mi^t  employ  scavengers  or  contract  for  scavenging,  in- 
cluding the  cleansing  and  emptying  of  sewere  (section  95). 
FUith  collected  from  the  sewers  was  to  be  the  property  of 
iAie  iOcal  authority,  who  could  sell  and  ddspose  of  it  as  '^e^ 
thought  proper  (section  90).  They  could  appoint  places 
for  its  deposit  (section  95),  and  could  themselves  provide 
such  places  in  the  shape  of  buildings  or  Iknds  (section  91). 

19.  And,  lastly,  as  regards  sewage  disposal  by  sea  or 
river  outfalls,  are  there  any  incidental  provisions  in  the 
Adb  of  1847  to  be  mentioned  ? — It  may  be  noted  that  in  the 
system  wh^h  the  Towns  Improvement  Clauses  Act,  1847, 
recognised  as  permissible,  the  sea  or  a  public  river  was 
regarded  as  an  appropriate  outfaHl  for  house  drainage,  by 
way  of  alternative  to  connection  wiiAi  a  sewer  or  cesspool 
(sections  35  and  36)  ;  and  it^«  iboal  authority,  where  the 
sea  or  river  was  within  100  feet  e!  the  house  or  building 
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were  required,  in  certadn  circumstances,  to  construct  fhe 
communicating  drain  (sections  35  and  36). 

20.  You  have  dealt  wiith  the  legi^kvtion  of  1847 ;  have 
you  anything  to  say  with  regard  to  the  n<ext  year — 1848  ? — 
In  1848  the  first  Public  Health  Act  was  passed.  This 
Statute  was,  as  the  preamble  shows,  intended  to  provide, 
under  tJhe  supervision  of  a  temporary  body — ^the  General 
Boaid  of  HeaJtb — a  sdhome  of  local  management  and  con- 
trol for  th«  improvement  of  tJhe  sanitary  condition  of  towns 
and  populous  places,  with  the  exception  of  certain  Metro- 
politan areas.  This  Act  also  contained  provisions  which 
recofi^nise  tlie  alternatives  of  non-profitable  and  profitable 
meibhodfi  of  sewage  disposal. 

21.  And  as  regards  i^e  non-profitable  disposal,  what 
are  the  chief  points  to  be  noted  in  the  Act  ? — ^It  is  to  be 
observed  that  the  express  mention  of  the  sea  or  a  public 
river  as  an  appropriate  outfall  for  the  eewere  of  a  local 
authority  is  not  repeated. 

22.  Not  repeated  ? — Not  repeated.  By  section  46  the 
local  authority  were  to  cause  all  or  any  of  the  sewers 
vested  in  them  "  to  communicate  witih  and  be  empti^  into 
such  places  as  may  be  fit  and  necessary.'*  Some  rest-rictioai 
was  put  upon  Dhe  selection  of  a  watercourse  as  a  place  of 
oiifefaU  by  the  provisions  of  section  145.  Under  that  sec- 
tion nothing  in  the  Act  was  to  be  construed  to  authorise 
the  local  authority,  without  previous  consent  in  writing,  to 
use,  injure,  or  interfere  with  any  watercourse  or  stream 
in  which  the  owners  of  certain  property  or  the  proprietors 
of  canals  or  navigations  might  be  interested. 

23.  What  were  the  provisions  of  Iflie  Act  with  respect  to 
the  profitalble  disposal  of  sewage?— As  to  profitable 
methods  of  sewage  disposal,  the  Act  of  1848  did  not  in 
express  terms  mark  any  distinct  advance  upon  the  legisla- 
tion of  the  previous  year.  By  section  46  the  loca£  authority 
mi^ht  cause  the  sewage  and  refuse  from  their  isewers  to 
be  collected  for  sale  for  any  purpose  whatsoever,  but  so  as 
not  to  create  a  *nuisance.  For  the  purpose  of  clearing, 
cleansing,  and  emptying  the  sewers,  they  maght  construct 
leservodis,  skdces,  engines,  and  other  works.  They  might 
abo  under  section  56  provide  fit  buildings  and  places  for 
the  deposit  of  sewage  collected  by  them,  and  sewage  so 
collected  was  to  be  vested  in  and  sold  and  disposed  of  by 
them.  House  dTains  might  stilL  in  certain  circumstances 
have  direct  oommunJcation  with  the  sea  (seobion  49).  But 
the  express  mention  of  a  public  river  as  a  possible  outfall 
for  these  drains  was  not  repeated. 

24.  Then  dealing  frtjifl  witti  the  first  of  the  (three  periods, 
in  order  of  date,  w^ialt  lis  the  next  fact  to  w'hdch  attention 
should  be  drawn  ?--On  the  6th  of  January,  1854,  the  first 
General  Board  of  Health,  whose  term  of  ofl&ce  was  then 
drawing  to  a  close,  presented  a  report  upon  their  admini- 
stration of  the  Public  Health  Act,  1848.  Concerning 
sewage  disposal,  there  is  an  appendix  of  "  Conclusions  ob- 
tained on  application  of  sewer  water  and  town  manures 
to  agricultural  production." 

25.  Can  you  tell  us  what,  briefly,  is  the  effect  of  fhose 
conclusions  of  tihe  General  Board  of  HeaLth  ? — The  General 
Board  of  Health  were  of  opinion  tliat  ilt  was  far  less  in- 
jurious to  the  public  health  to  have  the  refuse  of  towns  in 
water  in  the  next  river  than  underneath  or  amidst  dwell- 
ings. Also  they  considered  that  there  had  been  no  satis- 
factory trials  on  a  large  scale  of  chemical  substances  as 
deodorisers  or  disinfectants.  Two  conclusions  embodying 
the  sanitary  results  of  the  investigations  of  the  General 
Board  of  Health  may  perhaps  be  quoted  in  extenso.  The 
first  was  :  "  That  the  application  of  manures  to  the  surface 
"  of  land  by  means  of  irrigation  is  less  injurious  than  the 
'^  application  of  the  same  quantities  of  manure  in  the 
"  common  method  as  top-dressing ;  but  that  the  common 
"  practice  of  irrigation  with  plain  water  is  often  productive 
"of  ague,  and,  when  conducted  near  dwellings,  is  other- 
"  wise  injurious  to  health ;  and  that  the  creation  of  largely 
"extended  evaporating  surfaces  from  sewer  water  near 
"  towns  (thoi^h  still  far  less  injurious  than  the  retention 
"of  refuse  and  its  decomposition  within  towns  and  under- 
"neath  habitations)  ought  to  be  avoided.*  The  second 
conclusion  was  :  "  That  the  necessity  of  any  such  exposure 
•*  18  avoided  by  the  conveyance  of  sewer  water  in  closed,  im- 
"  permeable  pipes  underground,  and  by  its  distribution  by 
"steam  power,  or  by  gravitation  through  pipes  by  jets, 
"  after  the  method  of  distribution  of  garden  watering,  or 
"  by  shedding  from  a  hose,  whereby  the  extent  of  exposure 
"  to  evaporation  is  so  far  reduced  in  amount  and  time,  and 
"  the  absorption  by  the  land  so  immediate,  that  it  is,  as  in 
**c:arden  cultivation,  inappreciable  in  its  effect  on  the 
"  atmosphere,  or  on  the  health  of  persons  exposed  to  it." 
Other  conclusions  dealt  with  the  agricultural  advantages 
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26.  That  is  the  first  time  that  anybhimg  in  the  shape  of  22JiuieiS9S 
deodorisation  is  mentioned  at  all,  is  it? — Certainly,  yes.       — *-* 

\  may  also  mention  that  this  suggestion  as  to  the  under- 
ground pipes  and  the  jets  probably  had  in  view  an  experi- 
ment which  about  that  time  was  being  tried  on 'a  very  ex- 
tensive ^cale  in  the  Metropolis. 

27.  Yes  ? — ^An  experiment  for  taking  sewage  from  some 
Pimhco  sewers  to  the  market  gardens  at  i^'ulliam  by  a 
company  with  a  considerable  capital  for  those  times. 

28.  Now  the  end  of  the  first  period  was  1857.  Are 
there  facts  of  importance  which  you  associate  with  that 
year  ? — ^In  connection  with  the  last  year  of  the  first  of  the 
three  periods  which  I  have  already  mentioned,  two  im- 
portant facts  have  to  be  noticed.  The  first  is  the  i)resen- 
tation  of  a  report  dated  Maich  1857,  by  Mr.  Henry  Austin, 
who  was  Chief  Superintending  Inspector  of  the  General 
Board  of  Health,  on  the  means  of  deodorising  and  utilising 
the  sewage  of  towns.  The  second  is  the  appointment  on 
the  5th  of  January  1857  of  a  lloyal  Commission  to  inquire 
into  the  best  mode  of  distributing  the  sewage  of  towns, 
and  applying  it  to  beneficial  and  profitable  uses. 

29.  What  have  you  to  say  about  the  report  of  Mr. 
Austin? — ^The  report  is  arranged  under  the  following 
heads  :— (1)  The  constituents  of  sewage  and  their  value  ; 
(2)  a  description  of  the  chief  processes  adopted  for  deodo- 
rising sewage,  and  for  manufacturing  therefrom  a  solid 
manure ;  (3)  a  description  of  the  means  practised  for  the 
application  of  sewage  to  agriculture  in  the  liquid  form, 
and  (4)  the  agricultural  results  of  these  various  processes 
and  recommendations  as  to  the  best  means  of  realising  the 
value  of  sewage  whilst  securing  the  removal  of  all  danger 
to  the  public  health. 

30.  In  this  division  of  the  subject,  what  was  included 
under  the  second  head  ? — ^Under  the  second  head  (deodo- 
risation and  solid  manure)  Mr.  Austin  groups  three  classes 
of  operations  :  — (1)  The  precipitation  of  the  solid  matters 
held  in  mechanical  suspension  and  partial  solution  in  the 
water,  by  the  addition  to  the  sewage  of  various  chemical 
ingredients ;  (2)  the  separation  of  the  solid  matters  in  sus- 
pension by  straining  or  filtration,  and  their  admixture  with 
various  solid  deodorisng  materials  ;  and  (3)  simple  deposi- 
tion and  draining-off  of  the  liquid  from  the  solid  mass. 
Among  chemical  processes,  Mr.  Austin  describes  methods 
of  treatment  by  lime,  by  lime  in  addition  to  sulphate  of 
alumina,  by  sulphate  of  iron  and  burnt  magiiesian  lime- 
stone, by  hydrochloric  acid  with  chloride  of  sodium  and 
protosulphate  of  iron,  by  sulphurous  acid  and  carbolic  acid 
with  magnesia  and  lime,  by  sulphate  of  iron  and  animal 
charcoal,  and  by  sulphate  of  iron  and  lime. 

31.  Do  you  understand  that  he  tested  all  these  pro- 
cesses ? — ^Hardly  ;  I  think  not. 

32.  Xo  ? — I  rather  think  he  relied  upon  the  experiments 
of  others. 

33.  Would  you  give  an  account  of  what  was  discussed 
under  the  third  head,  which  dealt  with  the  utilisation  of 
sewage  in  the  liquid  form  ? — ^Under  the  third  lieud,  Mr. 
Austin  discusses  (1)  the  system  of  open  irrigation,  and  (2) 
the  system  of  underground  pipes  and  distribution  by 
movable  hose  and  jet.  Examples  of  the  first  method  were 
the  Craigentinny  Meadows  at  Edinburgh,  an  experiment 
at  Tavistock,  on  a  farm  at  Harrow,  at  Exminster  Lunatic 
Asylum,  at  Crediton,  and  extensive  irrigation  of  meadows 
m  Lombardy.  Of  the  system  of  underground  pipes  with 
movable  hose  and  jet  instances  are  given  at  various  farms, 
the  abandoned  works  of  the  Metropolitan  Sewage  Manure 
Company  at  the  Fulham  Market  Gardens,  works  at  Dart- 
moor Prison  and  Colney  Hatch  Lunatic  Asylum,  and  the 

•towns  of  Rugby,  Rusholme,  and  Watford.  ' 

34.  What  were  the  chief  conclusions  which  Mr.  Austin 
'embodied  in  his  report? — ^The  chief  conclusions  were  as 
follows  :  — That  to  avoid  all  further  risk  of  injur}-  to  health, 
whether  from  discharge  of  the  sewage  into  rivers  and 
streams,  or  from  its  application  to  the  land,  it  appeared 
desirable  that  the  solid  matter  should  in  every  case  be 
separated  from  the  liquid  sewage  at  the  outfall,  and  that 
a  cheap  portable  manure  should  be  manufactured  there- 
from for  use  in  the  immediate  neighbourhood  :  That  the 
liquid  portion  of  the  sewage,  still  retaining  its  chief  value 
as  manure,  might  then  be  applied  with  benefit  to  neigh- 
bouring lands  :  That  the  distribution  by  hose  and  jet  by 
underground  pipes  had  been  found  to  be  most  advanta- 
geous :  That  upon  grass  lands  larger  quantities  might  be 
economically  distributed  by  a  combination  of  the  under- 
ground pipe  system,  with  subsidiary  open  irrigation  by 
small  contour  gutters  :  That  in  any  neighbourhoods  where 
no  opportunity  existed  for  beneficial  irrigation  the  liqui'l 
sewage  before   being  discharged    into   rivers   or  streams 
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Mr.  A,  D.   should,  after  separation  of  the  solid  matter,  be  treated  with 
Adrian^yi^.  Hme  or  other  deodorising  and  precipitating  agents. 

22Juiiet896«      36.  The  appointment  of  the  first  Sewage  Commission 
*  .~  belongs  to  the  year  1857.     When  was  their  first  report 

made  ? — ^The  preliminary  report  of  the  first  Sewage  Com- 
mission was  made  on  the  26th  March,  1858. 

36.  And  what  have  you  got  to  say  about  that  preliminary 
report? — From  this  report  it  appears  that  the  t^o^^^^^s- 
sioners  had  construed  the  reference  as  requiring  them 
not  only  to  consider  the  application  of  sewage  to  agricul- 
ture, "  but  further  to  examine  the  position  in  which  town 
"populations  are  placed  with  regard  to  the  disposal  of 

their  sewage,  and  to  devise,  if  possible,  some  means  of 
relieving  them  from  the  very  serious  difficulties  under 
which  they  now  labour  in  this  respect."  "We  felt," 
said  the  Commissioners,  "  that  in  order  to  fulfil  the  whole 
"intention  of  the  inquiry  entrusted  to  us,  it  would  be 
**  necessary  not  only  that  we  should  visit  and  personally 
"examine  the  different  localities  where  sewage  is  em- 
"  ployed  in  agriculture,  or  treated  with  a  view  of  neutra- 
"lising  its  offensive  and  noxious  properties,  but  that  a 
"series  of  distinct  experiments  should  be  undertaken  to 
"  test  the  efficacy  of  existing  methods,  and,  if  possible,  to 
"improve  upon  them.*'  Tlie  second  branch  of  the  sub- 
ject, viz.,  that  concerned  with  the  experiments,  was  re- 
served for  future  repoi-ts.  The  preliminary  report,  in  ad- 
dition to  an  outline  of  a  scheme  for  dealing  with  metro- 
politan sewage,  comprised  the  results  of  inspections  and 
inquiries  by  a  committee  of  five  as  regards  all  works  then 
in  operation.  The  remarks  on  these  results  were  grouped 
under  the  heailings  :  — Application  of  sewage  by  irriga- 
tion :  Application  of  sewage  by  hose  and  jet :  and  precipi- 
tation of  the  solid  matter  of  sewage. 

37.  Would  you  state  what  were  the  chief  conclusions 
of  the  preliminary  report? — ^The  principal  conclusions 
were  :  That  the  application  of  the  whole  sewage  to  land 
while  profitable  in  certain  cases  was  not,  when  conducted 
with  moderate  care,  productive  of  nuisance  or  injury  to 
health ;  that  when  circumstances  prevented  the  disposal 
of  sewage  by  direct  application  to  land,  the  processes  of 
precipitation  would  greatly  ameliorate  and  practicaUy 
obviate  the  evils  of  sewage  outfalls,  especially  where  there 
were  large  rivers  for  the  discharge  of  the  liquid  ;  and  that 
considered  merely  as  the  means  of  mitigating  a  nuisance 
these  precipitating  processes  were  satisfactory.  There 
was  one  other  conclusion  which,  perhaps,  deserves  quota- 
tion. This  was  :  "  That  there  is  good  ground  for  believ- 
"ing  that  the  methods  yet  proposed  for  dealing  with 
"  sewage  are  not  the  best  that  can  be  devised,  and  that 

•"  further  investigation  will  probably  result  in  the  discovery 
"  of  processes  more  thoroughly  equal  to  the  suppression  of 
"the  nuisance,  and  at  the  same  time  calculated  to  give 
"more  valuable  products." 

38.  Then  I  believe  legislation  followed  soon  after  this 
preliminary  report.  Have  you  any  observations  to  make 
upon  the  effect  of  such  legislation  ?^^n  the  2nd  of  August 
in  the  same  year  (1858)  was  passed  the  Local  Government 
Act,  1858.  This,  as  its  title  shows,  was  an  Act  to  amend 
the  Public  Health  Act,  1848,  and  to  make  further  pro- 
Tision  for  the  local  government  of  towns  and  populous 

districts.  The  most  prominent  feature  in  this  Act  in 
relation  to  the  subject  which  we  are  now  considering  was 
an  elaboration  of  the  idea  of  sewage  disposal  on  the  basis 
of  utilisation. 

39.  Will  you  give  us  some  account  of  the  provisions  in 
the  Act  of  1858  which  were  concerned  with  sewage  utilisa- 
tion ? — ^In  their  report  of  1854  the  first  General  Board  of 
Health  had  suggested  an  amendment  of  the  Act  of  1848 
to  facilitate  the  application  of  sewage  manure  to  lands. 
The  General  Board  of  Health  had  also  referred  to  tiie  diffi- 
culties of  local  authorities  on  account  of  their  want  of  legal 
powem  for  carrying  sewer  pipes  beyond  their  immediate 
jurisdiction.  Section  30  of  the  Local  Government  Act, 
1858,  was  designed  to  amplify  the  powers  of  local  authori- 
ties for  these  purposes.  Accordingly  it  ei^^ted  that  the 
powers  given  to  local  authorities  by  SecCion  46  of  the 
Act  of  1848 — ^powers  which,  it  may  be  remembered,  in^ 
eluded  that  oi  causing  sewers  to  communicate  with  and 
be  emptied  into  fit  and  necessary  places — ^might  be  exer- 
cised also  without  the  district  if  necessary  for  the  purpose 
of  outfall  and  distribution  of  sewage,  upon  making  due 
compensation.  Section  30  of  the  Local  Government  Act, 
1858,  further  enabled  the  local  authority  :  (a)  to  contract 
with  any  company  or  person  for  the  sale  of  sewage,  or  for 
the  distribution  of  it  over  any  land,  and  (6)  to  contract 
for,  purchase,  or  take  on  leases  any  lands,  buildings, 
engines,  materials,  or  apparatus  for  the  purpose  of  receiv- 
ing, storing,  disinfecting,  or  disfe«'^.uting  sewage.       But 


the  things  authorised  by  the  Section  were  to  be  done  so 
as  not  to  create  a  nuisance. 

40.  Did  the  Act  deal  in  any  way  with  the  question  of 
river  pollution  ? — ^Yes.  The  Act  made  new  provisions  for 
th^  protection  of  interests  in  rivers  and  streams.  Section 
73,  in  particular,  provided  that  nothing  in  the  Act,  or  any 
incorporated  Act,  should  be  construed  to  authorise  a  local 
authority  to  injuriously  affect  any  nver  or  stream,  or  its 
feeders,  or  the  supply,  quality,  or  fall  of  water,  without 
the  previous  consent  in  writing  of  any  company  or  indi- 
viduals entitled  to  prevent  or  be  relieved  against  such 
:njury. 

41.  Going  in  order  of  date,  what  is  the  next  fact  to 
which  you  wish  to  draw  attention  ?— On  the  first  of 
August,  1861,  was  passed  the  Local  Government  Act 
(18o8)  Amendment  Act  (1861).  This  contains  a  provision 
of  great  importance,  I  think,  in  relation  to  the  subject 
now  under  consideration.  The  importance  consists  in 
the  first  definite  imposition  of  a  restriction  designed  to 
secure  the  purification  of  sewage  effluent  before  d^charge 
into  streams. 

42.  Well,  perhaps  you  will  give  us  some  account  of 
that  restriction? — ^The  Section  (4)  which  imposed  the  re- 
str.ction  in  question  amplified  the  powers  which  the 
Local  Authority  derived  from  Section  45  of  the  Public 
Health  Act,  1848,  with  regard  to  the  construction,  repair* 
i.nprovement,  etc.,  of  sewers  by  enabling  them  to  exer- 
cise these  powers  without  their  district  "  for  the  purpose 
"of  outfall  or  distribution  of  sewage."  The  proviso  to 
the  Section  was  in  these  terms:  "Provided  always  that 
**  nothing  herein  contained  shaU  give  or  be  construed  to 
"  give  power  to  any  Local  Board  to  construct  or  use  any 
"outfall  drain  or  sewer  for  the  purpose  of  conveying 
"  sewage  or  filthy  water  into  any  natural  water  course  or 
"stream  until  such  sewage  or  filthy  or  refuse  water  be 
"  freed  from  all  excrementitious  or  other  foul  or  nozdous 
"matter  such  as  would  affect  or  deteriorate  the  purity 
"  and  quality  of  the  water  in  such  stream  or  water-course." 

43.  Have  you  anything  further  to  note  under  18611 — 
In  this  same  year,  also  in  the  month  of  August,  was 
made  the  Second  Beport  of  the  Boyal  Commission.  This 
report  embodied  (1)  the  results  of  the  examination  by 
Ck^mmittees  of  the  state  of  the  rivers  receiving  the  sewage 
of  large  towns,  and  (2)  the  results  of  the  investigations  a^ 
experiments  which  up  to  that  time  had  been  undertaken, 
at  the  instance  of  the  Commission,  to  test  the  efficacy  of 
existing  or  improved  methods  of  sewage  disposal 

44.  And  what  is  the  effect  of  the  Commissioners'  report 
under  the  second  of  the  two  heads  which  you  have  just 
mentioned  ? 

45.  (Professor  Bamsay.)  Might  I  interrupt?  Might  I 
ask  the  year,  please? — 1861.  With  regard  to  the  second 
of  these  branches  of  their  inquiry  the  Commissioners  pre- 
faced their  detailed  observations  with  the  following:  — 
"  In  our  former  report  we  stated,  and  we  have  since  seen 
"nothing  which  should  induce  us  in  any  degree  to  alter 
"  that  opinion,  that  to  obtain  the  greatest  amount  of  good 
"from  the  ultilisation  of  sewage  as  a  manure,  concur- 
"rently  with  the  fullest  immunity  from  the  evils  arising 

from  its  discharge  into  rivers  as  a  noxious  and  pestilen- 
tial liquid,  to  obtain  the  good  and  avoid  the  evil,  one 
only  thoroughly  efficient  mode  of  treatment  could  be 
prescri*bed — that,  namely,  of  its  direct  application  to 
land  in  the  liquid  form."  At  the  same  time  the  Com- 
missioners recognised  the  importance  of  the  consideration 
that  other  means  of  dealing  with  sewage  should  be  at  the 
command  of  such  towns  as  from  local  circumstances 
might  be  unable  to  adopt  the  liquid  method  of  distribution. 
As  to  the  irrigation  process,  experiments  were  then  in 
progress,  but  they  were  in  a  position  to  arrive  at  a  de- 
cision as  to  the  relative  merits  of  the  processes  by  which 
sewage  could  be  rendered  less  injurious.  Accordingly^ 
they  discussed  in  detail  various  methods  of  deodorisation, 
their  general  conclusion  being  that,  among  deodorisers 
the  material  which  up  to  that  time  had  been  found  to 
be  the  best  for  the  purpose  was  perchloride  of  iron  ;  but 
that  in  many  cases  the  employment  of  the  cheaper  mate- 
rial) lime,  might  suffice. 

46.  (Chairman,)  That  disposes  of  "1861.  Have  you 
anything  to  note  under  the  next  year  ? — On  the  18th  of 
February,  1862,  the  House  of  Commons  appointed  a 
Select  Committee  to  inquire  into  the  best  means  of 
utilising  the  sewage  of  the  cities  and  towns  of  England, 
with  a  view  to  the  reduction  of  local  taxation  and  th© 
benefit  of  agriculture.  On  the  10th  of  April  the  Com- 
mittee made  their  first  report  in  these  terms: — "That 
it  is  the  opinion  of  this  Committee :  1.  That  careful  and 
"exact    experiments    are    nucessary    to    elucidate    th« 
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**  agricultural  value  of  sawage  and  tke  best  mode  of  apply- 
^'ing  it.  2.  Tha^  such  experiments  have  been  carried 
'"on  at  Bugby  by  the  Oommisakm  appointed  to  inquire 
^*into  the  best  mode  of  distributing  the  sewage  of  towns 
*'  and  applying  it  to  beneficial  and  profitable  uses ;  and 
"(«5)  that  it  is  desirable  that  these  experiments  shall  be 
"continued  during  the  present  year.'' 

47.  I  believe  they  made  a  further  report  in  the  same 
jear ;  can  you  tell  us  the  conclusions  of  that  report  ? — 
Yes ;  on  the  29th  of  July,  1862,  the  Committee  made  a 
aectmd  report.  Their  principal  conclusions  were:  that 
the  value  of  sewatre  varied  greatly,  but  that  when  the 
manure  and  other  fertilising  refuse  were  not  diluted  in  * 
an  unusual  degree,  the  sewage  was  of  great  agricultural 
value :  that  the  cost  of  the  application  of  sewage  de- 
pended upon  the  relation  of  the  town  to  the  surrounding 
.agricultural  lands,  and  to  their  value  and  quality ;  but, 
when  these  relations  were  not  unusually  adverse  to  the 
Application  of  the  sewage,  it  could  be  applied  for  agri- 
eultural  purposes  with  profit  either  to  the  town  or  to  the 
owners  of  the  land  ;  and  that  Municipal  Authorities  had 
not  sufficient  powers  to  enable  them  to  rent  or  otherwise 
deal  with  lands  in  their  neighbourhood  for  the  most  pro- 
fitable application  of  the  sewage  in  relief  of  local  taxation. 

48.  What  is  the  next  event  in  your  chronological  sum- 
mary ? — On  the  26th  of  April,  1864,  the  House  of  Com* 
mons  appointed  a  Select  Committee  to  inquire  into  any 
plans  for  dealing  with  the  sewage  of  the  Metropolis  and 
other  large  towns  with  a  view  to  its  utilisation  for  agri- 
cultural purposes.  This  Committee  reported  on  the  14th 
of  July,  1864. 

49.  And  have  you  anything  to  say  about  the  effect  of 
the  Committee's  report? — ^Yes.  Among  the  conclusions 
embodied  in  the  report  the  following  may  be  specially 
noted: — ''Your  Committee  has  come  to  the  conclusion 
"  that  it  is  not  only  possible  to  utilise  the  sewage  of  towns 
''by  conveying  it  in  a  liquid  state  through  mains  and 
^  pipes  to  the  country,  but  that  such  an  undertaking  may 
''be  made  to  result  in  pecuniary  benefit  to  the  ratepayers 
"  of  the  towns  whose  sewage  is  thus  utilised.     .     .    There 

can  be  no  doubt  as  to  the  injury  which  results  from  the 
practice  of  conducting  sewage  and  other  refuse  matters 
into  the  rivers  from  whence  numerous  towns,  villages, 
"and  country  populations  derive  their  water  supply. 
"It  is  imperatively  necessary  that  such  a  pradice 
"should  be  discontinued.  No  efficient  artificial  method 
has  been  discovered  to  purify,  for  drinking  and  culinary 
purposes,  water  which  has  been  once  infected  by  town 
sewage.  By  no  known  mechanical  or  chemical  means 
can  such  water  be  more  than  partially  deansed  ;  it  is 
always  liable  to  putrify  again.  Processes  of  filtering 
''and  deodorisation  cannot,  therefore,  be  relied  upon  to 
"do  more  than  mitigate  the  evil.  Water  which  appears 
''perfectly  pure  to  the  eye  is  sufficient,  under  certain 
*'  conditions,  to  breed  serious  epidemics  in  the  population 
"which  drinks  it.  Soils,  however,  and  the  roots  of 
"growing  plants,  have  a  great  and  rapid  power  of  ab- 
"stracting  impurities  from  sewage  water  and  rendering 
"  it  again  innocuous  and  free  from  contaminatk>n.  •  .  . 
If  the  sewage  of  towns  is  no  longer  to  flow  into  rivers, 
the  only  alternative  which  remains  is  to  dispose  of  it 
on  the  land."  The  Committee  then  dealt  with  certain 
suggestions  for  the  protection  of  rivers,  and  recommended 
legislation  for  freeing  the  basins  from  pollution.  Such 
legislation,  they  considered,  should  include  a  provision  for 
compelling;  Local  Boards  to  render  the  sewage  of  their 
districts  innocuous  by  application  to  the  land  for  agri- 
cultural purposes. 

50.  Have  you  anything  to  note  in  18657— On  the  3rd 
March,  1865,  a  Parliamentary  Paper  (105)  was  presented 
as  a  return  to  an  address  of  the  House  of  Commons  for  a 
copy  of  all  Memorials  and  Petitions  to  Her  Majesty's 
Government  on  the  subject  of  the  pollution  of  rivers,  or 
the  utilisation  of  sewage.  The  Memorials  included  in 
this  return  were  from  Birmingham,  Huddersfield,  Xot- 
ticgham,  Rotherham,  Sheffield,  and  York.  The  ^Teneral 
tenor  of  the  Memorials  was  in  favour  of  legislation  to 
provide  for  the  land  treatment  of  sewage,  and  for  prevent- 
ing its  discharge  into  streams. 

51.  In  this  same  year,  1865,  the  Royal  Commissioners 
reported  again,  did  they  not  ?— Yes  ;  they  made  their 
third  and  last  report. 

52.  And  in  their  final  report,  what  were  the  concluainns  ? 
— ^The  Commissioners  said  that  as  the  result  of  their 
labours,  extending  over  eight  years,  they  had  oonfidence 
in  submitting  certain  conclusions,  of  which  the  first  and 
most  important  may  be  quoted  in  extento.  This  was  as 
follows  :  — "  The  right  way  to  dispose  of  town  sewage  is 
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"to  apply  it  continuously  to  land,  and  it  is  only  by  such   Mr.  a.  D. 
"application  that  the  pollution  of  rivers  can  be  avoided."  Adnan,Q.B, 
The  second  conclusion  referred  to  the  different  hnaiicial  22Juim18BB. 

results  of  the  land  treatment  of  sewage  under  different      

local  circumstances.  The  third  conclusion  affirmed  that 
in  favourable  circumstances  there  might  be  a  profit ;  and 
that,  under  opposite  circumstances,  the  rate  to  c  .ver  loaa 
need  not  be  of  large  amount. 

53.  Was  this  report  followed  by  legislation? — ^Yes.  A 
few  months  after  the  issue  of  the  last  report  of  the  Boyal 
Commission,  viz.,  on  the  29th  of  J\ine,  1865,  was  passed 
the  Sewage  Utilisation  Act  1865  (28  and  29  Vict,  c  75). 

54.  And  what  have  you  to  note  concerning  that  Act  ? — 
The  preamble  recited  that  it  was  expedient  to  remove 
difficulties  under  whioh  Local  Boards  and  other  bodies 
Slaving  the  care  of  sewers  laboured  in  disposing  of  the 
sewage  of  their  Districts  so  as  not  to  be  a  nuisance,  and 
to  give  facilities  to  suoh  Authorities  to  make  arrange- 
ments for  the  application  of  such  sewage  to  land  for 
agricultural  purposes.  Previous  legislation  had  been  oon- 
cemed  with  the  requirements  of  towns  in  this  matter. 
The  Act  of  1865  extended  to  rural  areas  as  well.  The  chief 
provisions  in  relation  to  the  subject  now  under  considera- 
tion were  those  which  gave  Sewer  Authorities  the  power 
of  combination  (s.  9),  the  power,  with  the  sanction  of  the 
Attorney  General,  to  proceed  for  the  purpose  of  protect- 
ing water  courses  from  pollutions  arising  from  sewage  (s. 
10),  and  the  power  of  agreement  for  the  supply  of  sewage 
for  a  period  not  exceeding  twenty -five  years  (s.  14).  There 
was  also  a  provision  that  nothing  in  the  Act  or  in  the  Acts 
to  which  it  referred  should  authorise  a  sewer  authority  to 
make  a  sewer  so  as  to  drain  direct  into  any  stream  or 
water-courses  (si  11). 

55.  I  believe  the  Act  of  1865  was  the  first  of  a  series. 
Can  you  state  shortly  the  chief  points  of  interest  in  rela- 
tion to  the  other  enactments  of  the  series? — In  certain 
details,  of  no  great  importance  as  regards  the  present  sub- 
ject of  investigation,  the  Sewage  Utilisation  Act,  1665,  was 
amended  by  the  Sanitary  Act,  1866.  It  may,  however, 
be  noted  that  this  Act  for  the  first  time  gave  power  to  the 
Central  Authority,  by  section  49,  to  take  action  against 
a  Local  Authority  of  whom  complaint  was  made  of  default 
in  providing  its  district  with  sufficient  sewers,  or  in  the 
maintenance  of  existing  sewers.  In  the  following  year 
(1867)  another  Sewage  Utilisation  Act  (the  30  and  31 
Vict.,  c.  113)  contained  a  series  of  new  provisions,  of 
which  some  mention  may  be  made.  Section  3  gave  the 
Sewer  Authority  power  to  do  outside  what  it  could  do 
within  its  district  for  the- purpose  of  receiving,  storing, 
disinfecting,  or  distributing  sewage.  Section  4  gave  the 
Authority  power  to  purchase  or  take  on  lease  lands  with- 
in or  without  its  District.  Section  5  enabled  the  Authority 
(a)  to  lease  their  land  for  not  more  than  seven  years  for 
agricultural  purposes  ;  (b)  to  contract  with  some  person 
to  take  the  whole  or  a  part  of  the  produce  ;  or  (c)  to  farm 
the  land  and  dispose  of  the  produce.  These  alternative 
power»  were  subject  to  the  restriction  that  the  provision 
to  be  made  should  extend  to  the  whole  of  the  sewage. 
A  series  of  provisions  in  sections  10  to  14  dealt  with  the 
formation  of  United  Districts  to  be  placed  under  the 
jurisdiction  of  Joint  Sewerage  Boards.  And  Section  15 
gave  the  Sewer  Authority  extensive  powere  of  contribut- 
ing to  the  expenses  of  penons  contracting  to  take  a  supply 
of  sewage.  In  the  next  year  (1868)  an  Act  to  amend 
the  Sanitary  Act,  1866,  contained  provisions  for  the  ex- 
tension of  the  powers  of  the  Central  Authority  in  dealing 
with  defaulting  Local  Authorities.  And  here — to  dispose 
of  enactments  of  this  class — ^it  may  be  noted  that  legisla- 
tion with  the  same  object  is  the  chief  feature  in  the  Sani- 
tary Loans  Act,  1869,  and  the  Sanitary  Act,  1870. 

56.  Apart  from  legislation,  is  there  any  other  circum- 
stance connected  with  the  year  1868  to  whioh  you  wish 
to  refer? — The  most  important  circumstance  to  be  men- 
tioned in  connection  with  the  year  1868  is  the  appoint- 
ment on  the  6th  of  April  of  a  Royal  Commission  to  inquire 
into  the  best  means  of  preventing  the  pollution  of  rivere. 
An  earlier  attempt  at  such  investigation  had  been  made  by 
the  appointment  of  a  Royal  Commission  in  1865  ;  but 
after  the  presentation  of  some  reports,  the  contents  of 
which  do  not  appear  to  require  special  consideration  in 
connection  with  the  present  subject,  the  disagreement  of 
the  Commissioners  had  led  to  the  revocation  of  the  war- 
rant. The  Second  Commission  consisted  of  Sir  William 
Thomas  Denison,  Mr.  (now  Sir  Edward)  Frankland,  and 
Mr.  John  Chalmers  Morton. 

57.  Only  three  membera?— That  is  all  ;  only  three; 
and  there  were  also  only  three  in  the  first  Rivers  Polluti« 
Commission. 
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Jfr.^.j).  58.  Only  three  again?— Yes;  Mr.  (afterwards  Sir 
Adnan,o.B.  Robert)  Rawlinson,  Professor  Way,  and  Mr.  Thomhill 
22Jmiei898.  Harrison. 

59.  What  were  the  termfi  of  the  reference  to  the  Oom- 
miesioners— the  Rivers  Pollution  Commission  of  1868  ? — 
They  were  to  inquire — (1)  How  far  the  present  use  of 
rivers  or  running  waters  in  England  iy^x-  the  purpose  of 
<»irrying  off  the  sewage  of  towns  and  populous  places,  and 
the  refuse  arising  from  industrial  processes  and  manu- 
factures, could  be  prevented  without  risk  to  the  public 
heaCth  or  serious  injury  to  such  processes   and    manu- 
factures;  (2)  how  far  such  sewage  and  refuse  could  be 
utilised  and  got  rid  of  otherwise  than  by  discharge  into 
liverB  or  running  waters,  or  rendered  harmless  before 
reaching  them.     The  Commissioners  were  told  to  act  upon 
the  instructions  issued  to  their  predecessors.     In  these 
iostructionfl  (dated  the  i50th  <^  May,  1865)  the  following 
passage  seems  to  deserve  mention: — "Although  it  may 
''  be  taken  as  proved  generally  that  there  is  a  widespread 
"and  serious  pollution  of  rivers,  both  from  town  sewage 
''and  the  refuse  of  mines  and  manufactories,  and  that 
"town  sewage  may  be  turned  to  profitable  account  as  a 
"manure,  there  is  not  sufficient  evidence  to  show  that 
"any  measure  absolutely  prohibiting  tiie  discharge  of 
"such  refuse  into  rivers,  or  absolutely  compelling  town 
*'  authorities  to  cany  it  on  the  lands,  might  not  be  remedy- 
"  ing  one  evil  at  the  oost  of  an  evil  st&l  more  serioiiB  in, 
*'  the  shape  of  injury  to  health  and  damage  to  manufac- 
"tures." 

60.  It  will  perhaps  be  convenient  to  leave  the  chrono- 
Logical  order  for  a  moment  to  summarise  the  results  of 
the  labours  of  the  second  Rivers  Pollution  Commission  ? — 
Yes.  Their  first  report — ^and  this,  I  think,  may  con- 
veniently serve  to  mark  the  beginning  of  the  last  of  th<e 
three  periods  to  which  I  have  already  referred — ^was  made 
in  February,  1870.  An  introduction  described  the  general 
method  of  procedure  of  the  Commissioners.  This  com- 
prised the  inepection  of  ail  places  w'here  any  attempt  had 
been  made  to  purify  water  polluted  by  sewage  or  manu- 
facturing refuse ;  and  the  examination  of  the  different 
processes — ^first,  with  ref  erenoe  to  their  efficiency  as  means 
of  cleansing  water  so  contaminated  ;  second,  with  reference 
to  their  cost ;  and  such  examination  included  analyses  and 
experiments  by  the  Commissioners  themselves,  ae  weK  as 
the  collection  of  evidence  from  other  sources.  Among 
other  experiments  may  be  mentioned  those  which  estab- 
lished the  value  of  the  method  of  land  treatment  which 
is  Tkow  known  as  intermittent  downward  filtration. 

61.  What  is  the  effect  of  the  Commissioners'  first  repoit 
as  to  the  various  processes  of  sewage  treatment? — The 
effect  of  the  Commissioners'  sunmiary  of  the  comparative 
merits  of  the  three  classes  of  processes  for  the  treatment 
of  sewage,  viz.,  chemical,  filtration,  and  irrigation,  may 
be  stated  thus  :  (1)  AH  these  processes  are  to  a  great  extent 
successful  in  removing  polluting  organic  matter  in  suspen- 
sion. But  filtration  is  best,  irrigation  ranks  next,  and  the 
chemical  processes  are  less  efficient.  (2)  But  for  removing 
organic  matters  in  solution  the  processes  of  downward 
intermittent  filtration  and  irrigation  are  greatly  superior 
to  upward  filtration  and  chemical  processes.  Twice  as 
much  polluting  matter  is  removed  by  downward  inter- 
mittent filtration  and  irrigation,  aji<l  looking  only  to  purity 
of  effluent  water  it  would  be  difficult  to  decide  between 
these  two  methods.  But — ^the  Commissioners  said — ^there 
are  obvious  reaeons  why  the  latter  (irrigation)  must  in  all 
but  very  rare  and  exceptional  instances  be  preferred  on 
economical  grounds.  Intermittent  filtration  is  a  costly 
process  with  no  possibility  of  any  return,  whilst  irrigation, 
although  it  may  in  the  first  instance  require  a  larger  outlay 
of  capital,  affords  a  hopeful  prospect  of  a  return  for  the 
capital  invested. 

62.  What  had  they  got  to  say  about  manufacturing 
pollutions? — ^With  regard  to  manufacturing  pollutions  the 
following  observations    of    the    Commissioners    may    be 
quoted: — "Of  the  many  pollv.ting  liquids  which  now 
"poison  the  rivers  of  the  Mersoy  and  Ribble  basins  we 
"feel  ourselves  justified  in  stating  that  there  is  not  one 
"  which  cannot  be  either  kept  out  of  the  streams  altogether 
"or  so  far  purified  before  admission  as  to  deprive  it  of 
"  its  noxious  character,  and  this  not  only  without  unduly 
"  interfering  with  manufacturing  operations  but  even  in 
"  some  instances  with  a  distinct  profit  to  the  manufacturer ; 
"and  even  in  those  cases  where  a  certain  amount  of 
"  expense  must  be  incurred  in  unremunerative  operations 
*•  the  upe  of  the  purified  stream  will  more  than  recompense 
"this  expenditure." 

63.  The  second  report  of  the  Rivers  Pollution  Commis- 
sioners was  also,  I  believe,  made  in  1870.  Have  you  any 
remarks  upon  that  report? — The  Fcoond  report  of  the 


Hi  vers'  Pollution  Commiasioners  was  concerned  with  a 
d  etailed  examination  of  the  A.  B.  C.  process.  In  this  report 
the  foLowing  passages  oocur :  ''  We  are  compelled  to  admit 
"  that  the  present  resources  of  this  science  (chemistry)  hold 
"  out  no  hope  that  the  foul  matters  dissolved  in  sewage  will 
'  be  precipitated  and  got  rid  of  by  the  application  of  chemi* 
"  cals  to  the  offensive  uquid."  Concerning  irrigation,  even 
after  experiments  with  strong  raw  sewage  on  a  stiff  c^y 
land,  the  Commiseioners  say :  "  We  have  never  taken  a 
"sample  of  effluent  sewage  that  had  been  subjected  on, 
"a  working  scale  to  any  other  cleansing  process,  which 
*•  was  not  still  so  highly  charged  with  putrescible  animal 
*'  matters  as  to  be  uttei'.y  unfit  for  admissiooi  into  running 
"  water.  Irrigation  is  the  only  process  of  cleansing  sewage 
"  which  has  stood  the  test  of  experience,  and  unless  it  be 
"  extensively  adopted  there  is  but  littie  hope  of  any  sub- 
*  stantial  improvement  in  our  sewage  poIUited  rivww." 

64.  Have  you  any  remarks  to  make  on  the  subse- 
quent reports? — The  third  report  of  the  Commissionera 
was  published  in  1871.  It  was  concerned  largely 
with  pollution  by  the  refuse  of  woollen  manu- 
facture. Their  general  conclusion  was  favourable  to 
irrigation  and  intermittent  filtration  as  appropriate 
cleansing  processes.  The  Commissioners  added  that  where- 
these  remedies  could  not  be  adopted  the  foul  liquids  might 
be  got  rid  of  by  evaporation.  The  fourth  report  of  the- 
Commissioners  was  iseued  in  1872.  It  dealt  in  the  maia 
wit/h  various  Scottish  rivers  ;  but  it  contained  conclusi<»ia 
and  recommendations  of  gezkeral  application.  Among 
these  were— (1)  The  suggestion  of  certain  revised  standards- 
of  purity ;  and  (2)  the  expression  of  the  Commissioners' 
opinion  that  any  law  having  for  luj  object  the  prevention, 
of  river  rpoEution  should :  (a)  enact  these  standards  of 
purity  below  which  any  liquid  discfharges  into  water  courses 
should  be  forbidden  ;  (6)  give  power  to  all  manufacturers- 
in  towns,  except  those  of  gas,  paraffin  oil,  pyroligneous  acid, 
and  animal  charcoal,  and  workers  in  metals,  to  discharge 
their  drainage  waters  into  the  town  sewers  under  suitable- 
regulatians ;  and  (c)  confer  additional  powers  on  corpora- 
tions, local  boards,  manufacturer,  and  others  to  take  land 
compulsorily  under  Provisional'  Order  for  the  purpose  of 
cleansing  sewage  or  other  foul  liquids,  eitlher  by  irrigation^ 
filtration,  or  otherwise.  The  fifth  and  last  report  was  pub- 
lished  in  1874.  It  dealt  mainly  with  river  pollution  from 
mining  operations,  and  from  various  kinds  of  industry  cox^ 
nected  with  metals. 

65.  That  deals  with  all  the  reports  of  the  Bivers'  Pollu- 
tion Commission,  does  it  not  7 — ^Yes. 

66.  But  there  was  another  Royal  Commission  going  on 
during  the  same  period,  was  there  not  ? — ^Yes.  While  the 
Bivers  Pollution  Commissioners  were  pursuing  their  in- 
vestigations there  had  been  appointed  in  1860  another 
Royal  Commission  to  inquire  into  and  report  upon  the 
operation  and  administration  of  the  sanitary  laws  outside 
the  Metropolis.  In  their  second  report,  which  was  issued 
in  1871,  the  Sanitary  Commission  said  that  on  the  subject 
of  sewage  disposal  they  forbore  to  recommend  any  mode 
of  operation.  They  added  :  "Your  Majesty  has  commis^ 
"  sioned  others  to  report  on  this  important  subject.  We 
'Meave  authorities  in  dealing  with  this  and  other  large 
"sanitary  requirements  to  carry  out  the  best  known 
"  methods."  A  result  of  the  recommendations  of  the 
Sanitary  Commission  was  the  constitution  of  the  Loci^ 
Government  Board.  The  Act  for  this  purpose  was  passed 
on  the  14th  of  August  1871. 

67.  Under  1872  have  you  anything  to  note? — On  the 
10th  of  August,  1872,  was  passed  the  Public  Health  Act> 
1872.  This  Act,  which  divided  the  country  into  urban 
and  rural  sanitary  districts,  very  materially  amended  the 
existing  law  with  regard  to  the  formation  of  united  dia- 
tricts  having  for  their  objects  {inter  alia)  the  making  of 
main  sewers  or  the  carrying  into  effect  of  systems  of 
sewerage  for  the  constituent  areas.  Additional*  facilitiea 
were  also  given  for  the  communication  of  the  sewers  of  a 
district  with  those  of  a  subjacent  district  for  purposes  of 
outfall  and  reception,  disinfection,  distribution,  and  dis- 
posal of  sewage. 

68.  So  far  as  concerns  the  subject  of  rivers  pollution  the 
Bill  for  the  Act  of  1872  was  of  wider  scope  than  the  Act 
itself  ?— Yes.  The  Bill  for  the  Public  Health  Act,  1872, 
had  embodied  proposals  for  a  more  extensive  amendment 
of  the  law  than  Parliament  at  the  time  was  prepared  to 
accept.  By  the  Bill  as  introduced  it  was  proposed  to  take 
power  by  Provisional  Orders  to  form  united  districts  for 
the  prevention  of  the  pollution  or  of  the  obstruction  of 
any  atrcams.  Further,  the  Bill  propo?ed  prohibitions 
against  putting  solid  matters,  peerage,  or  manufacturing 
refuse  into  streams.'  It  also  proposed,  following  the  re- 
commendation of  the  Rivers'  Pollution  Commissioners  in 
their  fourth  report,  to  prescribe  certain  detailed  standards 
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of  pollution,  with  power  to  the  Local  Govemmenb  Board 
to  vary  these  standards.  Further,  the  Bill  proposed  that 
it  should  be  the  duty  of  every  sanitiary  authority  to  cause 
to  be  analysed  in  conformity  with  the  directions  of  the 
Local  Government  Board,  any  sewage  matter,  or  filthy  or 
noxious  water  or  washings  of  manufactories  or  other  pol- 
luting liquid  falling  or  flowing  into  any  stream  within  the 
district  of  the  sanitary  authority. 

69.  Have  you  anything  to  record  under  1873  ? — In  1873 
another  attempt  was  made  in  a  separate  Bill — the  Pollu- 
tion of  Rivers  Prevention  Bill — ^to  obtain  Parliamentary 
^sanction  to  provisions  which  in  an  amended  and  extended 
form  reprotfuced  the  substance  of  some  of  the  clauses 
which  had  been  withdrawn  from  the  Public  Health  Bill 
of  1872.  This  Bill  of  1873  again  embodied  a  scale  of 
definitions  of  poLuting  liquids.  The  Bill  was  referred 
to  a  Select  Committee  of  the  House  of  Lords.  Much  of 
the  evidence  before  the  Ckmimittee  was  addressed  to  the 
support  of  and  objection  to  the  proposed  standards.  The 
Bill  was  reported  to  the  House  with  amendments  ;  but  no 
further  progress  was  possible. 

70.  And  what  are  the  next  dates  to  which  you  refer? — 
In  1875  there  was  an  important  measure  of  consolidation, 
▼iz.,  the  Public  Health  Act,  1875,  and  in  1876  the  Local 
Government  Board  issued  the  Beport  of  a  Committee 
appointed  by  the  President  to  inquire  into  the 
fieveral  modes  of  treating  town  sewage.  For  the  present 
purpose  it  may  be  thought  that,  as  unofficial  opinion  was 
not  represented  on  the  Committee,  its  conclusions  need^ 
not  be  discussed  in  any  detail.  I  therefore  confine  myself 
to  the  mention  of  the  facts  of  the  appointment  of  the  Com- 
mittee and  its  report.  Also  in  1876  was  passed  the  Rivers 
PoLution  Prevention  Act,  1876. 

71.  Then  you  have  nothing  further,  I  think,  to  note 
until  you  reach  the  year  1882?— On  the  22nd  of  June, 
1882,  was  appointed  a  Royal  Commission  to  "  inquire  into 
""  and  report  upon  the  system  under  which  sewage  is  dis- 
"  char{<ed  into  the  Thames  by  the  Metropolitan  Board  of 
"  Works,  whether  any  evil  effects  result  therefrom,  and 
*"  in  that  case  what  measures  can  be  applied  for  remedying 
""  or  preventing  the  same." 

72.  When  did  that  Commission  make  its  first  report? — 
The  first  report  of  the  Commission  which  bears  date  the 
31st  of  January,  1884,  related  solely  to  the  metropolitan 
system  of  sewage  disposal  and  its  effects. 

73.  The  second  report  was  also  made  in  1884,  was  it 
not? — ^Yes.  The  second  and  final  report  is  dated  the 
27th  of  November,  1884.  It  deals  with  remedial 
measures.  In  this  respect  it  hasmore  than  a  metropolitan 
interest.  It  contains  in  particular  much  valuaible  informa- 
tion upon  the  general  aspect  of  the  question  of  the  dis- 
posal of  town  sewage  with  a  summary  of  former  inquiries 
and  discussions  on  the  subject  It  then  describes  the  pro- 
ceedings of  the  Commission,  which  included  the  examina- 
tion of  many  technical  witnesses  and  visits  to  various 
towns. 

74.  Would  you  state  the  effect  of  the  conclusions  of  the 
Commissioners  as  far  as  they  bear  on  the  subject  for  our 
consideration? — ^The  report  gives  the  conclusions  of  the 
Commission  with  regard  to  methods  of  treatment — (1)  By 
broad  irrigation,  (2)  by  filtration  through  land,  (3)  by 
processes  of  deposition  or  precipitation,  (4)  by  precipitation 
supplemented  by  application  to  land.  Eliminating  from 
the  Commissioners'  conclusions  those  which  have  a  special 
reference  to  the  case  of  the  metropolis,  I  think  that  the 
following  passages  may  be  selected  as  deserving  of  quota- 
tion. As  to  broad  irrigation,  the  Commissioners  say : — 
^'  Although  there  are  many  points  in  regard  to  this  system 
^'  in  which  the  authorities  differ  in  opinion,  there  can  be 
''  no  doubt  of  the  general  condtuioii :  That  the  results  of 
"  experience  and  of  the  investigation  of  the  subject  by  the 
"most    competent    authorities    have  been  strongly  and 

almost  unanimously  in  favour  of  the  application  to  land 
as  in  every  respect  the  best  and  most  advisable  mode  of 
treating  sewage,  when  circumstances  will  admit  of  its 
*'use."       As  to  the  efficiency  of  purification  with  this 
system  the  Commissioners  observe  (par.  206)  :  *'  TTie  evi- 
*'  dence  shows  that  there  can  be  no  doubt  as  to  the  effi- 
cient purification  when  the  works  are  proper  and  the 
management  is  careful.       This,  indeed,  is   sufficiently 
proved  by  the  fact  that  the  effluent  under  these  con- 
"  dltions  is  considered  suitable  to  be  allowed  to  flow  into 
"running  streams  from  which  water  supply  is  drawn." 
The  Commissioners  also  were  of  opinion  that  this  method 
of  treatment  need  cause  no  danger  to  health ;  that  with 
proper  care  when  applied  on  a  moderate  scale  it  need 
cause  no  serious  nuisance  to  the  surrounding  neighbour- 
It  nod.  but  that  if  improperly  managed  nuisance  may  ariso 
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and  may  become  considerable;  and  that  there  may  be  a   Mr.A,D. 
danger  of  the  pollution  of  subsoil  waters.  Adrian,  o.b. 

75.  What  had  they  to  say  as  regards  land  filtration ?—  22 Juneisoe. 
They  said  they  were  of  opinion :  — '*  (1)  That  the  process 

*'has  great  scientific  merit,  and  offers  valuable  practical 
"  advantages  for  the  disposal  of  sewage  in  situations  where 
''broad  irrigation  is  impracticable,  and  where  land  suit- 
"  able  for  filtration  can  be  obtained  ;  (2)  That,  however,  it 
"  appears  desirable,  when  the  area  of  land  is  considerably 
''reduced,  that  the  sewage  should  be  previously  freated 
"  by  some  efficient  process  for  removing  the  sludge." 

76.  And  what  were  their  conclusions  respecting  the 
methods  of  deposition  or  precipitation  ? — ^With  regard  to 
the  methods  of  deposition  or  precipitation,  the  Commis* 
sioners  i^bint  out  that  by  chemical  precipitation,  the  sus- 
pended matters  may  be  almost  entirely  removed,  cr  in 
other  words  the  sewage  may  be  practically  clarified  (p. 
liii.).  They  further  say  that  "it  seems  also  to  be  the 
"  general  opinion  that  the  chemical  processes  in  their  best 
"form  will  also  have  some  effect  in  removing  noxioaa 
"  matter  in  solution.''  But  they  add  that  "  all  agree  thai 
"  a  considerable  amount  of  poUuting  matter  must  be  klk 
"in  the  effiuent." 

77.  They  also  stated  their  views,  I  believe,  with  rtgard 
to  precipitation  processes  combined  with  land  treatment  t 
— As  to  precipitation  supplemented  by  application  to 
land,  the  following  quotations  may  suffice  to  indicate  the 
Commissioners'  opinions. 

"In  discussing  the  treatment  of  sewage  by  chemical 
"precipitation  we  have  pointed  out  that  the  clarified 
"liquid,  though  improved,  still  contains  a  considerable 
"amount  of  impurity.  And  we  have  also  nt'liced  the 
"remarkable  effect  of  application  to  land  in  purifying 
"  sewage  water  from  its  noxious  properties.  Hence  it  is 
"a  natural  inference  that  if  these  two  processes  could 
"  be  combined,  that  is  to  say,  if  after  chemical  clarification 
"the  still  impure  liquid  could  be  applied  to  land,  the 
"purification  would  be  completelv  effected,  and  at  the 
"  same  time  some  advantage  might  be  gained  by  the  utilisa- 
tion of  the  fertilising  matter. 
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"The  application  to  land  might  be  either  by  surface 
"  irrigation  or  by  the  newer  process  of  filtration  through 
"  porous  beds,  the  latter  being,  however,  by  far  the  more 
"advisable  for  the  purpose  when  suitable  land  can  be 
"found.  For,  since  the  grosser,  impurities  have  already 
"been  abstracted,  the  complete  purification  might  be 
"  effected  by  a  smaller  area  of  land  than  when  the  whole 
"  contents  of  the  sewage  had  to  be  dealt  with." 

Finally,  in  their  general  conclusions  and  recommenda- 
tions the  Commissioners^  referring  to  the  liquid  effiueuif 
from  a  precipitation  process,  say :  — 

"We  believe  that  the  liquid  so  separated  would  not  be 
"sufficiently  free  from  noxious  matters  to  allow  of  its 
"being  discharged  at  the  present  outfalls  {i.e.,  into  the 
"Thames)  as  a  permanent  measure.  It  would  require 
"  further  purification  ;  and  this,  according  to  the  present 
"  state  of  knowledge,  can  only  be  done  effectually  b--  its 
"  application  to  land." 

78.  Now  you  are  drawing  very  near  the  end  of  your 
chronological  summary.  Are  there  any  further  facts  to 
record? — On  the  18th  of  August,  1890,  was  passed  the 
Public  Health  Acts  Amendment  Act,  1890.  This  is  an 
adoptive  Act.  It  deserves  mention  on  account  of  pro- 
visions, which  will  be  detailed  hereafter  in  the  sumiuaiy 
of  the  existing  law,  for  the  prohibition  of  the  discharge 
into  sewers  of  chemical  refuse,  waste  steam,  etc.  On  the 
27th  of  July,  1893,  was  passed  the  Rivers  Pollution  Pre- 
vention Act,  1893.1  The  object  of  this  measure  was  to  make 
it  quite  clear  that  the  offence  of  permitting  .-»ewage  to 
pass  into  a  stream  could  be  established  against  a  sanitary 
authority  even  though  the  sewers  vesting  in  the  Authority 
had  been  constructed  before  the  passing  of  the  Public 
Health  Act,  1875. 

79.  You  are  now,  Mr.  Adrian,  I  think,  about  to  state, 
with  some  needful  commentary-,  the  effect  of  the  existing 
law  with  reference  to  sewage  disposal.  Would  you  sav, 
in  the  first  place,  where  the  general  statute  law  is  to  be 
found  ? — ^It  may  be  said  that,  for  all  practical  purposes,  the 
fireneral  law  relating  to  sewage  disposal  in  England  and 
Wales  is  to  be  found  in  the  Public  Health  Act,  1875,  sup- 
plemented by  the  Bivers  Pollution  Prevention  Acts. 

80.  ^Tifl  wha^  f\Te  •'-on''  rpTnarks  on  the  Public  Health 
Act  of  1876?— The  Public  Health  Act,  1875,  being  a 
conaolidatiii*;  Act,  contains  provisions  which,  if  traced  to 
their  ori'z'n.  are  seen  to  bt'lon-;  to  the  legislrilion  of  8o:v»e 
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Mr.  A.  D.  one  or  other  of  the  three  periods  already  mentioned,  and 
Adrian,  o.B.  reflect,  even  in  their  present  context^  the  prevailing  ideas 
ttJonaisoa  A°<1  aims  of  the  period.     Thus,  when  we  attempt  a  broad 

classification  of  the  law  by  reference  to  the  powers  which 

it  confers,  and  the  restrictions  which  it  imposes,  we  ob^ 
serve  that,  aAtiuough  the  powers  as  now  used  may  be  made 
to  subserve  the  modem  purpose  of  river  protection,  they 
are  fundamentally  the  outcome  of  a  system  of  utilisation, 
or  of  the  profitable  application  of  sewage. 

81.  Would  you  give  the  effect  of  the  provisions  which 
you  arrange  in  the  first  class — ^that  is,  tlut  which  relates 
to  the  powers  of  local  authorities? — I  first  refer  to  the 
provisions  grouped  under  the  heading,  "Disposal  of 
Sewage."  These  sections  provide  as  follows : -—Section 
27.  **  For  the  purpose  of  receiving,  storing,  disinfecting, 
"  distributing,  or  otherwise  disposing  of  sewage,  any  local 
"authority  may  (1)  Construct  any  works  within  their 
"district,  or  (subject  to  the  provisions  of  this  Act  as  to 
"  sewage  works  without  the  district  of  the  local  ftuthority) 
"without  their  district;  and  (2)  contract  for  tiie  use 
"of,  purchase,  or  take  on  lease  any  land,  buildings, 
"  engines,  materials,  or  apparatus  either  within  or  with- 
**  out  their  district ;  and  (3)  contract  to  supply  for  any 
"  period  not  exceeding  twenty-five  years  any  person  with 
"sewage,  and  as  to  the  execution  and  costs  of  works, 
"  either  within  or  without  their  district,  for  the  purposes 
"  of  such  supply,  provided  that  no  nuisance  be  created  in 
**  the  exercise  erf  any  of  the  powers  given  by  this  section." 

Section  29.  "Any  local  authority  may  deal  with  any 
"  lands  held  by  them  for  the  purpose  of  receiving,  storing, 
"disinfecting,  or  distributing  sewage  in  such  manner  as 
"they  deem  most  profitable,  either  by  leasing  the  same 
**for  a  period  not  exceeding  twenty -one  years  for  agri- 
"culturad  purposes,  or  by  contracting  with  some  person 
"  to  take  the  whole  or  a  part  of  the  produce  of  such  land, 
"  or  by  farming  such  land  and  disposing  of  the  produce 
"  thereof  ;  subject  to  this  restriction,  that  in  dealing  with 
"  land  for  any  of  the  above  purposes  provision  shall  be 
"  made  for  effectually  disposing  of  all  the  sewage  brought 
'*  to  such  land  without  creating  a  nuisance." 

Section  30.  "  Where  any  local  authority  agree  with  any 
**  person  as  to  the  supply  of  sewage,  and  as  to  works  to 
"  be  made  for  the  purpose  of  such  supply,  they  may  con- 
"  tribute  to  the  expense  of  carrying  into  execution  by  such 
'^  person  all  or  any  of  the  purposes  of  such  agreement, 
''and  may  become  shareholders  in  any  company  with 
"which  any  agreement  in  relation  to  the  matters 
"aforesaid  has  been  or  may  hereafter  be  entered 
"into  by  such  local  authority,  or  to,  or  in  which 
"  the  benefits  and  obligations  of  such  agreement  may  have 
"  been  or  may  be  transferred  or  vested." 

82.  Do  you  note  any  subsidiary  provisions  in  connec- 
tion with  the  sections  conferring  the  powers  which  you  have 
just  described  ? — The  exercise  of  powers  of  this  description 
is  obviously  facilitated  by  enlarging  the  ability  of  the  in- 
dividual landowner  to  construct  the  works  needed  for  the 
efficient  distribution  of  the  sewage  supply  over  his  land. 
Accordingly  Section  31  provides  that "  the  making  of  works 
"of  distribution  and  service  for  the  supply  of  sewage  to 
"lands  for  agricultural  purposes  shall  be  deemed  *an 
"  improvement  of  land '  authorised  by  '  The  Improvement 
"  of  Land  Act,  1864,'  and  the  provisions  of  that  Act  shall 
"apply  accordingly,"  and  these  provisions  have  been  ex- 
tended by  subsequent  legislation,  e,g.y  The  Settled  Land 
Act,  188z,  the  detailed  effect  of  which  need  not  for  the 
present  puipose  be  specially  discussed. 

83.  Then  what  is  the  next  point  you  would  wish  to 
mention  in  connection  with  the  powers  of  a  local 
authority? — ^It  was  recognised  at  an  early  date  that  the 
operations  of  a  local  authority  were  often  seriously 
hampered  by  restricting  the  exercise  of  their  powers  to 
the  limits  of  their  own  district.  The  law  accordingly 
provides  (1)  for  separate  action  by  the  local  authority 
beyond  its  district ;  (2)  for  combination  of  local  authori- 

•  ties  by  agreement,  with  or  without  the  control  of  the 
central  authority ;  (3)  for  combination,  with  the  aid  of 
the  central  authority,  in  the  more  permanent  form  of  a 
Union  of  districts  ;  the  needful  powers  and  duties  being 
assigned  to  a  joint  board,  constituted  by  Provisional 
Order,  of  representatives  of  the  combining  areas. 

84.  What  example  can,  you  give  of  the  first  of  the 
three  modes  of  action? — ^Aji  example  of  the  first  method 
of  procedure,  viz.,  of  separate  action  by  a  local  authority 
beyond  the  limits  of  its  district,  is  to  be  found  in  the 
sections  headed  "  As  to  Sewage  Works  without  District," 
which  are  as  follows: — Section  32:  "A  local  authority 
**  shall,  three  months  at  least  before  commencing  the  con- 
^struction  or  extension  of  any  sewer  or  other  work  for 
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sewage  purposes  without  their  district,  give  notice  of 
the  intended  work  by  advertisement  in  one  or  more 
of  the  local  newspapers  circulated  within  the  district 
where  the  work  is  to  be  made.  Such  notice  shall  de- 
scribe the  nature  of  the  intended  work,  and  shall  state 
the  intended  termini  thereof,  and  the  names  of  the 
parishes,  and  the  turnpike  roads  and  streets  and  other 
lands  (if  any)  through  across  under  or  on  which  the  work 
is  to  be  made,  and  shall  name  a  place  where  a  plan  of  the 
intended  work  is  open  for  inspection  at  all  reasonable 
hours  ;  and  a  copy  of  such  notice  shall  be  served  on  the 
owners  or  reputed  owners,  lessees  or  reputed  lessees, 
and  occupiers  of  the  said  lands,  and  on  the  overseers 
of  such  parishes,  and  on  the  trustees,  surveyors  of  high- 
ways, or  other  persons  having  the  care  of  such  roads  or 
streets." 

Section  33 :  "  If  any  such  owner,  lessee  or  occupier,  or 
"any  such  overseer,  trustee,  surveyor,  or  other  person 
"  as  aforesaid,  or  any  other  owner,  lessee  or  occupier  who- 
"would  be  affected  by  the  intended  work,  objects  to 
^'such  work,  and  serves  notice  in  writing  of  such  objec- 
"tion  on  the  local  authority  at  any  time  within  the  said 
''three  months,  the  intended  work  shall  not  be  com- 
"menced  without  the  sanction  of  the  Local  Government 
"Board  after  such  inquiry  as  hereinafter  mentioned, 
"unless  such  objection  is  withdrawn." 

^^  Section  34 :  "  The  Local  Government  Board  may,  on 
1^  application  of  the  local  authority,  appoint  an  inspector 
"to  make  inquiry  on  the  spot  into  the  propriety  of  the 

I  intended  work  and  into  the  objections  thereto,  and  to 
"report  to  the  Local  Government  Board  on  the  matters 
"with  respect  to  which  such  inquiry  was  directed,  and 
''on  receiving  the  report  of  such  inspector,  the  Local 
"  Government  Board  may  make  an  order  disallowing  or 
"allowing,  with  such  modifications  (if  any)  as  they  mar 
"deem  necessary,  the  intended  work." 

In  connexion  with  these  provisions  may  be  noted  Sec- 
tion 16  of  the  Act,  the  first  paragraph  of  which  confers 
the  necessary  powers  for  enabling  the  local  authority  to 
carry  sewers  through,  across,  or  under  any  road  or  street^ 
or  place  intended  for  a  street,  or  under  any  cellar  or 
vault  which  may  be  under  the  pavement  or  carriageway 
of  any  street,  and  mto,  through,  or  under  any  lands 
within  their  district.  The  section  provides  that  the  local 
authority  '*  may  also  (subject  to  the  provisions  of  this  Act 
^  relating  to  sewage  works  without  the  district  of  the  local 

II  authority)  exercise  all  or  any  of  the  powers  given  by  this 
section  without  their  district  for  the  purpose  of  outfall  or 

"distribution  of  sewage." 

85.  Now  we  come  to  the  second  mode  of  action.  What 
are  the  provisions  relating  to  this  matter  ?— In  illustration 
of  the  second  course  of  proceeding,  viz.,  voluntary  com- 
bination of  local  authorities,  may  be  noted  Section  28. 
which  provides  that:— "The  local  authority  of  any  dis- 
tnct  may,  by  agreement  with  the  local  authority  of  any 
I' adjoining  district,  and  with  the  sanction  of  the  Local 
"Government  Board,  cause  their  sewers  to  communicate 
'I  with  the  sewers  of  such  last-mentioned  authority,  in 
''  such  manner,  and  on  such  terms,  and  subject  to  such 
'I  conditions  as  may  be  agreed  on  between  the  local  autho- 
"nties,  or,  in  case  of  dispute,  may  be  settled  by  the 
^^  Local  Government  Board,  provided  that  so  far  as  prac- 
ticable storm  waters  shall  be  prevented  from  flowing 
from  the  sewers  of  the  first-mentioned  authority  into 
the  sewers  of  the  lastrmentioned  authority,  and  that 

^^  the  sewage  of  other  dojtricts  or  places  shall  not  be  per- 
mitted by  the  first-mentioned  authority  to  pass  into 
^^  their  sewers  so  as  to  be  discharged  into  the  sewers  of  the 
last  mentioned  authority  without  the  consent  of  such 
hist-mentioned  authority."    Also  under  this  head  may 
be  mentioned  the  wider  power  of  Section  285,  which  pro- 
vides that:   "Any  local  authority  may,  with  the  consent 
of  the  local  authority  of  any  adjoining  district,  execute 
and  do  ui  such   adjoining  district  aU  or  any  of  such 
works  and  things  as  they  may  execute  and  do  within 
th^ir  own  district,  and  on  such  terms  as  to  payment  or 
otherwise  as  may  be  agreed  on  between  them  and  the 
local  authority  of  the  adjoining  district ;  moreover,  two 
^^  or  more  local  authorities  may  combine  together  for  the 
purpose  of  executing  and  maintaining  any  works  that 
may  be  for  the  benefit  of  their  respective  districts  or 
any  part  thereof." 

86.  Then  how  would  you  describe  the  third  mode  of 
procedure  ?— The  more  complete  and  lasting  form  of  com- 
bmation  is  that  which  ensues  upon  the  formation  of  a 
umted  district  under  the  jurisdiction  of  a  Joint  Board. 
The  provisions  relating  to  the  constitution  of  united  dis- 
tricts may  thus  be  summarised : — ^Any  one  or  more  local 
authorities  may  apply  to  the  Local  Government  Board 
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for  ihe  issue  of  a  Provisional  Order  to  form  their  districts 
or  qertain  coQtributory  places  therein  into  a  united  dis- 
trict for  {inter  alia)  the  making  of  a  main  sewer  or  the 
carrying  into  effect  of  a  s^tem  of  sewerage  for  the  use 
of  aU  the  districts  or  contributory  places,  or  for  any  other 
purposes  of  the  Public  Health  Act,  1875.  The  Local 
Gbvemmeht  Board,  upon  receipt  of  the  application,  direct 
«  local  inquiry  to  be  held,  and  if,  upon  a  consideration  of 
their  inspector's  report,  it  appears  to  the  Board  that  it 
would  be  for  the  advantage  of  ^he  districts,  or  any  of 
them,  or  any  parts  thereof,  or  of  any  contributory  places 
in  any  rural  district  or  districtsr  that  they  should  be 
formed  into  a  united  district,  the  Board  may  issue  a  pro- 
visional  order  providing  for  the  union  of  the  districts  or 
contributory  places.  In  such  a  case  the  united .  district 
would  be  governed  by  a  Joint  Board  consisting  of  such 
number  of  representatives  of  each  of  the  constituent 
authorities  as  might  be  provided  by  the  Order.  When 
the  Joint  Board  has  been  constituted  the  local  authorities 
having  jurisdiction  in  the  component  districts  or  contri- 
butory places  cease  to  exercise  therein  any  powers,  or  to 
perform  any  duties,  or  to  be  subject  to  any  liabilities  or 
obligations  which  the  Joint  Board  is  empowered  to  exer- 
cise or  perform  or  is  made  subject  to  ;  but  the  Joint  Board 
may  delegate  to  the  local  authority  of  any  component  dis- 
trict the  exercise  of  any  of  its  powers  or  the  performance 
of  any  of  its  duties. 

87.  Would  you  proceed  with.  th«  enumeration  of  the 
powers  of  the  local  authorities  ? — From  the  nature  of  the 
powers  conferred  upon  th«  Hocal  Authority  for  tftie  purpose 
of  sewage  disposal  it  k  manifest  that  facilities  for  tho 

acquisition  of  land  become  of  primary  importaoee.  Accord- 
ingly the  Public  Health  Act  provides  by  section  27  (2) 
that  any  local  authority  may  for  purposes  of  sewago 
4lispoeal  "contract  for  the  use  of,  purchase,  or  take  on 
lease  any  land"  .  .  .  either  within  or  without 
their  district"  Provisions  with  respect  to  the  purchase, 
leasing,  sale,  and  exchange  of  lands  for  tho  purposes  of  the 
Act  are  also  contained  in  sections  175  to  178.  Of  these 
ths  effect  may  be  briefly  stated  as  follows  :  ^-Section  175 
which  relates  to  voluntary  transactions  provides  that  any 
locsC  authority  may  for  tho  purposes  of  the  Act  purchase 
or  take  on  lease,  sell,  or  exchange  any  lands,  whether 
situated  within  or  without  their  district.  Vhey  may  also 
buy  up  any  water-mill,  dam,  or  weir  which  interferes  with 
the  proper  drainage  of  or  the  supply  of  water  to  their 
district  To  facilitate  the  acquisition  of  lands  section  176 
incorporates  certain  provisions  of  the  Lands  Clauses  Acts. 
It  also  provides  the  means  and  prescribes  the  regulations 
in  pursuance  of  which  a  local  authority  may,  through  the 
operation  of  a  Provisional  Order  to  be  made  by  the  Local 
Government  Board,  and  to  be  confirmed  by  Parliament, 
he  allowed  to  put  in  force  the  powers  of  the  Lands  Clauses 
Acts  for  the  purchase  of  lands  otherwise  than  by  agreement. 
Section  177  provides  for  the  letting,  with  the  consent  of 
ihe  Local  Government  Board,  of  land  which  belongs  to  a 
local  authority  and  can  conveniently  be  spared.  And 
section  178  facilitates  the  sale  to  loc&l  authorities  of  lands 
of  the  Duchy  of  Lancaster. 

88.  Have  you  anything  to  say  atbout  the  financial  aspect 
•of  the  matter  7 — ^It  is  important  lor  the  success  of  under- 
takings on  a  scaLe  adequate  to  the  needs  of  each  locality 
that  a  local  authority  should  <be  in  a  position  to  obtain  that 
relief  of  the  financial  burden  which  is  the  result  of 
spreading  csfpital  outlay  over  a  te/na  of  years.  The  Act 
consequently  confers  borrowing  powers  upon  local 
authorities,  subject  to  certain  restrictions,  and  it  aiiso 
provides  that  the  Public  Works  Loan  CommissionetB  may 
advance  the  money  to  the  authority  at  a  low  rate  of  interest, 
^me  of  the  more  important  regulations  affecting  the  loams 
of  local  authorities  may  be  found  in  Section  234,  and  are 
thus  summarised  :  (1)  Money  mtist  not  be  borrowed  except 
for  permanent  works  (including  under  this  expression  any 
woiks  of  which  the  cost  ought  in  the  opinion  of  the  Jjoch'. 
Government  Board  to  be  spread  over  a  term  of  years)  ; 
(2)  the  sum  borrowed  must  not  at  any  time  exceed,  with 
the  balances  of  all  the  outstanding  loans  contracted  by  Iflie 
local  authority  under  the  Sanitary  Acts  and  the  Pubic 
Health  Act,  in  the  whole  the  assessable  value  for  two  years 
of  the  premises  assessable  within  the  district ;  (3)  where 
the  sum  proposed  to  be  borrowed  with  such  balances  (if 
say)  would  exceed  the  assessable  value  for  one  year  of 
such  premises,  the  Local  Government  Board  shall  not  ^ive 
their  sanction  to  such  loan  until  one  of  their  inaijectors 
has  held  a  local  inquiry  and  reported  to  the  Board ; 
f4)  the  money  may  be  borrowed  for  such  time,  not  exceed- 
ing sixty  years,  as  the  local  autihority,  with  the  sanction 
of  the  Locsl  Gi-vemmcnt  Board,  determine  in  each  case. 
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An  exceptional  method  of  raising  money  is  also  permissible  Mr.  A.  D. 
where  any  local  authority  are  poBsesseuL  ot  any  land,  works,  -Adrisn.o.s, 
or  other  property  for  the  puiposes  of  disposal  of  eewags.  ssjumisob. 
Such  an  authority  may  borrow  any  moneys  on  the  credit     — 
of  and  may  mortgage  their  sewage  lands.     The  moneys 
so  borrowed  must  be  apnlied  for  purposes  for  which  moneys 
may  be  borrowed  under  the  Public  Health  Act.      This 
power  of  borrowing,  where  the  sums  borrowed  do  not  ex- 
ceed three-fourths  of  the  purchase  money  of  the  lands,  is 
to  be  deemed  to  be  distinct  from  and  in  addition  to  the 
general  borrowing  powers  conferred  on  a  local  authority  by 
the  Act  (s.  235).    Joint  Boards  have,  for  the  purposed  of 
their  constitution,  like  powers  of  borrowing  on  the  credit 
of  any  fund  or  rate  applicable  by  them  to  purposes  of  the 
Public  Health  Act  or  on  the  credit  of  sewage  land  and  plant 
as  are  conferred  on  local  authorities  (s.  244). 

89.  Before  passing  from  the  enumeration  of  the  powers 
of  local  authorities  you  may  wish  to  notice  a  few  mis- 
cellaneous provisions  ? — Among  minor  matters  auxiliary  to 
a  scheme  of  sewage  disposal  may  be  mentioned — (a)  the 
power  which  local  authorities  possess  under  Section  51  of 
providing  their  districts  or  parts  thereof  with  a  supply 
of  wsjtw  proper  and  sufficient  for  public  and  private 
purposes  ;  (6)  the  power  of  a  local  authority  to  take  pro- 
ceedings for  protecting  watercourses  within  their  districts 
from  pollutions  arising  out  of  sewage  (s.  69)  ;  the  jwww 
to  enter,  examine,  or  lay  open  any  lands  or  premises  for 
the  purpose  of  making  plans,  burveying,  measuring, 
taking  levels,  making,  keeping  in  repair  or  examining 
works,  etc.,  so  often  as  may  be  necessary  (s.  305) ;  and 
the  power  to  take  proceedings  against  persons  obstructing 
the  local  authority  in  the  execution  of  their  powers  or 
damaging  works  or  property  belonging  to  thenj  (Sections 
306,  307,  and  308). 

ft  I 

90.  Well,  we  coiuu  now  to  tl^e  provisions  that  may  be 
classed  as  rea^trictive,  and,  first,  will  you  deal  with  those        ' 
in  the  Public  Health  Act  ? — The  restrictions  so  far  as  the 
Public  Health  Act,  1875,  is  concerned,  are  those  contained 

in  Section  17  and  in  Sections  327  to  333.  The  first  of 
these  sections  provides  that  "Nothing  in  this  Act  shall  , 
**  authorise  any  local  authority  to  make  or  use  any  sewer, 
"  drain,  or  outfall  for  the  purpose  of  conveying  sewage  or 
*^  filthy  water  into  any  natural  stream  or  watercourse,  or 
"  into  any  canal,  pond,  or  lake  until  such  sewage  or  filthy 
*'  water  is  freed  from  all  excrementitious  or  other  foul  or 
'' noxious  matter  such  as  would  affect  or  deteriorate  the 
"purity  and  quality  of  the  water  in  such  stream  oi 
"  watercourse  or  in  such  canal,  pond,  or  lake."  The  re- 
maining sections  forbid  the  local  authority  to  use,  injure, 
or  interfere  with  protective  or  improvement  works  con- 
structed by  private  individuals  or  public  bodies  without  the 
consent  of  such  parties.  Some  of  the  more  important  of 
these  provisions  are  as  follows :  Nothing  in  the  Public 
Health  Act,  1875,  is  to  be  construed  to  authorise  a  locid 
authority  to  interfere  with  any  watercourse  in  such 
manner  as  to  injuriously  affect  the  supply  of  water  to  any 
river,  canal,  dock,  harbour,  reservoir,  or  basin,  in  cases 
where  any  body  of  persons  or  person  would,  if  the  Act 
had  not  passed,  have  been  entitled  by  law  to  prevent  or 
be  relieved  against  such  interference,  without  the  con- 
sent in  writi^  in  every  case  of  such  body  of  persons  or 
person  (s.  327).  Section  332  provides  that  nothing  in 
the  Public  Health  Act  shall  be  construed  to  '' authorise 
"  any  local  authority  to  injuriously  affect  any  reservoir, 
"canal,  river,  or  stream  or  the  feeders  thereof,  or  the 
"  supply  quality  or  fall  of  water  contained  in  any  reservoir, 
"  canal,  river,  stream,  or  in  the  feeders  thereof,  in  cases 
"  where  any  body  of  persons  or  person  would,  if  this  Act 
"  had  not  passed,  have  been  entitled  by  law  to  prevent 
"or  be  relieved  against  the  injuriously  affecting  such 
"  reservoir,  canal,  river,  stream,  feeders,  or  such  supply, 
"  quality,  or  fall  of  water,  unless  the  local  authority  first 
"  obtain  the  consent  in  writing  of  the  body  of  persons  or 
"person  so  entitled  as  aforesaid." 

01.  Having  dealt  with  the  restrictions  imposed  by  the 
Public  Health  Act  of  1875,  would  you  proceed  to  discusi 
the  effect  of  the  iRivers  Pollution  Prevention  Acts  ? — ^The 
series  of  restrictions  to  be  found  in  that  portion  of  the 
Rivers  Pollution  Prevention  Acts  which  relates  to  sewage 
pollution  affects  the  action  of  local  authorities  as  well  as 
that  of  other  persons.  The  general  rule  which  the  Hi  vers 
Pollution  Prevention  Acts  are  intended  to  enforce,  may, 
in  the  language  of  Section  3  of  the  Act  of  1876,  be  stated 
as  follows  :  — ^Every  person  (that  is  to  say,  not  only  every 
individual  but  every  body  of  persons  whether  corporate 
or  unincorporate)  who  causes  to  fall  or  flow,  or  knowingly 
permits  to  fall  or  flow,  or  to  be  carried  into  any  stream, 
any  solid  or  liquid  sewage  matter  shall   be   deemed  to 
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Mr.  A.  2>.  luive  committed  an  offence.  This  rule  is  subject  to 
ildrian,  q.b.  conditions  which  may  be  classified  as  (1)  designed  to  relieve 
ssjnnei898.  ^^®  offender,  and  (2)  designed  to  fix  the  responsibility  of 
the  sanitary  authority  in  certain  circumstances.  The  con- 
ditions of  the  first  class  may  be  thus  summarised :— 7(0) 
Where  sewage  matters  falls  or  flows,  or  is  carried  into 
any  stream  along  a  channel  used,  constructed,  or  in  pro- 
cess of  construction  for  conveying  sewage  matter  at  the 
date  of  the  passing  of  the  Act  of  1^6 — that  is,  on  the  15th 
of  August,  1876 — the  person,  whether  an  individual  or  a 
corporate  or  unincorporate  body,  causing  or  knowingly  per- 
mitting the  sewage  matter  so  to  flow  or  fall,  or  to  be 
carried,  shall  not  be  deemed  to  have  committed  an  offence 
if  he  shows  to  the  satisfaction  of  the  Court  having  cog< 
nisance  of  the  case  that  he  is  using  the  best  practicable 
and  available  means  to  render  harmless  the  sewage  matter 
so  falling  or  flowing  or  carried  into  the  stream.  (6)  Where 
the  Local  Government  Board  are  satisfied,  after  local  in- 
quiry, that  further  time  ought  to  be  granted  to  a  sanitary 
authority  which  at  the  date  of  the  passing  of  the  Act  of 
1876  was  discharging  sewage  matter  into  any  stream  or 
permitting  it  to  be  so  discharged  by  any  such  channel  as 
aforesaid  for  the  purpose  of  enabling  such  authority  to 
adopt  the  best  practicable  and  available  means  for  render- 
ing harmless  such  sewage  matter,  the  Local  Government 
Board  may  by  order  declare  that  this  section  (that  is,  Sec- 
tion 3  of  Uie  Bivers  Pollution  Prevention  Act,  1876)  shall 
not,  so  far  as  regards  the  discharge  of  sewage  matter  by 
such  channel,  be  in  operation  until  the  expiration  of  a 
period  to  be  limited  in  the  Order,  which  Chrder  may  be 
renewed  from  time  to  time  subject  to  such  conditions,  if 
any,  as  the  Board  may  see  fit.  (c)  A  person  (including  a 
body  whether  corporate  or  unincorporate)  shall  not  be 
guilty  of  an  offence  in  respect  of  the  passing  of  sewage 
matter  into  a  stream  along  a  drain  communicating  with 
any  sewer  belonging  to,  or  under  the  control  of  a  sanitary 
authority,  provided  he  has  the  sanction  of  the  sanitary 
authority  for  so  doing.  The  condition  of  the  second  class, 
which  I  have  described  as  designed  to  fix  the  responsibility 
of  the  sanitary  authority,  is  to  be  foimd  in  Section  1  of 
ihe  Bivers  Pollution  Prevention  Act,  1893.  That  section 
is  as  follows :  "  Where  any  sewage  matter  falls  or  fiows, 
**  or  is  carried  into  any  stream  after  passing  through  or 
"  along  a  channel  which  is  vested  in  a  sanitary  authority, 
"the  sanitary  authority  shall  for  the  purposes  of  Section 
"  three  of  the  Rivers  Pollution  Prevention  Act,  1876,  be 
''deemed  to  knowingly  permit  the  sewage  matter  so  to 
"  fall,  flow,  or  be  carried." 

61*.  What  is  your  next  point  in  your  summary  of  the 
law  relating  to  river  pollution  ?— Li  the  foregoing  state- 
ments we  have  the  sul&tance  of  the  general  law  respecting 
the  prevention  of  river  pollution  by  sewage  matter.    The 
next  point  to  be  noticed  is  the  administration  of  thia  law. 
Li  the  first  place,  it  may  be  observed  that  proceedings  may 
be  instituted  in  respect  of  an  offence  of  this  description  by 
any  person  aggrieved  by  the  commission  of  such  offence. 
Secondly,  every  sanitary  authority  may  enforce  the  law 
in  relation  to  any  stream  being  within  or  passing  through 
or  by  any  part  of  their  district     They  may  institute  pro- 
ceedings against  any  other  sanitary  authority  or  person 
whether  such  offence  is  committed  within  or  without  the 
district  of  the  firstruamed  sanitary  authority  (a.  8  of  the 
Act  of  1876).      Thirdly,   the   Lee  Conservancy  Board, 
besides    exercising    special   powers    conferred     by   the 
Bivers     Pollution     Prevention     Act,     1876,     for     en- 
forcing    provisions     of     the     Lee     Conservancy    Act, 
1868,  have  within  the  area  of  their  jurisdiction,  to  the  ex- 
clusion of  any  other  authority,  the  powers  of  a  sanitary 
authority  for  enforcing  the  provisions  of  the  Rivers  Pollu- 
tion Prevention  Acts  (Section  9  of  the  Act  of  1876). 
Fourthly,  a  County  Council  in  addition    to    any   other 
authority  may  enforce  the  law  in  relation  to  so  much  of 
any  stream  as  is  situated  within  or  passes  through,  or  by 
any  part  of  their  county,  and  for  that  purpose  have  the 
powers   and   duties   of   a  sanitary    authority   or  other 
authority  empowered  to  enforce  the  provisions  of  the  Acts. 
Fifthly,  a  Joint  Committee  or  other  body  representing  all 
the  Administrative  Counties  through,  or  by  which  a  river 
or  any  specified  portion  of  a  river  or  any  tributary  thereof 
passes,    m«-  be  constituted  by  the  Local  Government 
Board  by  Provisional  Order,  and  this  Order  may  confer  on 
the  Committee  or  body  all  of  the  powers  of  a  Sanitary 
Authority  under  the  Rivers  Pollution  Prevention  Acts,  or 
such  of  u*ose  powers  as  may  be  specified  in  the  Order 
(Section  14  of  the  Local  Government  Act  of  1883). 

9^.  Now,  what  have  you  to  say  respecting  the  proceed- 
ings for  enforcing  the  law  against  river  pollution  ? — ^With 
regftfd  to  the  nature  of  the  legal  proceedings  to  be  taken 


for  enforcing  the  Rivers  PoLution  Prevention  Acts  as  re* 
spects  sewage  pollution,  it  may  in  the  first  place  be  noted 
that  such  proceedings  may  not  in  any  case  be  taken  until 
the  expiration  of  two  months  after  written  notice  to  the 
offender,  nor  may  they  be  taken  while  other  proceedings 
in  relation  to  the  same  offence  are  pending  (Section  i^ 
of  the  Act  of  1876).  Next,  it  may  be  ooserved  that 
the  Court  having  jurisdiction  in  the  matter  is  the 
County  Court;  that,  to  aid  the  Court  in  its  de- 
cisions, it  has  authority  to  remit  to  skilled 
parties  to  report  on  the  best  practicable  and  available 
means  for  rendering  sewage  matter  harmless,  and  the 
nature  and  cost  of  the  works  and  apparatus  required  ;  and 
that  these  experts  are  in  all  cases  to  take  into  considera- 
tion the  reasonableness  of  the  expense  involved  in  their 
report.  The  jurisdiction  of  the  Court  is  exercisable  by 
summary  order.  This  order  may  require  abstention  from 
the  commission  of  an  offence  or  may  require  the  perform- 
ance  of  a  statutory  duty.  The  order  may  contain  condi- 
tions as  to  time  or  mode  of  action.  It  may  be  suspended 
or  rescinded  on  such  undertaking  being  given  or  condi- 
tion being  performed  as  the  Coiut  may  think  just,  and 
the  Court  may  give  such  directions  for  carrying  into  effect 
any  order  as  to  the  Court  seems  meet.  Default  is  punish- 
able by  a  penalty  not  exceeding  £50  a  day,  and  enforceable 
as  in  the  case  of  a  debt.  In  case  of  persistent  disobedience 
a  person  may  be  appointed  to  carry  the  order  into  effect 
(Section  10).  Parties  aggrieved  by  the  decision  of  the 
County  Court  in  point  of  law,  or  on  the  merits,  or  in  re- 
spect of  the  admission  or  rejection  of  evidence  may  appeal 
to  the  High  Court  (Section  11).  Further  in  relation  to 
legal  proceedings  the  provisions  of  Section  12  of  the  Rivera 
Pollution  Prevention  Act,  1876,  require  speci^d  mention. 
Under  that  enactment  a  certificate  granted  by  an  Inspector 
of  proper  qualifications  appointed  by  the  Local  Govern- 
ment Board  to  the  effect  that  the  means  used  for  rendering 
harmless  any  sewage  matter  are  the  best  or  only  practi- 
cable and  available  means  under  the  circumstances  of  the 
particular  case  is  in  all  courts  and  proceedings  to  be  con- 
duflive  evidence  of  the  fact  The  certificate  is  to  continue 
in  force  for  a  period  to  be  named  therein  not  exceeding  two 
years,  and  may  be  renewed.  A  party  aggrieved  by  the 
grant  or  withholding  of  a  certificate  may  appeal  to  the 
Board,  who  may  either  confirm,  reverse  or  modify  the 
Inspector's  decision. 

92*.  Have  you  any  other  point  before  we  pass  from  the 
discussion  of  the  law  relating  to  sewage  poUution? — The 
definition  of  the  word  "  Stream,"  as  used  in  the  Rivers 
Pollution  Prevention  Acts  should  be  noticed.  The  effect 
of  Section  20  of  the  Act  of  1876  is  that  the  expression  in- 
cludes rivers,  streams,  canals,  lakes,  and  watercourses, 
other  than  watercourses  at  the  passing  of  the  Act  mainly 
used  as  sewers  and  emptying  directly  into  the  sea,  or 
tidal  waters.  But  there  may  also  be  included  the  sea  to 
such  extent  and  tidal  waters  to  such  point  as  may,  after 
local  inquiry  and  on  sanitary  grounds  be  determined  by 
the  Local  Government  Board  by  order  published  in  the 
"London  Gazette." 

93.  Would  you  now  state  the  effect  of  the  statute  law 
for  the  prevention  of  river  pollution  by  manufacturing 
refuse? — Much  of  the  preceding  statement  of  the  law 
with  respect  to  the  prevention  of  sewage  pollution  applies 
to  the  prevention  of  manufacturing  poldution.  The  main 
point  of  difference  in  the  treatment  of  the  two  subjects  is 
the  special  restriction  upon  proceedings  against  alleged 
offenders  of  the  manufacturing  type.  For  the  description 
of  the  offence  with  which  the  Rivers  Pollution  Prevention 
Acts  are  concerned  reference  may  be  made  to  Section  4 
of  the  Act  of  1876.  From  that  it  appears  that  every 
person  who  causes  to  fall  or  flow  or  knowingly  permits  to 
fall  or  flow  or  to  be  carried  into  any  stream  any  poisonoua, 
noxious,  or  polluting  liquid  proceeding  from  any  factory 
or  manufacturing  process  shall  be  deemed  to  have  com- 
mitted an  offence  against  the  Act.  Upon  lines  somewhat 
similar  to  those  followed  in  the  enactment  against  sewage 
pollution  the  section  proceeds  thus: — ^" Where  any  such 
"  poisonous,  noxious,  or  polluting  liquid  as  aforesaid  falls 
**  or  flows  or  is  carried  mto  any  stream  along  a  channid 
''  used,  constructed,  or  in  process  of  construction  at  the 
"date  of  the  passing  of  this  Act,  or  any  new  channel 
"  constructed  in  substitution  thereof,  and  having  its  out- 
"  fall  at  the  same  spot,  for  the  purpose  of  conveying  such 
"  liquid,  the  person  causing  or  knowingly  permitting  the 
"  poisonous,  noxious,  or  polluting  liquid,  so  to  fall  or  flow 
''  or  to  be  carried  shall  not  be  deemed  to  have  committed 
"an  offence  against  this  Act  if  he  shows  to  the  satisfac- 
"  tion  of  the  Court  having  cognisance  of  the  case  that  he 
"is  using  the  best  practicable  and  reasonably  available 
"means  to  render  harmless  the  poisonous,  noxious,  or 
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"poKuting  liquid  so  falling  or  flowing  or  carried  into  the 
"atream." 

94.  Have  you  anything  to  say  about  the  restrictions 
upon  proceedings  against  offenders  where  manufacturing 
pollution  is  in  question  ?— The  restrictive  provisions  which 
control  proceedings  for  offences  against  this  part  of  the 
Bivers  FoBution  Prevention  Act,  1876,  may  be  classified 
(1)  as  affecting  the  local  authority,  and  (2)  as  affecting 
the  central  authority. 

95.  Would  you  state,  first,  please,  the  effect  of  the 
restrictions  on  the  local  authority  ?— The  provisions  under 
the  first  head  may  be  summarised  as  fo Jows :  — (1)  Pro- 
ceedings may  be  taken  only  by  a  sanitary  authority  ;  ai.d 
a  sanitary  authority  must  first  obtain  the  consent  of  the 
Local  Government  Board.  But,  if  the  sanitary  authority, 
on  the  application  of  an  interested  person  alleging  an 
offence,  refuse  to  take  proceedings  or  to  apply  for  the 
necessary  consent,  the  interested  pereon  may  Apply  to 
the  Local  Government  Board.  In  that  cise,  if  the  LooaI 
Giovemment  Board,  on  inquiry,  are  of  opinion  that  the 
sanitary  authority  should  take  proceedings  the  Board 
may  direct  the  sanitary  authority  accordingly,  who  must 
thereupon  commence  proceedings.  (2)  A  further  restric- 
tion upon  the  action  of  the  sanitary  authority  may  be 
imposed  at  the  instance  of  the  alleged  offender.  Not- 
withstanding any  consent  of  the  Local  Government  Board 
he  may  object  before  the  sanitary  authority  to  the  pro- 
ceedings being  taken.  The  authority,  if  required  by  him 
in  writing,  must  afford  him  an  opportunity  of  being  heard. 
Thereupon  the  authority  must  allow  him  to  be  heard  by 
himself,  agents,  and  witnesses.  After  inquiry  the 
authority  must  determine,  having  regard  to  all  liie  con- 
siderations to  which  the  Local  Government  Board  (as  will 
hereafter  be  seen)  are  directed  to  have  regard,  whether 
such  proceedings  shall  or  shall  not  be  taken.  (3)  Where 
a  sanitary  authority  has  taken  proceedings,  it  dhall  itot 
be  competent  to  other  sanitary  authorities  to  take  pro- 
ceedings till  the  party  against  whom  the  proceedings  are 
intended  has  failed  in  reasonable  time  to  carry  out  the 
order  of  a  competent  Court. 

96.  Would  you  next  state  the  restrictions  that  affect 
the  Central  Authority? — ^Bestrictions  applicable  to  the 
Central  Authority  are  the  following :  -— (l)  The  Local 
Government  Board  in  giving  or  withholding  their  consent 
to  proceedings  must  have  regard  to  the  industrial  interests 
involved  in  the  case  and  to  the  circumstances  and  require- 
ments of  the  locality ;  (2)  the  Local  Government  Board 
must  not  give  their  consent  to  proceedings  by  the  nanitary 
authority  of  any  district  which  is  the  seat  of  any  menu- 
facturing  industry,  unless  they  are  satisfied,  after  due 
inquiry,  that  means  for  rendering  harmless  the  poisonous, 
noxious,  or  polluting  liquids  proceeding  from  the  pro- 
cesses of  such  manufactures  are  reasonably  practicable 
and  available  under  all  the  circumstances  of  the  case,  and 
that  no  material  injury  will  be  inflicted  by  such  pro- 
ceedings on  the  interests  of  such  industry. 

97.  Are  there  any  further  statutory  provisions  deserving 
of  notice  with  regard  to  refuse  from  manufacturing  pro- 
cesses ? — ^Lastly,  under  the  heads  of  Manufacturing  P^u- 
tions  and  Administration  of  Law  it  may  be  desirable  to 
draw  special  attention  to  an  important  provision  with 
respect  to  facilities  for  the  drainage  of  liquids  from  manu- 
facturing processes.    This  is  contained  in  Section  7  of  the 
Bivers  Pollution  Prevention  Act,  1876,  which  is  in  the 
following  terms :    Every  Sanitary  or  other  Local  Authority 
"  having  sewers  under  their  control  shall  give  facilities  for 
"  enablmg  manufacturers  within  their  district  to  carry  the 
**  liquids  proceeding  from  their  factories  or  manufacturing 
"  processes  into  such  sewers.     Provided  that  this  section 
"  shall  not  extend  to  compel  any  Sanitary  or  other  Local 
"Authority  to  admit  into  their  sewers  any  liquid  which 
"would  prejudicially  affect  such  sewers  or  the  disposal 
"  by  sale,  application  to  land  or  otherwise,  of  the  sewage 
"matter  conveyed  along  such  sewers,  or  which  would 
''from  its  temperature  or  otherwise  be  injurious  in  a 
"sanitary  point  of  view.     Provided  also,  that  no  Sanitary 
"Authority  shidi  be  required  to  give  such  facilities  as 
"aforesaid  where  the  sewers  of  such  Authority  are  only 
"sufficient  for  the  requirements  of  their  district,  nor 
''  where  such  facilities  would  interfere  with  any  order  of 
"any  Court  of  competent    jurisdiction  respecting    the 
"sewage  of  such  Authority.''    And  in  connection  with 
these  provisoes  mention  may  be  made  of  the  prohibitory 
enactments  which  the  Local  Authority  may  apply  to  their 
district  by  adoption  of  Part  3  of  the  Public  Health  Acts 
Amendment  Act,  1890.   In  that  part  is  comprised  Set^tion 
17,  of  which  sub-section  (1)  is  in  the  following  terms, — 
"Every  person  who  turns  or  permits  to  enter  into  any 
"  sewer  of  a  Local  Authority  or  any  drain  communicating 
"therewith  (a)  Any  chemical  refuse,  or  (6)  Any  waste 
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'*  steam,  condensing  water,  heated  water  or  other  liquid    Mr  a  P 
^  (such  water  or  other  liquid  being  of  a  higher  tempera-  Adrian,o.i, 
11  ture  than  one  hundred  and  ten  degrees  of  Fahrenheit),  22Jili7iao8. 

which,  either  alone  or  in  combination  with  the  sewage, 

''causes  a  nuisance  or  is  dangerous  or  injurious  to  health, 
"shall  be  liable  to  a  penalty  not  exceeding  ten  pounds,' 
"  and  to  a  daily  penalty  not  exceeding  five  pounds.*'^  Also, 
as  a  provision  relating  to  chemical  refuse,  Section  5  of  the 
Alkali,  Etc,  Works  Regulation  Act,  1881  (44  ?ind  45 
Vict.  c.  37)  mav  be  noticed.  This  enactment  requires 
every  work  in  which  acid  is  produced  or  used  to  be  carried 
on  in  such  a  manner  that  the  acid  shall  not  come  in  con- 
tact with  alkali  waste  or  with  drainage  therefrom  so  as  to 
cause  a  nuisance.  The  section  further  provides  as 
follows:— "On  the  request  of  the  owner  of  any  such 
''work  ....  the  Sanitary  Authority  .... 
"shall  at  the  expense  of  such  owner  provide  and  niain- 
"  tain  a  drain  or  channel  for  carrying  off  the  acid  produced 
"in  such  work  into  the  sea  or  into  any  river  or  water- 
" course  into  which  such  acid  can  be  carried  without 
"  contravention  of  the  Rivers  Pollution  Prevention  Act, 
"  1876,  and  the  Sanitary  Authority  shall  for  the  purpose 
'J  of  providing  any  such  drain  or  channel  have  the  like 
"  powers  as  they  have  for  providing  sewers  whether  with- 
"m  or  without  their  district  under  the  Public  Health 
"Act.  Compensation  shall  be  made  to  any  person  for 
"any  damage  sustained  by  him  by  reason  of' the  exercise 
''  by  a  Sanitary  Authority  of  the  powers  conferred  by 
"this  section,  and  such  compensation  shall  be  deemed 
"  part  of  the  expenses  to  be  paid  by  the  owner  mAlring 
"  the  request  to  the  Sanitary  Authority  under  this  section?^ 

98.  There  has  been  recent  litigation  arising  out  of  an 
attempt  by  a  manufacturer  to  compel  the  Local  Authority 
to  admit  liquid  refuse  into  their  sewers  ? — ^Yes. 

99.  Will  you  kindly  tell  me  what  that  case  was  ?— Yes. 
The  case  is  that  of  Peebles  v.  the  Oswaldtwistle  Urban 
District  Council. 

100.  And  it  was  carried  to  the  House  of  Lords,  was  it 

not  ?— Yes. 

101.  Can  you  give  us  a  brief  account  of  the  proceedings  1 
— ^Peebles,  a  paper  maker,  the  owner  and  occupier  of  a 
factory,  and,  subsequently  to  his  death,  his  executors  and 
a  company  to  whom  the  business  had  been  sold,  claimed 
in  an  action  against  the  Oswaldtwistle  Local  Board  a  man- 
damus to  compel  the  Local  Board  (1)  to  cause  to  be  made 
such  sewers  as  might  be  necessary  for  effectually  draining 
their  district  for  the  purpose  of  the  Public  Health  Act, 
1875,  and  (2)  to  give  facilities  for  enabling  the  plaintiff  to 
carry  liquid  from  his  factories  or  manufacturing  processes 
into  the  sewers  under  their  control.     As  to  the  first  point, 
it  was  contended,  on  behalf  of  the  defendants,  that  no 
such  writ  could  be  granted  because  the  remedy  (if  any)  it 
a  complaint  to  the  Local  €k)vemment  Board  in  pursuance 
of  Section  299  of  the  Public  Health  Act,  1876.     As  to 
the  second  point  the  contention  was  that  the  remedy  (if 
any)  was  by  procedure  under  Section  10  of  the  Rivera 
Pollution  Prevention  Act,  1876.    Mr.  Justice  (Charles  in 
the  Queen's  Bench  Division  took  the  view  that  the  owner 
or  occupier  of  a  factory  was  entitled  under  Section  21 
of  the  Public  Health  Act,  1875,  to  connect  his  premises 
by    a    drain    with    a    sewer    of    the    local    authority, 
and    to    use    the    drain    to    its    utmost    capacity    by 
passing  into  it  liquids  of  all  kinds,  not  being  liquids 
injurious  to  health.     He  also  held  that  Section  299  did 
not  apply,  and  that  the  plaintiffs  were  entitled  to  a 
mandamus.    On  the  other  point  arising  out  of  Section  7 
of  the  Rivers  Pollution  Prevention  Adi,  1876,  his  judg- 
ment was  in  favour  of  the  defendants,  as  a  sufficient  and 
appropriate  remedy  had  been  provided  in  Section  10,  the 
County  Court  being  thereby  constituted  the  proper  tri- 
bunal to  enforce  the  performance  of  the  duty.     Upon  the 
first  point  the  Urban  District  Council  appealed  against 
the  judgment  of  Mr.  Justice  Charles.       The  Ck>urt  of 
Appeal  gave  judgment  in  favour  of  the  Urban  District 
Council,  holding  that  the  case  came  within  the  rule  tliat, 
if  a  new  obligation  is  imposed  by  statute,  and,  in  the 
same  statute,  a  remedy  is  provided  for  non-fulfilment  of 
the  obligation,  that  is  the  only  remedy,  and  that  accord- 
ingly the  remedy  by  complaint  to  the  Local  Government 
Board  under  Section  299  was  a  bar  to  the  application  for 
a  mandamus.     The  decision  of  the  Court  of  Appeal  was 
affirmed  by  the  House  of  Lords. 

102.  Then  have  you  got  any  commentary  to  make  upon 
any  of  these  points  ? — I  have  not  yet  had  an  opportunity  of 
reading  a  shorthand  or  revised  version  of  the  report  of  the 
proceedings  in  the  case  before  the  House  of  Loids.  It 
would,  therefore,  be  unsafe  to  make  any  positive  statement 
as  to  the  effect  of  the  law.  But,  so  far  as  my  present 
sources  of  information  extend,  the  position  seems  to  be 
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Mr,  A.  D.  as  follows  : — ^A  manufacturer  who  seeks  admission  for  his 
iidrion,o.B.  factory  refuse  to  the  sewerage  system  of  a  local  authority 
28/imei898.  has,   on  the  rejection  of  his  application,    two  available 

remedies.    These  are  (1)  the  remedy  under  tSection  10  of 

tho  Kivers  Pollution  Prevention  Act,  1876,  to  be  pursued 
before  the  County  Court  on  a  claim  based  upon  the  pro- 
*  visions  of  Section  7 ;  and  (2)  the  remedy  under  Section 
209  of  the  Public  Health  Act,  1875,  to  be  pursued  before 
the    Local   Government   Board   on   a    complaint   based 
on   the  alleged  default   of  the   local  authority   in   the 
provision    of     suiticient    sewers.        The    hrst    remedy 
would   bo   appropriate   to  the   case   of  existing   sewers 
primd  facie  available  and  sufficient  for  the  reception  of 
the  refuse.      The  second  remedy  would  be  appropriate 
where   the   facts   are   assumed   to    point    to   the   need 
of   works   of   improvement   or    additional    construction. 
But  in  certain  circumstances  it  is  conceivable  that  recourse 
may  be  had  to  the  second  remedy  after  the  first  has  failed. 
In  connection  with  the  first  remedy  and  its  possible  failure 
by  the  operation  of  the  provisoes  to  Section  7  of  the  Riveis 
Pollution  Act,  1876,  two  judicial  dicta  are  deserving  of 
notice.     In  a  Scottish  case  the  Court  of  Session  took  the 
view  that  the  word  "  land  "  in  the  first  proviso  meant  land 
generally,  so  that  the  refuse  to  be  excluded  must  be  so 
noxious  and  of  such  quality  as  to  render  the  aewt^e  unfit 
for  sale  as  manure,  and  not  merely  that  the  refuse  must 
be  in  quantity  too  great  for  the  limited  area  of  land  in  use 
in  a  particular  case.     The  second  dictum  is  that  attributed 
to  the  Lord  Chancellor  in  the  recent  case  of  Peebles  v. 
Oswaldtwistle.  According  to  this  view  the  protective  force 
of  the  second  proviso  may  be  thus  stated  ;   the  duty  lies 
primarily  on  the  manufacturer  to  get  rid  of  his  own  refizj^f!, 
and  it  would  be  unreasonable  to  permit  a  man  to  come  to 
a  small  district  and  to  require  tne  local  authority  to  re- 
coni^truct  its  system  for  his  purposes.  , 

103.  As  regards  the  subject  for  our  investigation,  are 
there  any  considerations,  in  your  opinion,  which  lessen 
the  value  of  these  decisions  for  the  purposes  of  our  Com- 
mission?— I  do  not  regard  the  decision  in  Peebles  v. 
Oswaldtwistle  as  tending  in  any  way  to  minimise  aiiv 
difficulties  which  the  Commission  may  encounter  in  deal- 
ing with  that  part  of  the  reference  which  relates  to  manu- 
facturing refuse.  The  case,  it  will  be  observed,  originated 
in  circumstances  which  differ  from  those  of  many  cases 
which  will  have  to  be  considered  by  the  Commission.  The 
case  was  one  of  refusal  by  the  Local  Authority  to  admit  the 
refuse.  But  the  instances  in  which  Local  Authorities 
have  admitted  or  will  admit  such  refuse  are,  and  are  likely 
to  be,  I  think,  much  the  more  numerous.  At  the  same 
time,  it  seems  to  me  that  the  case,  especially  if  the  dictum 
attributed  to  the  Lord  Chancellor  sJiould  be  fdond  in  its 
revised  version  to  be  as  weighty  as  may  be  inferred  from 
the  first  report,  may  emphasize  the  need  of  a  special  con- 
sideration of  the  treatment  appropriate  to  each  kind  of 
refuse. 

104.  Lastly,  one  or  two  questions  as  to  the  practice  of 
the  Local  Government  Board  in  dealing  with  schemes 
of  sewage  disposal,  have  you  anything  to  say  about  their 
early  procedure? — ^When  the  Local  Government  Board 
came  into  existence,  one  of  the  most  important  methods 
of  sewage  treatment,  viz.,  intermittent  downward  filtra- 
tion, was  as  yet  a  novelty.  The  other  method  of  land  treat- 
ment, viz.,  by  broad  irrigation,  seems  to  have  been 
favoured  as  much  as  possible  when  circumstances  ad- 
mitted. But  at  that  time,  and,  indeed,  for  some  years 
afterwards,  schemes  relying  upon  the  efficacy  of  chemical 
treatment  appear  to  have  been  frequently  accepted.  Ac- 
cording to  a  return  made  by  Parliament  in  1873,  local 
authorities  who  up  to  that  date  had  provided  works  of 
sewage  disposal  by  means  of  loans  numbered  in  all  128. 
Of  these  forty-four  had  sewage  farms,  fifty-four  had 
adopted  artificial  filtration,  thirty  had  precipitation 
schemes.  It  would  have  been  difficult  for  the 
newly-constituted  Department  in  the  tiien  state  of 
the  law  to  take  any  different  course.  The  Depart- 
ment had  before  it  the  results  of  many  years'  work  of  the 
local  and  central  authorities  under  varying  states  of  the 
law.  It  was  impossible  to  disregard  these  results  to  such 
an  extent  as  to  necessitate  the  entire  remodelling  of  par- 
ticular schemes  upon  applications  for  loans  for  their  en- 
lArgement  or  improvement.  And  although  the  Depart- 
ment was  fully  alive  to  the  need  of  more  stringent  legisla- 
tion for  the  protection  of  water  courses  from  sewage  pol- 
lution, its  earlier  efforts  to  promote  such  legislation  were 
not  successful. 

105.  Can  you  give  any  instances  of  this  want  of  success    - 
in  securing  legislation  of  the  kind  mentioned  ?-^In  the 
Public  Health  BUI,  1872,  under  the  head  of  "  Nuisances," 
it  was  proposed  by  provisions  much  in  advance  of  anjr  pre- 


vious enactments  to  prohibit  the  pollution  or  streams  or 
interference  with  their  due  flow  by  solid  refuse  (Clausft 
32).  It  was  further  proposed  (Clause  33)  that  every  persoa 
who  caused  to  fall  or  flow,  or  knowingly  permitted  to  f&U 
or  flow,  or  to  be  carried  into  any  stream'any  solid  or  liquid 
sewage  matter,  or  who  caused  to  fall  or  flow,  or  knowingly 
permitted  to  fall  or  flow,  or  to  be  carried  into  any  stream 
any  filthy  or  noxious  water,  or  washings  of  manu- 
factories or  other  polluting  liquid  should  be  deemed  guilty 
of  creating  a  nuisance  punishable  summarily.  The  strin- 
gency of  these  provisions,  however,  would  have  been  sub- 
ject to  relaxation  by  the  proposal  to  allow  a  period  of  two 
years'  grace  in  the  case  of  the  continuance  of  an  existing 
nuisance.  There  was  a  proposal  in  the  Bill  (Clause  63) 
that  it  should  be  tlie  duty  of  every  sanitary  authority  to 
cause  to  be  analysed  in  conformity  with  any  directions- 
issued  by  the  Local  Government  Board  any  sewage  matter, 
or  ffithy  or  noxious  water  or  washings  of  manufactories  or 
other  polluting  liquid  falling  or  flowing  into  any  stream 
within  its  district.  Kone  of  these  provisions,  however^ 
proved  acceptable  to  Parliament. 

106.  The  position,  however,  was  altered  rather  by 
the  Rivers  Pollution  Prevention  Act  of  1876,  was  it  not? — 
Yes.  On  the  passing  of  the  Rivers  Pollution  Prevention 
Act,  1876,  the  Board  found  themselves  in  a  position  to 
insist  more  uniformly  upon  the  observance  of  special  re- 
quirements, which  generally  included  land  treatment  for 
obviating  infringement  of  the  Act. 

107.  To  what  period  would  you  assign  the  beginning 
of  the  present  practice  of  the  Board  ?— The  present  prac- 
tice of  the  Board,  I  think,  dates  from  the  investigation  of 
the  complaints  which  led  to  the  appointment  of  the  Metro- 
politan Sewage  Commission.  Since  the  publication 
of  the  Report  of  that  Commission  the  Board  have  regarded 
themselves  as  justified,  save  in  exceptional  cases,  in  re- 
quiring thai  ^ny  scheme  of  sewage  disposal  for  which 
money  is  to  be  borrowed  with  their  sanction  should  pro- 
vide for  the  application  of  the  sewage  or  effluent  to  an 
adequate  area  of  suitable  land  before  its  discharge  into 
a  stream.  At  the  same  time,  the  Board  have  been  fuUy 
prepared  to  recognise  improvements  in  chemical  treat- 
ment ;  and  this  is  shown  in  the  rules  which,  after  much 
consideration,  were  adopted  in  1890. 

108.  Can  you  state  the  effect  of  the  rules  to  which  yon 
have  referred  ?— These  rules  may  be  stated  as  follows  :  — 
For  treatment  by  broad  irrigation  only  :  —Land  in  th& 
proportion  of  not  less  than  one  acre  to  every  300  of  the 
population  must  be  provided.  For  treatment  by  inter- 
mittont  downward  filtration  only:— -There  must' be  not 
less  than  one  acre  to  every  1,000  persons.  For  broad 
irrigation  in  combination  with  chemical  treatment: — 
There  must  be  not  less  than  one  acre  to  every  1,000 
persons.  For  intermittent  downward  filtration  in  com- 
bination with  chemical  treatment :  — There  must  be  not 
less  than  one  acre  for  every  2,000  persons.  It  should, 
however,  be  stated  with  regard  to  these  rules  that  their 
application  is  subject  to  special  consideration  of  the  actual 
circumstances  of  each  case.  The  Board  do  not  look  upon 
themselves  as  tied  to  a  uniform  and  strict  observance  of 
the  scale.  Cost,  character  of  knd,  and  probable  increase 
or  decrease  of  population,  among  other  circumstancesy 
have  to  be  recognised  as  grounds  of  exception. 

109.  Well,  I  think  that  ends  my  examination  in  chief.. 
The  only  thing  I  have  got  to  do,  which  I  am  sure  I  may  do, 
on  behalf  of  the  Commission,  is  to  return  our  most  hearty 
thanks  to  you  for  your  most  able  and  valuable  contribu- 
tion. I  think  the  information  is  wonderfully  well 
prepared,  and,  I  am  sure,  it  forms  a  most  excellent  start 
for  our  Commission  ?— -I  am  afraid  the  details  have  been 
very  wearisome. 

110.  Not  at  all ;  it  is  so  wonderfully  dear  and  teree  ;  I 
thmk  it  IS  admirable.  I  em  afraid  we  have  tired  you 
pretty  well  ?— I  fear  I  have  been  an  infliction. 

111.  {Mr.  Killick.)  I  should  like  to  ask  Mr.  Adrian  & 
question  or  two,  if  I  may.  You  have  not  mentioned  one 
or  two  special  Acts  which  have  been  obtained—the  Mersey 
and  Irwell  and  the  West  Riding  ?— Quite  so ;  I  omitted 
those  because,  of  course,  they  are  local  in  their  effect. 

112.  But  some  of  their  provisions  differ  rather  from  the 
general  Acts  ?— Very  materially  as  regards  the  administra- 
tion of  the  law.  The  offences  of  the  Mersey  and  IrwcJl 
Act  and  the  offences  of  the  Rivers  Pollution  Prevention 
Act  are  couched  in  very  much  the  same  language,  but,  of 
course,  the  machinery  is  very  different. 

113.  With  regard  to  the  offences.  In  the  Mwsey  and 
Irwell  Act  the  offence  of  pollution  by  solids,  I  think  the 
clauL-e  in  the  1876  Act,  the  prevention  of  the  due  flow  of 
th»  stream,  is  omitted  ?^The  clause  relating  to  ftoiid 
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matters  in  the  Biy&n  PoUutioii  Pre\enti(Hi^ot  does  not 
seem  to  concern  the  Commission.  In  the  Mersev  and 
Irwell  Act  so  much  of  Clause  3  of  the  Kivers  Pollution 
Prevention  Act  (which,  of  course,  does  concern  the  Com- 
mission), so  much  of  that  section  as  relates  to  solid  sewage 
matter  is  grouped  in  the  earlier  Section  (2),  relating  to 
obstruction. 

114.  Sewage  might  be  solid? — Quite  so  ;  it  is  grouped 
in  your  Local  Act  in  the  clause  as  to  solid  matters ;  it  is  a 
litUe  differently  arranged. 

115.  You  have  not  the  prevention  of  the  due  flow  in 
the  Mersey  and  Irw^  Act  f— No,  Section  2  of  the  Rivers 
Pollution  Prevention  Act  hardly  concerns  this  Commis- 
sion ;  it  is  not  pollution ;  it  is  obstruction. 

116.  Tou  referred  to  the  1868  Boyal  Commission  on 
Sewage  and  the  1882  Royal  Commission  on  Sewage  in  the 
Thames.  Those  are  the  two  most  important  Commissiona 
and  the  two  most  important  reports  are  they  not  ? — ^There 
is  ako  the  Sewage  Commission  of  1857,  and,  of  course, 
there  are  the  House  of  Commons  Si^ect  Committees'  re- 
ports of  1862  and  1864. 

117.  The  1868  Commission  in  their  first  report  gave 
standards,  which  they  subsequently  modified? — ^You  are 
thinking  of  the  Rivers  Pollution,  not  of  the  Sewage 
Commission. 

118.  1868? — Yes,  the  Rivers  Pollution  Commissioners 
were  appointed  originally  in  1868 ;  they  set  out  the  rey  ised 
standards  in  their  fourth  report,  which  was  published  in 
1872. 

110.  In  their  fourth  report ;  that  is  so.  Those 
standards  have  never  been  adopted  in  any  Act  of  Parli^ 
ment  ? — ^They  were  rejected. 

120.  They  were  rejected? — ^They  were  submitted  and 
rejected  in  1872  and  1873. 

121.  Under  the  Act  of  1876  for  the  prevention  of  pollu- 
tion it  is  necessary,  I  think,  to  prove  that  the  pollution 
occurs  within  the  district  of  a  Sanitary  Authority  bringing 
the  action  ? — Well,  yes,  that  its  effect  occurs,  that  is,  that 
pollution  is  caused  within  the  district. 

122.  Within  the  district  ?— Quite  so. 

123.  In  practice  it  has  been  demonstrated,  I  think, 
that  the  recommendation  of  this  1868  Commission,  that 
a  watershed  must  be  dealt  with  as  a  whole,  is  a  perfectly 
sound  one  ? — ^I  suppose  one  ought  to  say  that  the  question 
may  be  debatable,  because  Parliament,  when  legislation 
was  attempted,  refused  to  listen  to  it. 

124.  It  is  permissive  legislation  only  ? — Permissive — oh, 
but  there  was  also  an  idea  at  one  time,  following  upon  the 
recommendations  of  the  Commission,  that  Conservancy 
Boards  were  quite  the  one  thing  needful.  Bills  for  the 
formation  of  such  Boards  were  introduced  in  session  after 
session  of  Parliament,  but  without  effect. 

125.  But  there  is  a  permissive  Act  now,  the  Act  which 
you  cited  of  1^,  Section  14,  Sub-section  3,  giving  county 
councils  in  a  watershed  power  to  combine  to  enforce  the 
1876  Act? — By  combination,  yes. 

126.  That  is  permissive  ? — ^By  combination,  yes,  but  the 
uniform  definition  of  the  limits  of  jurisdiction  as  co-exten- 
sive with  a  watershed  is  hardly  within  the  practical  possi- 
bilities of  that  Section  14. 

127.  No,  but  still  it  would  probably  be  the  county 
councils  in  a  watershed  that  would  combine? — ^Yes,  it 
might  be  ;  oh,  yes. 

128.  I  do  not  know  if  I  am  right  in  asking  your  opinion 
as  to  whether  the  only  way  to  effectually  deal  with  lirer 
pollution  is  to  deal  with  it  in  combination? — ^I  think  I 
should  go  so  far  as  to  say  that  those  combinations  which 
have  been  set  up  have  been  successful,  but  the  'lifficulty 
of  setting  up  a  combination  is  serious.  We  have  had 
other  instances  than  those  which  are  in  puccessful  working; 
order — ^instances  of  attempts,  which  have  been  fnutrated 
by  local  hostility. 

129.  Then,  if  it  is  the  most  effectual  means  of  dealing 
with  the  pollution  of  rivers,  would  it  not  be  a  desirable 
thing  that  instead  of  being  permissive,  it  should  be  com- 
pulsory upon  the  County  Councils  to  form  joint  com- 
mittees ? — I  think  that  is  rather  beyond  our  province. 

12(X  The  Chairman  ruled  the  other  day  that  all  matters 
in  connection  with  sewage  disposal  were  within  our  pro- 
vince ? — ^I  rather  mean  when  I  say  that  it  is  beyond  our 
Kovince  that,  as  propositibas  loinewhat  of  that  description 
ve  be^n  submitted  to  Parliament  in  the  past,  and  have 
met  irith  afanott  Invariable  rejection,'  I  do  Hot  know  that 
it  is  worth  our  consideration. 


131.  But,  still,  the  practical  experience  that  you  have,    Mr.  4.  D. 
of  course,  is  greater  than  all  the  other  practical  experience  ^dria  n.o.B. 
together.    The  practical  experience  that  we  have  had  on  22 June  laos 

the  Mersey  and  Irwell  and  on  the  attempted  joint  00m-      

mittee  on  the  Dee  all  goes  to  the  same  point,  and.  I 
thought  possiUy  you  could  express  an  opinion  ? — But  you 

have  not  set  up  a  joint  committee  on  the  Dee  yet. 

132.  We  are  only  waiting  for  you  to  do  it  ? — Has  it  got 
as  far  as  that  ?    I  was  not  aware  of  the  later  stages. 

133.  We  are  prepared  to  accept  your  decision  ? — I  was 
not  aware  that  the  case  was  eventuating  in  anything  like  a 
practical  result. 

134.  Would  it  be  possible  for  you  to  let  ns  have  & 
precis  of  the  parts  of  the  reports  of  the  1868  and  the  1882 
Commissioners  which  you  think  are  material  to  our  in- 
quiry?— ^I  should  rather  prefer  that  the  CommisMoo 
should  address  any  request  of  that  kind  to  the  Board 
officially.  There  are  certain  considerations  that  will  have 
to  be  discussed.  I  should  not  like  to  say  off-hand  whether 
we  can  or  whether  we  cannot. 

135.  (Sir  B,  Thorne  Tharne.)  I  did  not  quite  under- 
stand one  of  your  answers,  unless,  indeed,  it  were  an 
answer  to  a  hypothetical  question.  I  think  Mr.  Killick 
put  that  question  to  you  as  to  the  combination  of  Councils 
in  a  watershed  in  this  way,  that,  if  it  be  the  best  method 
then  would  it  not  be  desirable  ? — ^Yes. 

136.  But  have  you  any  opinion  as  to  whether  it  is  the 
best  method? — ^Hitherto  in  the  combinations  that  have 
been  set  up  the  Board  have  rather  taken  into  consideration 
the  fact  of  what  is  possible  in  the  way  of  combination ;  that 
is  to  say,  in  the  way  of  co-operation  amongst  various 
authorities,  and  not  with  reference  to  the  actual  limits  of 
any  particular  basin. 

137.  (Mr.  Killick.)  On  that,  our  plea  to  the  Board  and 
our  plea  to  the  public  in  the  case  of  the  Mersey  and  Irwell 
was  that  the  combination  should  cover  the  watershed  ? — I 
know  you  described  the  area  of  jurisdiction  as  a  watershed, 
and  in  your  case  the  area  much  more  closely  approximated 
to  a  watershed,  but  it  did  not  in  the  other  case. 

138.  In  the  Ribble?— No. 

139.  Did  it  not  in  the  Kibble  ?— I  think  not. 

140.  Yorkshire  and  Derlyshire  stood  out  because  they 
said  they  were  so  small  ? — ^Yes,  the  area  of  jurisdiction  in 
the  case  of  the  Mersey  and  Irwell  did  not  extend  on  the 
Derbyshire  side,  and,  in  the  case  of  the  Bibble,  on  the 
Yorkshire  side,  to  the  limits  of  the  watershed.  If  I  re- 
member rightly,  there  was  an  exclusion,  or  a  suggestion  for 
exclusion,  in  the  Southport  direction  in  tiie  Bibble  case. 

141.  I  did  not  know  of  that  ? — ^I  should  say  almost  cer- 
tainly in  the  West  Biding  direction  the  exclusion  was  still 
more  marked. 

142.  Do  you  think  that  it  is  possible  reaCly  to  purify  a 
river  in  any  way  except  by  a  combination  of  authoritiee. 
Take  the  case  now  at  Chester.  Although  the  Welsh  town* 
are  turning  their  sewage  into  the  Dee  untreated  there  is 
no  means  of  proving  when  the  Dee  comes  within  th« 
Cfheshire  or  Chester  boundaries  that  the  pollution  whidh 
reaches  there  is  in  the  Dee  at  that  time.  The  same  case 
has  arisen  in  the  Yorkshire  and  Derbyshire  schemes  falling 
into  the  Irwell? — Yes.  On  the  other  hand,  of  course, 
your  question  rather  preHMippooes  that  you  always  fina 
this  machinery  ready  to  hand.  That  you  do  not.  Th« 
willingness  of  the  northern  county  councils  is  hardly  repro* 
duced  in  our  experience  in  coun^  councils  elsewherew 

143.  Assuming  the  willingness,  surely  it  is  the  beet  way  t 
— ^I  daresay  it  would  be. 

144.  (Colonel  Harding,)  I  wish  to  ask  Mr.  Adrian: 
whether  the  Local  Government  Board  has  any  supervision 
over  schemes  which  have  been  started  by  any  local  authori- 
ties for  the  purification  of  sewage? — ^The  supervision  does 
not  extend,  except  in  occasional  circmnstances,  beyond  the 
revision  of  the  scheme  in  the  first  instance,  the  scheme 
being  one  submitted  in  connection  with  tiie  proposal  ta 
borrow  money. 

145.  Then  the  schome  being  once  "peeaed  by  the  Local 
Qovemment  Board  the  Ijocal  Government  Board  have  no 
further  supervision  as  to  the  continued  effectiveness  of  the 
scbeme? — The  Local  Government  Board  would  not  exer- 
cise any  supervision  over  the  execution  of  th<e  scheme  it- 
self. It  would  onlv,  perhaps,  in  connection  with  some  later 
application,  find  it  necessary  to  see  how  the  works  of  the 
earlier  proposal  had  been  earned  cat,  but  beyond  that 
there  is  no  practice  of  supervising  the  works  of  authorities 

146.  Then  tis^  '^'*     supervising  codies,  as  far  as  70a 
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Mr.  A.  D.  know,  are  these  Eiver  Boaids,  to  which  allusion,  has  just 
Adrian, O.B.  i^^en  made? — They  would  supervise  to  th<e  extent  of  de 
njQDeisQS.  tecting  offences. 

'    ".Z~  147.  And  they  supervise  further  surely  in  the  direction 

of  seeing  that  the  schemes  once  put  into  operation  are  kept 
effective,  do  they  not? — So  far  as  river  pollution  is  con- 
cerned, no  doubt  they  do. 

148.  (Sir  Bichard  Thorne.)  With  regard  to  one  ques- 
tion. May  I  take  it  that  the  LocaU  Government  Board 
mainly  consider  w^hether  the  scheme  is  of  snidi  a  nature  as 
to  justify  its  being  carried  out  at  the  cost  of  a  loan  the  re- 
payment of  which  will  extend  over  a  series  of  years? — 
Quite  90. 

149.  They  do  not  take  any  responsibility  beyond  that  ? 
— ^None  whatever. 

150.  You  have  several  times  divided  schemes  into  profit- 
able and  unprofitable.  Oan  you,  as  the  result  of  your  ex- 
perience, tell  the  Oommission  whether  there  is  any  one 
scheme — ^I  do  not  mean  its  application  in  one  single  in- 
stance— ^but  a  method  of  sewage  disposal  which  generally 
offers  anything  like  &  profit? — Ah,  well,  you  restrict  me 
when  vou  put  it  that  way.  You  raise  the  question  of  a 
possible  scheme  of  a  profitable  kind.  What  I  can  say  is 
that  in  one  of  the  reports  of  the  Bivers  Pollution  Preven- 
tion Oommissioners  tney  set  out  a  series  of  balance-sheets* 
1^  of  which  show  a  profit  in  the  case  of  the  adoption  by 
various  towns  of  scheme  of  irrigation. 

15L  Of  broad  irrigation? — Of  broad  irrigation.  The 
only  instance,  so  far  as  I  know,  at  the  present  time,  that 
has  recently  been  put  before  us,  as  one  with  any  profitable 
result  is,  I  think,  the  Korwich  scheme.  I  do  not  know  of 
any  other. 

152.  That  is  a  broad  irrigation  system  ? — A  broad  irri- 
gation system. 

153.  Do  you  know  of  any  chemical  or  any  other  system 
which  professes  still  to  have  a  margin  of  profit  at  the  end 
of  the  year's  operations  ? — ^As  to  thiat,  there  was  a  return 
in  1894,  and  from  that  return  it  is  just  possible  thiat  one 
might  extract  here  and  tAiere  cases  of  a  profit.  It  was  a 
i^tum  on,  I  think,  the  motion  of  Mr.  Tomlinson — a  return 


of  aU  towns  in  which  precipitation  had  been  adopted — and 
there  were  columns  in  that  return  for  recording  the  par- 
ticulars in  cases  where  some  profit  was  received. 

154.  And  did  that  profit  take  account  of  the  interest  on 
the  loans? — ^That  I  can  hardly  say.  If  it  would  be  ol 
any  use  I  could  hand  that  return  in  to  the  Commission.  It 
is  a  return  "  showing  the  number  of  Urban  Sanitary  Dis- 
tricts and  Contributory  Places  in  Rural  Sanitary  Districti 
in  England  and  Wales  in  which  systems  for  treating 
sewage  by  precipitation  are  in  operation,  and  whether  iu 
such  cases  the  precipitate  is  of  a  saleable  value."  Here 
and  there  spread  about  the  return  are  various  statements 
from  which  some  opinion  as  to  the  profit  might  be  formed. 

155.  It  reaLy  comes  to  this,  that  apart  from  one  or  two 
statements  that  have  been  made  such  as  you  have  referred 
to,  you  do  not  know  any  system  of  which  you  could  saj 
that  there  is  a  chanoe  of  a  profit  being  made  after  it  has 
been  earned  out  ? — Certainly  not. 

156.  {Major-General  Carey.)  Except  in  cases  of  broad 
irrigation  almost,  I  suppose  ^— I  should  think  that  would 
be  the  conclusion  of  those  who  have  gone  into  the  que»- 
tir^u  cf  profit  in  the  past,  but  with  the  exccpcicn  of  the 
one  instance  I  have  mentioned  I  do  not  know  that  we  hare 
9veT  heard  recently  of  any  scheme  producing  a  pr-^fic. 

157.  (Mr.  Killiek.)  You  mention  the  streams.  Hava 
you  any  recommendation  or  strong  opinion  sa  to  the  ex- 
tension of  the  sti^ams  to  cover  a  wider  area — a  definitioa 
of  "streams"? — ^No,  I  hardly  think  it  is  necessary,  be- 
cause, you  see  when  you  want  to  bring  into  the  operatiaii 
of  the  law  relating  to  river  pollution  waters  that  at  present 
are  excluded,  you  have  the  power  through  the  co-operation 
of  the  Local  Government  Board. 

158.  By  a  Provisional  Order  ? — ^An  Order  simply  ;  aa 
inquiry  and  an  Order.  You  can  bring  tidal  waters,  yoa 
can  bring  the  sea  into  the  category  of  "streams,"  such 
waters  being,  of  course,  those  which,  in  ordinary  ciicam- 
stances,  the  present  law  does  not  reach. 

159.  Simply  by  an  Order  by  the  Local  Grovemmenfe 
Board  ? — ^After  inquiry. 

160.  After  inquiry  ? — ^Yes. 
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Mr.  A.  Mttrray,  of  the  Local  Government  Board,  Scotland,  called ;  and  Examined. 


It  Jalyi806.      ^^*  (^^  Chairman.)  You  are  the  Cbief  Clerk  of  the 
Local  Government  Boaid  in  Scotland  ? — ^Yee. 

161.  Have  you  seen  the  evidence  that  Mr.  Adrian  has 
given  f — ^Yes,  it  was  sent  to  me. 

162.  You  have  had  some  experience  of  the  questions 
concerning  sewage  and  sewage  disposal  so  far  as  your  Boaxd 
deals  with  them  ?— Yes.  Au  such  questions  coming  before 
the  Local  Government  Board  pass  through  my  hands. 

163.  Gould  you  give  us  a  little  information  as  to  the  law 
and  practice  in  Scotland  regarding  these  matters,  beginning 
with  a  statement  of  the  law  7  What  are  the  leading 
statutes  in  Scotland  bearing  on  the  subject? — ^The  leading 
statutes  are  the  Rivers  Pollution  Prevention  Acts,  1876 
and  1893  ;  the  Public  Health  (Scotland)  Act,  1897 ;  and 
the  Burgh  Police  (Scotland)  Act,  1892. 

164.  Wh&t  have  you  to  say  regarding  the  Bivere  Pollu- 
tion Prevention  Acts — do  they  apply  in  Scotland  as  they 
do  in  England  ? — ^Yes  ;  the  provisions  apply  equally  tottt 


two  countries.  Of  course  there  are  some  modificationa 
necessary  to  suit  the  different  institutions  in  Sootlaibd. 
For  instance,  the  County  Court  is  represented  in  Scotland 
by  the  Sheriff,  and  the  High  Court  of  Justice  by  the 
Court  of  Session.  Then  we  have  in  Scotland  a  provision 
in  the  Local  Government  (Scotland)  Act,  1889  (Sec.  55), 
such  as  there  is  in  the  Local  Government  Act  for  England* 
which  enables  the  County  Council  to  act  as  the  local  auUu>- 
rity  in  regard  to  the  adminMration  of  the  Bdvers  Pollution 
Prevention  Acts,  and  which  also  enables  the  Secretaiy  for 
Scotland  to  combine  County  Councils  or  other  authoritieB 
to  act  jointly  for  the  purposes  of  rivers  pollution  preren- 
tion. 

165.  But  we  may  assume  that  the  effect  of  the  la^,  so 
far  as  Hie  pollution  of  riven  is  concerned,  is  the  same  in 
both  countries? — ^Yes,  substantiaUy  it  is.  You  will 
observe,  however,  that  the  central  authority  as  regards 
Scotland  is  the  Secretary  for  Scotland,  not  the  Local 
Government  Board.  He  takes  the  place  of  tiie  Looal 
Government  Board  so  far  as  Scotland  is  concerned ;  hm 
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appoints  the  Inffpector  under  the  BiyexB  Pollution  Pre- 
yention  Act,  and  he  carries  out  all  the  other  duties  of 
the  central  authority. 

166.  l^ere  is  a  difference  in  the  administiatiye  bodieB, 
but  the  law  itself  is  yeiy  muoh  the  same? — ^It  is  sub- 
■hunitially  the  same ;  I  may  say  precisely  the  same. 
Perhaps  I  should  explain  as  to  the  executiye  bodies, — the 
local  authorities,  l^ey  are  on  a  somewhat  different  foot- 
ing in  Scotland  from  England.  There  are,  first,  the 
county  authorities,  the  county  councilB,  and  district  com- 
iiiitteee«  Almost  all  tihe  counties  are  diyided  into  dis- 
tricts, and  the  district  committee  are  composed  of  the 
County  CouncilloTS  for  that  portion  of  the  county  along 
widi  representatiyes  from  the  Parish  Councils.  The  Dis- 
trict Committees  act  as  the  local  authorities  under  the 
Pid>Iic  Health  Act  and  also  under  the  Biyers  Pollution 
Pi^eyention  Acts.  They  are,  as  it  were,  a  stepping  stone 
between  th>e  Pariah  Councils  and  the  County  Councils. 

167.  Yes^Then  as  regards  buighs,  Scotiand  is  in 
lather  a  peculiar  position  owing  to  the  great  number  of 
yeiy  small  burghs.  I  haye  a  return  here  of  the  numbers 
of  them,  and  I  find  that  there  are  eighteen  with  less  than 
1,000  inhabitants.  Then  many  haye  a  yery  small 
rental.  There  are  some  of  them  whose  rental  is  so  small 
that  an  assessment  of  a  penny  vx  tiie  £  only  produces  about 
£5  or  £10,  and  the  result  is  that  those  local  authorities  are 
Tery  difficult  to  deal  with ;  they  haye  suoh  smaU  resources 
fliat  they  can  do  yery  little. 

168.  Kow  coming  to  the  Public  Health  Act,  will  you 
teU  us  what  powers  are  giyen  as  to  Sewage  Works? — 
There  are  similar  proyisions  in  Scotland  to  those  in  Eng- 
land. The  local  authorities  haye  the  same  powers  as  in 
England.  In  the  first  place,  all  sewers  are  yested  in  the 
local  authority — aU  public  sewers. 

169.  Yes? — ^Together  wiith  aU  the  sewage  works  con- 
nected with  them.  The  Local  Authorities  haye  power  to 
acquire  rights  to  make  sewens  from  priyate  bodies,  and 
they  haye  also  power  to  make  sewers  within  their  district, 
or,  if  necessary  for  the  purposes  of  ouftfall  or  distribution 
of  sewage,  witfliout  the  district.  Then  they  are  bound  to 
keep  their  sewers  so  as  not  to  be  a  nuisance.  These  pro- 
yiaioDs  will  be  found  in  Sect.  103  of  the  Public  Health 
Act  Perhaps  I  may  quote  this  passage  :  "  For  the  pur- 
'*po0e  of  cleansinff  and  emptying  them" — ^that  is,  the 
sewers — "the  Locu  Authority  may  construct  and  place, 
"either  aboye  or  underground,  such  reseryoirs,  sluices, 
"  enflines,  or  other  works  as  may  be  necessary,  and  may, 
**  subject  to  the  proyisions  of  the  Riyers  Pollution  Preyen- 
"tion  Aots.  cause  such  sewers  to  communicate  with  and  be 
"emptied  into  such  places  as  may  be  fit  and  necessary 
"  either  within  their  district,  or,  if  necessary  for  the  pur- 
"  poses  of  outfall  or  distribution  or  disposal  or  treatment  of 
"sewage,  without  their  district,  and  to  cause  the  sewage 
"  and  refuse  therefrom  to  be  collected  for  sale  or  for  any 
"purpose  whatsoeyer,  but  so  as  not  to  create  a  nuisance." 
It  IB  a  similar  proyision  to  that  in  England. 

170.  Are  there  any  proyisions  as  to  the  utilisation  of 
sewage? — ^Yes.  Perhaps  before  I  leaye  the  question  as 
to  the  power  to  make  sewers,  I  should  call  attention  to  the 
fact  that  in  Scotland  there  are  no  proyisions  similar  to 
those  in  England  to  which  Mr.  Adrian  referred,  as,  for 
instance.  Sect  28  of  the  Public  Health  Act  in  Eng- 
land, which  enables  a  local  authority  to  cause  their 
sewers  to  cormeot  with  the  sewers  of  another  local  autho- 
rity ;  there  is  no  proyision  of  that  kind  in  Scotland.  And 
there  is  no  proyision  enabling  a  local  authority  to  do 
outside  of  their  district  whateyer  they  may  do  within 
their  district  such  as  exists  in  England.  With  regard  to 
the  utilisation  of  sewage,  there  is  a  proyision  (Sect.  108) 
similar  to  that  which  exists  in  Engknd  enabling  a  local 
authority  to  contract  with  any  person  for  the  purpose  of 
the  supply  of  sewage  subject  to  the  authority  of  the  Local 
Goyemment  Board. 

171.  Haye  the  local  autihorifty  nower  to  acquire  land 
for  sewage  works?— Tes,  they  did  get  that---only  last 
year. 

172.  La«t  year? — Only  last  year,  in  the  Public  Health 
Act,  1807.  Prior  to  that  they  had  no  power  to  acquire 
land  for  sewage  works,  and  many  local  authorities  were 
seriously  hampered  by  the  want  of  power. 

173.  Then  I  suppose  the  financial  proyisions  are  much 
the  same  as  in  England,  that  the  local  authorities  haye 
power  to  borrow  subject  to  approyal  of  the  schemes? — 
Well,  there  is  a  yery  decided  difference  there,  because 
the  local  authorities  haye  power  to  borrow  without  any 
approyal  of  the  Local  Goyemment  Board. 

174.  Without  any  approyal? — ^Without  submitting  the 
scheme  to  the  Local  Goyemment  Board  at  alL 
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175.  Oh  ? — ^It  is  a  yery  substantial  difference.  Mr.  A. 

176.  Yes.     Now,   do  you  mean  they  haye  power  to    ''^^1^' 
borrow,   to  do  anything  they  like  ?  I  mean,  may  they  is  July  1896 
say  they  will  put  down  any  sewage  scheme  they  like,  i. 
and  then  borrow  as  much  money  as  they  like  for  tti^i'i — 

Yes,  they  are  quite  free. 

177.  Quite  free? — ^There  are  restrictions  with  r^ard 
to  borrowing  which  differ  somewhat  from  the  English 
proyisions.  Section  139  of  the  Public  Health  Act  is  the 
section,  and  it  proyides  that  it  shall  be  lawful  for  the 
local  authority  ''  to  borrow  for  the  purpose  of  acquiring, 
"making,  enlarging,  or  reconstructing  sewers,  or  for  the 
"purpose  of  utilising  sewage.''  They  can  borrow  for 
these  purposes  subject  to  the  restrictions  that  the  money 
must  be  repaid  within  30  years — -not  within  60,  as  in  Eng- 
land. I  see  with  regard  to  Ireland,  in  the  discussion  iaist 
week  on  the  Local  Goyemment  Bill,  that  they  propose 
to  allow  60  years  in  Ireland  also ;  in  Scotland  it  is  30 
years. 

178.  But  then  who  can  enforce  the  repayment  of  the 
money? — ^The  bond  holders  haye  a  lien  oyer  the  rates. 
The  money  is  borrowed  on  the  security  of  the  rates,  and 
the  rates  are  assigned  to  the  creditors,  and  the  creditors 
could  enforce  the  repayment. 

179.  They  could  enforce  the  payment  of  the  sinking 
fund — ^I  suppose  there  is  a  siiudng  fund? — They  may 
either  haye  a  sinking  fund  or  arrange  to  repay  by  annual 
instalments  with  interest.  The  statute  does  not  lay  down 
that  there  is  to  be  a  sinking  fund. 

180.  It  does  not?— No. 

18L  Are  there  any  other  restrictions  imposed  by  the 
Act,  except  the  time  and  the  naming  of  the  objects  for 
which  the  borrowing  of  the  loans  is  to  be  made  ? — With 
regard  to  financial  matters? 

182.  Yes. — No.  Well,  there  are  restrictions  in  this 
way,  that  they  cannot  rate  beyond  a  certain  sum.  There 
is  a  maximum  rate. 

183.  So  that  there  are  not  the  same  proyisions  as  there 
are  in  England? — The  proyisions  as  to  borrowing  are 
yeiy  different,  and  they  haye  no  power  to  borrow  on  the 
security  of  the  sewage  works,  as  in  England  ;  the  omy 
security  they  can  offer  is  the  rates. 

184.  Is  there  any  proyision  for  the  combination  of  local 
authorities  for  sewage  works  ? — Yes  ;  there  is  a  proyision 
(Sect.  121)  whereby  any  two  or  more  local  authorities  may 
with  the  sanction  of  the  Local  Government  Board  combine 
*'  for  the  purpose  of  executing  or  acquiring  an  interest  in 
"  or  maintaining  any  works  by  this  Act  or  any  other  Act 
**  authorised  in  regard  to  sewerage  or  drainage  that  may  o^ 
''for  the  benefit  of  their  respectiye  districts."  They  may 
combine  with  the  sanction  of  the  Local  Government 
Board.  There  have  not  been  many  cases  of  combination  ; 
they  are  usually  very  small,  such  as  a  village  which  is  in 
the  boundary  of  two  districts — the  two  diatricts  combine 
to  provide  drainage,  or  a  borough  and  a  suburban  district 
may  combine. 

186.  What  power  haye  they  to  compel  the  provisions 
of  the  law  to  be  carried  out?-— The  power  to  compel  local 
authorities  to  carry  out  the  law  is  different  from  that  in 
England,  but  I  think  it  is  (^uite  as  effectiye.  If  a  local 
authority  fails  to  cany  out  its  duty,  then  any  ten  rate* 
payers,  or  a  parish  council,  or  the  procurator  nscal  of  the 
Sheriff  Court  of  the  county — he  is  the  public  prosecutor 
for  the  county  in  Scotland — or  the  Board  may  give  notice 
to  the  local  authority  that  they  are  not  performing  their 
duty,  and  if  they  do  not  carry  out  their  duty  then  any  of 
those  persons  may  apply  to  the  Sheriff  to  compel  the  local 
authority.  That  is  one  method.  Then  the  Local  Goyem^ 
ment  Board  have  another  method — ^by  going  to  th« 
Supreme  Court  to  compel  a  local  authority  to  carry  out 
its  duty.  But  the  Local  Goyemment  Board  have  no  power 
to  carry  out  the  works  themselyes,  and  charge  the  local 
authorities  with  the  cost.  They  haye  no  power  of  that 
kind. 

186.  What  are  the  rights  of  the  inhabitants  and  manu- 
facturers as  regards  the  passing  of  sewage  into  the  sewer  ? 
— ^They  have  ver^  full  rights  in  Scotiand.     Under  section 
110  of  the  Pubhc  Health  Act  any  owner  or  occupier  of 
premises  within  the  district  of  a  local  authority  liable  for 
assessment  is  entitied  to  cause  his  drains  to  empty  into 
the  sewers  of  the  local  authority  on  yery  easy  conditions-— 
he  has  merely  to  give  notice  of  his  intention  and  to  comply 
with    the    regulations — "provided   that  the  sewage   so 
"  emptied  or  discharged  into  the  sewers  is  not  of  a  nature 
"  to  cause  damage  to  the  structure  of  the  sewer  or  by  ad- 
"mixture  with  other  sewage  therein  to  cause  a  nuisance." 
Then  there  are  similar  powers  given  to  persons  outside 
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Mr.  A,      the  district  that  they  may  connect  their  drains  with  tho 
^^"^y-     drains  of  the  local  authority.     The  section  (111)  contains 
w  July  1898,  *  further  proviso,  however,  viz.  ;  — "  That  such  sewer  of 
'  "the  local  authority  and  any  works  connected  therewith 
"are  of  sufficient  capacity  and  otherwise  suitable  for  rj- 
"oeiving  such  additional  drainage."     It  is  a  similar  pro- 
risdon  to  that  which  exists  in  the  Bivers  Pollution  Pre- 
vention Act. 

187.  Is  ther«  any  obligation  on  manufactureis  to  purify 
their  sewage  before  they  discharge  it  into  the  sewers  ^ 
There  is  a  very  important  provision  in  the  Public  Health 
Act,  which  is  to  this  effect  (section  116)  :  "  The  owners  or 
"  occupiers  of  distiUleries,  manufactories,  and  other  works 
"€fhall  be  compelled  where  poseLble  to  dig,  make,  and 
"  construct  pools  or  reservoirs  within  their  own  ground,  or 
''as  near  their  works  as  possible,  for  receiving  and  de- 
''  positing  the  refuse  of  such  works  so  far  as  offensive  or 
"  injurious  or  dangerous  to  the  health  of  those  living  in  the 
**  vicinity  thereof,  or  to  use  the  best  practicable  means  for 
"  rendering  the  same  inoffensive  or  uinoxious  before  dis- 
"chaining  it  into  any  river,  stream,  ditch,  sewer,  jr 
"  other  channel.''  So  tihat  the  manufacturerB  can  be  com- 
pelled to  render  the  sewage  inoffensive  or  innoxious  before 
discharging  it  into  any  sewer  of  the  local  authority. 

188.  And  do  you  think  they  do.  Is  that  carried  out  ? — 
Well,  some  local  authorities,  I  believe,  do  take  some  steps 
to  carry  it  out,  but  so  far  as  my  knowledge  goes  it  is  not 
carried  out.  But  the  power  generally  exists,  and  the 
Local  Government  Board  do  advise  local  authorities  that 
they  have  the  power. 

189.  In  the  case  of  very  small  premises  where  there  is 
practically  hardly  any  room  to  do  anything  in  the  way  of 
purifying  sewage  sh<Mild  you  say  that  local  authorities  had 
powers  to  call  on  the  manufacturer  to  acquire  land  or 
space  somehow  in  order  to  enable  him  to  deal  with  it  ? — I 
am  not  sure  that  it  would  go  so  far  as  that.  The  pro- 
cedure  would  be  this,  that  the  local  authority  would  say, 
"  We  cannot  allow  you  to  dischaige  this  sewage  of  your* 
into  our  sewers  ;  if  you  cannot  comply  with  the  section 
you  must  dispose  of  your  sewage  in  some  other^way." 

190.  It  would  not  be  a  sufficient  answer  for  him  to  say, 
**  Well,  I  am  doing  the  best  I  can  "  ? — ^You  see  he  is  only 
required  to  use  "  Uie  best  practica»ble  means  for  rendering 
"the  same  inoffensive  or  innoxious." 

191.  It  would  be  a  legal  point,  I  suppose.  Probably 
the  thing  has  never  been  tested? — ^It  has  never  been 
tested.  A  question  arose  in  one  case  as  to  whether  a  local 
authority  was  bound  to  provide  sewers  which  would  carry 
off  the  manufacturing  sewage  of  the  district  as  well  as  the 
household  sewage.  The  Local  Government  Board  was 
a  little  puzzled  over  the  (question,  and  they  consulted  the 
Law  Officers.  The  advice  they  gave  was  to  the  effect 
that  if  a  local  authority  were  making  new  sewers  thej 
must  provide  for  aU  the  sewage,  including  manufacturing 
sewage,  but  they  were  not  bound  to  make  new  sewers  for 
the  purpose  of  taking  over  the  discharges  from  new  manu- 
factories. 

192.  Are  there  any  other  provisions  in  the  Public 
Health  Act  dealing  with  sewage  and  sewage  disposal  you 
woudd  like  to  call  our  attention  to  % — ^There  are  none  of  any 
great  importance.  There  is  a  provision  which  is  of  use  in 
small  places — ^a  village  or  a  hamlet — ^where  the  sewage 
from  the  houses  is  discharged  into  a  ditch  or  watercourse. 
The  local  authority  may  make  a  sewer  and  charge  the  <x>st 
on.  the  owners  of  all  the  houses  that  discfharge  anything 
but  pure  water  into  it.  It  has  often  been  taken  advantage 
of  in  small  places,  but  it  is  not  of  any  very  great  import- 
ance. But  I  should  like  to  say  that  there  are  no  provisions 
in  Scotland  similar  to  those  in  the  English  Public  Health 
Act,  sec,  17  and  sees.  327  and  353.  Section  17  is : 
"  Nothing  in  this  Act  shall  authorise  any  local  authority 

^  to  make  or  use  any*  sewer,  drain,  or  outfall  for  the  purpose 

"of  conveying  sewage  or  filthy  water  into  any  naUiral 

"  stream  or  watercourse,  or  into  any  canal,  pond,  or  lake, 

"  until  it  is  freed  from  all  excrementitious  or  other  foul  or 

**  noxious  matter.*'    There  is  no  such  proviMon  in  Scotland. 

193.  The  third  statute  you  have  referred  to  is  the  Burgh 
Police  Act,  1892.  What  is  the  nature  and  scope  of  that  f-- 
The  Buri^h  Police  Act  is  a  very  important  Act  in  Scotland. 
It  is  really  the  code  of  municipal  law  for  Scotland.  It  is 
not  an  adoptive  Act ;  and  it  is  not  one  of  those 
Acts  which  they  require  to  incomorato  into  private 
Acts.  The  Act  applies  to  all  the  bun^hs  except 
the  five  largest  cities  in  Scotland,  and  it  deals 
with  all  sorts  of  matters — the  formation  of  new 
bui);:hs,  constitution  and  election  of  burgh  commissioners, 
the  police  force,  lighting,  scavenging,  streets,  buildings, 
sewers,  water  supply,  fire  brigades,  markets,  slaughter- 
houses, and  a  multitude  of  other  matters  of  municipal  ad- 


ministzation.  One  important  feature  of  it  is  that  it  en- 
ables any  small  populous  place,  any  small  community  witU 
a  population  of  /OU  or  upwards,  on  the  appiicatiou  of  ihe 
inhabitants  to  be  formed  into  a  police  burg'h.  When  thiii 
happens  then  the  Commissioners  of  the  burgh  become  the 
local  authority  under  the  Public  Health  Act,  and  also 
under  the  Bivers  Pollution  Prevention  Acts,  and  in  th^it 
way  a  number  of  very  small  burc^hs  have  hoea  foitmed, 
which  create  some  diffculties  in  administration. 

194.  Are  the  local  authorities  of  the  burghs  confined  to 
the  sanitary  provisions  of  the  Burgh  Police  Act  to  the  ex- 
clusion of  those  of  the  Public  Health  Act  I — No,  the  two 
Acts  are  rather  the  one  supplementary  of  the  other.  Ex-* 
cept  as  regards  waber  supply  the  burghs  are  not  o<Hifined 
to  the  Burgh  Police  Act»  but  regaling  seweis,  for  in- 
stance, they  may  proceed  either  under  the  Burgh  Police 
Act  or  under  the  Public  Health  Act,  or  they  may  earry 
out  part  of  the  works  under  one  Act,  and  another  part 
und«r  the  other.  But  with  respect  to  sewers  the 
main  distinction  between  the  two  Acts  is  in  re- 
gard to  the  assessment.  If  the  burgh  carries 
out  the  works  under  the  Burgh  Police  Act  then 
the  cost  falls  entirely  on  the  owners,  whereas  if  it  cany 
them  out  under  the  Public  Health  Act  the  assessment  falliB 
half  on  the  owner  and  half  on  the  occupier.  Then  there 
is  a  maximum  assessment  for  sewerage  under  \hQ  Public 
Health  Act,  or  rather  a  maximum  for  water  and  sewers 
combined,  and  there  is  no  limit  of  assessment  under  the 
Buigh  Police  Act.  It  is  a  question  of  convenience,  which 
determines  under  which  Act  they  are  to  proceed. 

195.  What  is  the  nature  of  the  provisions  as  to  sewers 
that  the  Burgh  Police  Act  contains? — ^They  are  reiy 
similar  to  those  in  the  Public  Health  Act.  The  sewers 
are  vested  in  the  Commissioners,  and  they  have  power  to 
acquire  rights  to  make  sewers,  and  they  have  pow^  to 
make  sewers  in  their  burgh  only ;  they  have  no  power  to 
go  beyond.  If  they  require  to  go  beyond  for  the  purpose 
of  outfall  or  otherwise  they  must  proceed  under  the  Public 
Health  Act.  A  local  authority  may  thus  carry  out  its 
sewer  works  wiviuu  the  burgh  under  the  Burgh  Police 
Act,  but  in  goins  outside  the  burgh  they  would  have  to 
proceed  under  the  Public  Health  Act.  Then  there  are 
one  or  two  provisions  which  I  should  like  to  call  attention 
to.  There  is  Section  222 :  "  Whenever  the  Commissioners 
"shall  have  caused  pipes  or  other  w^orks  to  bo 
''  laid  in  or  aloiiff  any  river,  bum,  or  watercourse 
"  within  tl  e  burgh  for  the  purpose  of  intercepting 
"and  conveyinc:  r.way  the  sewage  which  would 
'^  otherwise  flow  into  and  pollute  the  same,  it  shall  not  be 
''  lawful  for  any  person  to  introduce  into  any  part  of  such 
"  river,  bum,  or  watercourse,  along  which  such  pipes  are 
''  laid,  ^ny  sewage  or  other  offensive  matter  or  thing  from 
''any  source."  By  the  same  section  the  Commissioners 
are  required  to  give  facilities  for  drainage  into  their  pipes 
so  as  to  secure  the  immunity  of  the  river  from  pollution. 
Then  there  is  a  provision  (Sec.  223)  which  prevents  any 
person  from  throwing  rubbish  or  refuse  of  any  kind  into 
the  streams  of  the  burgh,  and  there  is  also  a  provision 
(Sec.  234)  for  enabling  persons  outside  to  connect  their 
drains  with  the  burgh  sewers — ^not  only  individuals  but 
local  authorities,  contiguous  local  authorities,  may  con- 
nect their  sewers  with  the  burgh  sewers.  There  is  a 
further  provision  which  is  mmalar  to  that  to  which 
I  have  called  attention  under  the  Public  Health  Act  with 
regard  to  the  purification  of  sewage  before  it  is  dischaiged 
into  the  sewers,  but  it  differs  somewhat  from  the  pro- 
visions in  the  Public  Health  Act  (Sec.  223) :  "  Any  owner 
"  or  occupier  of  distilleries,"  you  will  observe  that  distil- 
leries form  an  important  element  in  Scotland  ;  the  poUu' 
tion  from  distilleries  is  very  offensive — "manufactories  or 
"other  works  who  causes  or  permits  any  refuse,  refuse 
"  water,  steam  or  other  substance  fitted  to  interrupt  the 
"  free  passage  of  a  sewer  or  to  be  otherwise  injurious  there- 
"  to,  or  to  be  injurious  to  the  health  of  persons  living  in 
''  the  vicinity,  to  enter  a  public  sewer,  river,  or  inland 
"loch,  or  public  reservoir  or  dock  from  any  such  woxka 
"  shall  be  guilty  of  an  offence,"  and  is  liable  to  a  penalty 
of  £5.  "  Such  owners  and  occupiers  shall  construct  pools 
"  or  reservoirs  as  near  their  works  as  possible  for  receiving 
"  and  depositing  such  refuse  and  other  substances.     If  it 

shall  be  impracticable,  in  the  judgment  of  the  Commis- 
"sioners,  to  render  such  refuse  or  other  substances  in* 
"  offensive  or  innocuous,  or  to  prevent  the  same  from  in- 
"terrupting  the  free  passage  of  the  sewer,  or  otherwise 
"  injuring  the  same,  it  dhell  be  lawful  for  the  Comimifl- 
"  sioners  to  prohibit  and  interdict  such  owner  or  occupier 
"  from  permitting  the  same  to  run  into  such  sewer  from  his 
"works  aforesaid."  Then  there  is  a  provision  that  they 
shall  not  be  liable  to  the  full  extent  of  the  assessment  if 
that  occurs. 

196.  Then  I  suppose  if  he  was  refused  leave  to  run  it 
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into  bhe  sower  he  would  have  to  dispose  of  it  in  some  other 
way  ? — YeSy  he  must  get  rid  of  it  in  some  way. 

197-8.  Is  there  any  power  given  to  the  Oommissioners  of 
the  burghs  to  act  jointly  in  regard  to  sewage  works? — 
There  is  no  general  power  under  the  provisions  <3i  the 
statute,  except  that  uiey  mav  do  so  by  means  of  Provi- 
sional Order.  Under  the  PuoHc  Health  Act  it  is  a  mndi 
simpler  procedure,  they  merely  require  the  sanction  of  the 
Local  Government  Board.  But  under  the  Burgh  Police 
Act  application  to  the  Secretary  for  Scotland  is  neoessary. 

199.  Apart  from  these  three  irtatutes  are  there  any 
general  provisions  in  force  in  Scotland  which  bear  on  the 
subject? — There  is,  of  course,  that  provision  in  the 
Alkali  Works  Begulaition  Act,  under  which  the  owners  of 
any  works  in  which  sewage  is  produced  is  entitled  to  call 
upon  the  local  authority  to  provide  a  drain,  and  the 
c  jst  is  charged  to  the  owner.  But  in  addition  to  that 
there  is  a  very  important  power  in  Scotland  at  Common 
Law,  which  is  understood  to  be  more  effective  in  the 
way  of  preventing  pollution  of  nreis  than  any  statutory 
enactments.  The  rights  of  proprietors  at  Common  Law 
are  carefully  guarded  both  by  the  Bivers  Pollution  Pre- 
vention Act  and  by  the  Public  Health  Act,  and  it  has 
been  a  very  oommon  experience  in  Scotland  for  proprie- 
tors to  take  action  at  Common  Law  to  prevent  the  pollu- 
tion of  the  water  of  rivers  within  their  property.  Of 
course,  1  am  not  a  lawyer  ;  but  the  Common  Law  on  the 
subject  wtas  thus  expressed  by  Professor  Bankine,  who 
is  an  authority  on  i^e  suibject.  He  is  the  Professor  of 
Scots  law  in  Edinburgh  University,  and  his  work  on  the 
riclits  of  proprietors  is  the  standard  book  on  the  subject. 
"Riparian  proprietors  are  entitled  to  use  the  water  in 
"  any  way  they  like,  as  it  passes  through  their  property, 
•'subject  only  to  certain  conditions.  Now,  these  condi- 
"  tiouh  are,  that  they  shall  send  down  the  water  to  their 
"neighbours  below  undiminished  in  quantity  and  unim- 
"  paired  in  quality."  There  have  been  numerous  actions 
at  law  on  the  part  of  proprietors  against  polluters,  both 
asainst  local  authorities  and  against  manufacturers,  and 
against  other  proprieifcors,  and  Professor  Bonkine  seems 
tM  be  of  opinion  thi.t  the  Common  Law  is  more  effective 
than  the  Rivers  PoUution  Prevention  Act.  He  says : — 
"The  Act  referred  to"— that  is  the  Rivers  Pollution  Pre- 
vention Act — ^"expressly  saves  the  old  Common  Law, 
•'the  eflBciency  of  which  in  putting  a  stop  to  the  un- 
*' warrantable  fouling  of  streams  has  in  Scotland  been 
"proved  over  and  over  again.  It  remains  yet  to  be 
"  seen  whether  ^e  new  broom  will  sweep  cleaner."  This 
was  written  in  1879.  Again,  after  describing  the  pro- 
visions of  the  Rivers  Pollution  Prevention  Act,  he  says, 
"It  thus  appears  that  the  Act  is  not  a  very  thorough- 
"  going  measure ;  and  it  is  not  wondeiful  that  in  prac- 
"tice  the  old  Common  Law  has  been  found  to  be  still  in 
*'  many  cases  the  more  available  weapon."^  The  usual 
prficedure  in  such  cases,  if  the  matter  is  taken  into 
Court,  is  tiiat  the  poUution  is  either  proved  to  exist,  or 
it  is  admitted,  and  in  thaib  case  the  Court  usually  appoints 
an  engineer  and  a  chemii^  or  the  one  or  the  other,  to 
prescribe  a  scheme  which  shaU  put  an  end  to  the  pollu- 
tion, and  the  Court  requires  the  polluters  to  carry  out 
thnt  scheme.  There  was  a  case  in  the  burgh  of  Duns,  in 
Berwickshire.  A  proprietor  raised  an  action  against  a 
local  authority  and  it  was  in  the  Courts  for  a  great  many 
years,  and  an  encfineer  and  a  I'rofessor  of  Chemistry 
acted  jointly  in  decidinf?  what  was  necessary.  The  pro- 
prietor wanted  someithing  more  to  be  done  ;  but  the 
Court  always  upheld  the  reports  of  the  experts,  and 
finally  the  matter  was  taken  out  of  Court  on  a  joint 
minute.  The  power  of  action  at  Common  Law  is,  I  think, 
o^  some  importance. 

200.  Are  there  any  local  Acts  which  deal  with  the 
subject  ?— There  are  two  local  Acts  that  I  know  of  which 
arc  of  some  importance.  One  of  them  is  the  Water  of 
Leith  Sewerage  and  Purification  Act — that  is  the  Edin- 
burgh Pollution  case.  A  small  river  passes  through 
Edinburgh,  which  was  very  seriously  polluted,  chiefly 
by  refuse  from  paper  mills  and  also  by  the  sewage  of 
Edinburgh  and  of  Leith,  and  there  being  no  power  under 
the  Statute  law  to  deal  with  the  matter,  they  got  a 
private  Act  which  is  important  in  certain  particulars.  I 
think  one  of  those  is  as  to  the  constitution  of  the  Com- 
misnon.  The  Commission  consists  not  only  of  repre- 
sentsHvee  of  the  local  authorities,  but  also  of  representa- 
tives of  the  occnpiei^  of  the  polluting  mills — ^they  are 
members  of  the  Cr>mmission.  Tlien  there  are  very  exten- 
sive powers.  They  ran  a  larg;e  sewage  down  the  valley 
of  the  river,  and  they  required  all  existing  sewers  to 
connect  with  it^  and  to  be  disjoined  from  any  connection 
with  the  river,  and  they  required  all  new  sewers  t«%  he 
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connected  with  it.    They  present  aU  sorts  of  pollution     Mr.  a. 
from  going  into  the  river,  they  lay  down  the  rules  as  to    '*^^^]W- 
what  sort  of  liquid  may  be  passed  from  the  mills  into  is  juiy  isoa. 
the  river,  and  not  only  with  regard  to  what  one  would 
call  noxious  pollution,  but  also  with  regard  to  mere  tur- 
bidity ;  they  prohibit  solid  matter,  they  prohibit  all  sorts 
of  poUutiony  and  they  can  lay  down  the  extent  to  which 
turbid  water  is  allowed  to  be  passed  into  the  river.     Alto- 
geither  it  is  a  very  efficient  Act,  and  it  has  proved  very 
effective. 

201.  It  has  proved  very  effectiTe  ?— It  has  proved  very 
effective.  Then  the  cost  is  met  by  an  assessment  which 
is  levied  by  the  various  locid  authorities,  and  abo  an 
assessment  on  the  ocoupders  of  the  mills.  They  pay  a 
fixed  asseeement  of  2s.  3d.  in  the  £  on  the  valuation  of 
their  mill&  Then  the  other  Act,  which  is  the  only  other 
local  Act  I  know  of  in  Scotland,  is  the  Glasgow  Sewage 
Act.  The  Corporation  of  Glasgow  determined  to  carry 
out  purification  woiiks,  and  they  obtained  private  Acts 
for  the  purpose.  They  are  carrying  out  works  at  a 
certuin  part  of  the  Clyde,  and  they  have  powers  not  only 
to  deal  with  their  own  sewage,  but  with  the  sewage  of 
the  districts  through  which  their  main  sewer  passes  on 
the  way  to  the  works. 

202.  Th«y  carry  it  into  the  Clyde,  do  they?— They 
have  purification  works,  but  I  understand  they  are  not 
completed  yet.  Of  course,  I  only  know  about  tiiis 
froon  outside  knowledge,  because  the  matter  does  not 
come  before  the  Local  Government  Board.  But  those 
are  the  only  two  local  Acts  that  I  know  of. 

203.  Can  you  give  us  any  information  as  to  the  prac- 
tice of  the  Local  Government  Board  in  dealing  with 
schemes  of  sewage  disposal? — The  Local  Government 
Board  have  very  little  to  do  in  th<e  matter.  Under  the 
Rivers  Pollution  Prevention  Act,  as  I  have  explained, 
the  Seoretazy  for  Scotland  is  the  central  authority.  Of 
course,  there  are  these  schemes  of  utilisation  of  sewage 
which  come  before  the  Board  for  approval ;  if  the  contract 
extends  beyond  five  years  the  approval  of  the  Board  is 
necessary,  but  tho  Board  do  not  go  into  the  merits  of 
these  schemea 

204.  As  I  understood,  the  sanction  of  the  Local  Govern- 
ment Board  is  not  necessary  for  raising  the  loans  at  all  ? 
— ^NV>.  Tbe  ooSy  oum  in  whdch  these  schemes  come 
before  the  Board  with  regard  to  loans  is  when  the  Local 
Authority  wishes  to  borrow  from  the  Public  Works  Loans 
Oommissioneni.  In  those  cases  the  recommendation  of 
the  Board  is  required  before  the  Loans  Commissioners 
wis  give  the  money. 

205.  But  in  a  scheme  for  dealing  with  sewage  disposal 
if  they  are  going  to  borrow  money  locally  on  the  security 
of  their  rates,  the  Local  Gkyvemment  Board  need  never 
hear  of  the  scheme  or  anything  about  it,  need  they  1 — 
Possibly  not;  they  need  not.  As  a  matter  of  fact,  it 
is  onfy  the  smaHer  schemes  that  come  before  the  Board  ; 
the  laiger  Corporations,  as  a  rule,  borrow  outside  ;  they 
can  borrow  privatejk  ;  but  the  smaller  bodies  prefer  to 
go  to  the  Public  Woifa  Loan  Board,  and  accordingly 
tiieir  applications  come  through  the  Local  Government 
Board,  ukl  that  constltuiies  the  only  practice  of  the  Local 
€k)ivermnent  Board  with  regard  to  sewage  schemes. 

206.  Of  course,  they  may  require  dealing  with  in  the 
same  way  ae  they  would  in  England? — ^Very  much  the 
same  way,  except  that  the  Board  in  Scotland  have  .no 
permanent  offidal  of  their  own  :  they  have  no  staff  to  deal 
with  the  matter,  and  they  appoint  an  outsider,  generally 
an  engineer  in  practice,  to  report  on  the  works.  But  i^ey 
do  not  take  any  great  responsibility  with  regard  to  seein«{ 
that  the  sewage  works  carry  out  the  provisions  of  the 
Rivers  Pollution  Prevention  Act ;  they  do  not  hold 
themselves  responsible  for  that,  although  they  do  go  into 
tiie  matter.  The  engineer  generally  reports  whether  the 
scheme  complies  with  the  existing  law  or  not,  and  if  it 
does  not,  the  Board  dedinea  to  recommend. 

207.  But  have  they  laid  down  any  rules  or  conditi(»is 
on  whioh  they  insist  before  recommending  a  loan  for 
sewage  works  f — "So  ;  they  have  laid  down  no  rule,  each 
case  is  considered  on  its  merits,  and  the  report  of  the 
engineer  carries  great  weight  with  the  Board. 

208.  But  wouild  they  insist  in  Scotland  on  some  land 
treatment  of  sewage? — ^Not  necessarily  land  treatment. 

200.  And  beyond  these  applications  for  loans  have  the 
Board  any  means  of  knowing  what  action  has  been 
taken  throughout  Scotland  in  connection  with  sewage  di^ 
posal? — Well,  there  are  one  or  two  sources  of  information. 
Perhaps  the  most  frequent  is  complaints  by  individuals  of 
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Mr.  A.  nuisances  arising,  and  some  of  those  are  rather  important 
Murray,  j^cently  in  the  Burgh  of  Rothes,  where  there  are  several 
12  July  1808.  distilleries,  there  was  a  complaint  of  the  yeiy  serious  pol- 
lution of  the  riyer  there,  and  the  Board  put  pressure  on 
the  local  authority  and  they  have  carried  out  works  of 
precipitation  and  land  filtration.  I  do  not  know  whether 
they  are  very  successful  yet  or  not,  but  in  that  case  the 
Board  declined  in  the  first  instance  to  recommend  that  t^he 
local  aiathorily  should  get  a  loan  because  the  amount  )f 
land  they  had  devoted  to  the  purpose  was  not  sufficient  m 
the  opinion  of  the  engineer. 

210.  But  I  understand  that  the  Local  Government 
Board  do  not  make  an  absolute  rule  that  land  treatment 
should  form  part  of  the  sewage  schemes  ? — ^No,  they  have 
no  absolute  rule ;  they  have  not  laid  down  a  rule.  Per- 
haps another  source  from  which  the  Board  have  derived 
quite  as  much  information  is  the  reports  of  the  County 
Hedicail  Officers  and  Sanitary  Inspectors.  Those  are 
expert  sanitary  officers,  and  they  report  yearly  to  the 
Local  Government  Board.  Their  reports  always  describe 
any  new  schemes  of  sewage  disposal  and  also  refer  to  any 
outstanding  cases  of  pollution.  In  that  way  the  Local 
Government  Board  have  a  fair  idea  of  the  action  that  uas 
been  taken  in  regard  to  sewage  disposal 

211.  (Mr.  Killich.)  I  should  like  to  ask  if  manufac- 
turers  as  a  rule  treat  their  sewage  in  Scotland? — ^I  am 
afraid  not,  so  far  as  I  am  aware. 

212.  And  sanitary  authorities — do  they  as  a  rule  treat 
their  sewage  effluent? — ^Well,  speaking  as  to  the  practice 
within  recent  years,  they  do. 

213.  They  do  ? — ^Within  recent  years. 

214.  (Ma jor '  General  Carey.)  Can  any  pressure  be 
brought  to  bear  on  a  sanitary  authority  if  it  is  not  borrow- 
ing money  from  the  Public  Works  Commissioners  for 
carrying  out  schemes  of  sewerage  or  sewage  disposal? — 
Yes.  U  the  attention  of  the  Lc^l  Government  l^ard  is 
called  to  their  failure  to  carry  out  the  law  the  Local 
Government  Board  put  pressure  on  the  local  authority, 
and  may  possibly  take  action  against  them. 

215.  They  do  not  come  to  them  for  approval  of  the 
scheme  ? — ^No.  Where  the  Local  Government  Board  take 
action  in  the  Courts  against  a  local  authority,  then  the 
•cheme  is  carried  out,  as  I  explained,  under  a  remit  to 
an  engineer,  or  an  engineer  and  a  chemist)  and  this  work 
has  to  be  done  not  to  the  satisfaction  of  the  Local  Govern- 
ment Board  but  to  the  satisfiaction  of  the  Court. 

216.  (Mr.  Cotton.)  I  should  like  to  ask  if  there  is  any 
provision  in  the  Scots  Act  corresponding  to  Section  290 
of  the  English  Act,  under  which,  if  a  complaint  is  laid  by 
anyone  that  a  local  authority  are  in  defaul^not  providing 
sufficient  sewerage  for  their  district — the  Local  €k>vem< 
ment  Board  must  inquire  into  it,  and  if  it  is  proved,  must 
proceed  to  enforce  by  mandamus ;  is  there  any  provision 
of  that  kind  enabling  anyone  to  make  a  complBunt?— No ; 
there  is  no  provision  in  the  Scots  Act  authorising  any  in- 
dividual to  make  complaint  to  the  Local  Government 
Board.  As  a  matter  of  practice  they  do,  but  the  Local 
Government  Board  are  not  bound  to  act ;  they  ^^  not 
obliged  to  act  on  the  complaint  of  an  individual,  but  if 
they  are  satisfied  that  the  complaint  is  well  founded,  and 
that  it  is  in  the  public  interest  for  the  Board  to  interfere, 
they  frequently  interfere,  but  if  it  is  merely  a  nuisance 
to  an  individual  I  should  think  it  very  unlikely  that  they  . 
would  interfere. 

217.  And  would  the  interference  be  in  the  same  way— < 
to  get  a  rule  of  the  Court  to  compel  the  local  authority 
to  do  it? — Tes,  that  would  be  the  procedure. 

218.^  (Dr.  BtisseU.)  I  think  you  said  that  the  Bivers 
Pollution  Prevention  Act  was  administered  in  Scotland 
under  the  Secretary  for  Scotland? — Yes. 

219.  And  not  under  the  Local  Government  Board.  So  that 
vou  really,  as  repreeraiting  the  Locsl  Government  Board, 
nave  no  official  knowledge  of  what  has  been  done  under 
the  Bivers  Pollution  Prevention  Act  in  Scotland? — No, 
iJiat  is  so.  I  have  really  veiy  little  officisl  knowledge  of 
what  has  been  done  under  the  Bivers  Pc^ution  Provention 
Act.  The  inspector  under  the  Bivers  Pollution  Preven- 
tion Act  is  the  servant  of  the  Secretary  for  Scotland,  and 
not  of  the  Local  Government  Boaxd. 

220.  There  is  an  inspector  in  ScotLind  imdor  the  Bivers 
Pollution  Prevention  Act?— Tee,  Mi.  Curphey  is  the  In- 
spector. 

221.  I  think  he  is  also  the  Jsmpec  bor  under  the  Alkali 
~  believe  he  ia 


222.  Does  he  make  periodical  reports,  a  make  reports 
to  the  Secretary  for  Scotland  ?— Yes,  he  makes  reports  to 
to  the  Secretary  for  Scotland.  I  saw  the  other  day  there 
was  a  report  of  hia  published — a  series  of  reports. 


223.  In  which  he  gives  an  account  of  the  inquiries 
which  he  had  held  at  the  order  of  the  Secretary  for  Scot- 
land under  the  Act^Yes. 

224.  And  in  order  to  get  information  as  to  his  woxk 
and  the  result  of  those  inquiries,  one  would  need  to  refer 
to  those  reports  ?— Yes,  those  are  the  only  means  the  Local 
Government  Board  has  of  obtaining  that  information. 

226.  And  as  to  the  common  law  of  Scotland,  you  have 
told  us  chiefly  it  was  employed  with  reference  to  pollu- 
tion by  local  authorities  ?— Weil,  not  chiefly ;  it  has  been 
employed  against  local  authorities,  but  I  cannot  say 
whether  chiefly  or  not.  As  a  matter  of  fact,  the  cases 
are  not  all  reported.  In  Scotland  in  the  Law  Beports 
cases  tried  before  a  jury  are  not  often  reported,  bemuse 
they  are  questions  of  fact,  and  the  Law  Beports  contain 
chiefly  cases  which  deal  with  questions  of  law, 

226.  Is  there  any  source  to  wihicib  wo  could  refer  as 
being  likely  to  get  information  of  such  oaseft-any 
autoonsed  source,  law  repeats  or  anything  of  that  sort  ? 
--There  are,  of  course,  the  law  leports,  the  Court  of 
Sessions  cases,  and  then  there  is  Professor  jttankine'.s 
book,  his  woik  on  the  Law  of  Landownership  in  Scotland. 

227.  Perhaps  you  know  as  matter  of  common  knowtedge 
in  Scotland  that  there  have  been  numerous  very  eerious 
cases  dealing  with  very  important  industries  ait  common 
law  m  certain  rivers  ?--iDh,  yes. 

228.  Such  as  paraffin  oil  works  ?->Ye8. 

229.  And  distiUeaies  ?— Yes.  Thece  was  one  recently  ; 
the  Countess  of  Seafield  broughi  an  action  against  thij 
distilleries  on  the  Spey. 

230.  Woollen  manufactories  and  paper  maaufoctories  ? 
—Yes ;  paper  mills.  Some  years  ago  there  was  a  very 
important  case— the  Duke  of  Bucdeuoh  against  the  paper- 
maikeis  on  the  £sk.  That  is  perhaps  the  leading  esse  on 
the  subject,  and  the  law  was  very  fully  kid  down  in  that 
case.  It  was  a  case  which  went  on  for  a  long  time.  The 
pollution  was  dealt  wi^ih  under  reports  from  engineen  and 
chemists — chemists  chiefly— appointed  by  the  Court. 

231.  They  appoint  a  chemist  or  engineer  as  a  r^eree 
and  he  reports,  toid  according  to  his  report  the  manu- 
facturer is  put  under  certain  restrictions  ;  that  is  the 
practical  issue,  is  it  not?— Yes,  that  is  really  what  it 
comes  to.  The  pollution  being  admitted,  then  ,the  Court; 
says  that  it  is  to  be  put  an  end  to,  and  the  proceduro  they 
take  is  to  appoint  an  expert  to  repcnrt  as  to  w£at  is  neceseai^ 
to  put  an  end  to  the  pollution.  He  reports,  but  usually 
the  manufacturers  are  given  a  reasonaole  time  to  carry 
out  t^e  recommendations  of  the  report,  and  also  the  Court 
allows  some  time  to  see  whether  those  recommendations 
are  really  effective. 

232.  I  think,  in  fact,  they  sometimes  give  an  appoint- 
ment for  a  continuity,  it  may  be,  of  years  to  ^ome  authority 
to  act  as  an  insnector  over  individual  works  or  classes  of 
works  ? — ^Yes.  I  do  not  know  whether  the  Court  appoints 
the  engineer  or  chemist  for  a  specific  number  of  years,  but 
as  a  nuitter  of  fact  the  experiments  go  on  for  a  number  ^f 
years  under  the  chaige  of  the  person  to  whom  it  is  re- 
mitted— ^the  engineer  or  chemist^  as  the  case  may  be. 

233.  So  that  the  practical  result  of  that  is  with  reference 
to  a  person  engaged  in  an  important  industry,  that  from 
the  accident  of  being  situated  upon  a  river  within  the 
sphere  of  this  person  who  takes  the  action  at  common 
law  he  may  be  subjected  to  restrictions  which  no  other 
person  competing  with  him  is  subjected  to  at  aU? — ^Yes. 
Well,  of  course,  the  law  is  the  same  for  evervone,  but  it 
is  not  every  proprietor  who  seeks  to  enforoe  it. 

234.  Exactly  ?— Yes. 

236.  I  think  as  regards  the  water  of  Leith  you  said  it 
was  very  effective— the  results  of  that  Commission? — Yes, 
that  is  so. 

236.  As  matter  of  fact  it  was  practioaUy  a  common  sewer 
before  the  Commission  was  ins^tuted  ?— Yes,  towaxds  the 
mouth  it  was  really  a  common  sewer. 

237.  I  think  it  lias  been  stocked  with  trout  now,  has 
it  not  ? — Yes,  and  there  is  evidence  to  the  eye  of  evervone 
that  the  means  'have  been  quite  effectual* 
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Mr.    L.    E.   H*   DsANB,   Engkieeriiig  Inspector,   Local  Government  Board  for  Ireland,  called ;  and  Examined. 

238.  {Chairman,)  You  are  one  of  the  Engineering  In- 
spectors of  the  Local  Government  Board  for  Ireland? — 
xes* 

259.  You  have  seen  the  evidence  given,  before  this  Com- 
mission  bv  Mr.  Adrian  ? — ^Yes. 

240.  The  provisions  of  ihe  Public  Health  (Ireland)  Act, 
1878,  are  vary  nearly  identical  witii  those  of  thie  Fublic 
Health  Act,  1876  ? — Yes,  read  witb  tbe  amending  Public 
Health  (Ireland)  Act,  1896. 

24L  Would  you  point  out  any  practical  differences  that 
exist  between  .what  I  may  caH  the  English  and  the  Irish 
A ct«?— Premising  that  the  expression  "local  authority" 
in  the  English  Act  is  replaced  by  "sanitary  authority" 
m  the  Irish  Act,  I  find  that  Swtions  27,  29,  30,  and  31 
of  the  English  Act  relating  to  "  Disposal  of  Sewage  "  are 
identical  with  Sections  30,  32,  33,  and  34  of  the  Lnsh  Act. 
Sections  32,  33,  and  34  of  the  English  Act,  "  As  to  Sewage 
Works  witliout  District,''  are  the  same  as  Sections  36,  36. 
and  37  of  the  Irish,  with  ohangee  as  to  notices  to  be  served 
consequent  on  differences  in  the  constitution  of  the  road 
authorit  its  in  the  two  countries.  Section  16  of  the  English 
Act,  giving  pcweis  to  make  sewers  within  or  without  the 
district  ai  the  local  authority  is  identical  with  Section  16 
(f  the  Irish  Act  Section  28  of  the  English  Act,  as  to  the 
communication  of  sewers  of  adjoining  local  authorities  m 
identical  with  Section  31  of  the  Irish  Act.  Section  285 
of  the  English  Act,  giving  local  authorities  power  to 
execute  works  in  adjoining  districts,  and  to  comibine 
for  execution  of  works  h^  no  corresponding  section 
in  tht  Irish  Act  of  1878,  but  Section  2  of  the 
Public  Health  (Ireland)  Act,  1896,  gives  exactly 
similar  powers  so  far  as  sewage  dispoaal  is  oon- 
oemed.  The  provisions  of  the  English  Act  relating  to  the 
constitution  of  united  districts  under  joint  boards  are  con- 
tained in  Sections  279,  280,  281,  283,  and  284,  and  pro- 
visions practically  the  same  are  contained  in  Sections  12, 
13, 14,  236,  and  236  of  the  Iriedi  Act,  and  the  procedure  is 
as  deseribed  by  Mr.  Adrian  in  this  answer  to  question  86. 
The  provisions  of  the  English  Act  relating  to  "Purchase 
of  Lands  "  are  contained  in  Section  175,  which,  as  far  as 
sewage  disposal  is  concerned,  is  die  same  as  Section  202 

of  the  Irish  Act,  and  Section  176  is  also  practically  the 
same  as  Section  203  of  the  Irish  Act  of  1878 ;  but  the  pro- 
cedure under  it  has  been  greatly  modified  by  Section  8  of 

the  Public  Health  (Ireland)  Act,  1896,  whicfo  enacts  that 

"  the  provisions  of  the  Lands  Clauses  Acts  with  respect 

to  tiie  purchase  and  taking  of  lands  otherwise  than  by 

<igreeanent^  shall  be  deemed  to  ho  amended  by  the  pro- 
visions contained  in  the  Second  Schedule  of  the  Housing 

of  the  Working  Classes  Act,   1890,  and  such  provisions 

shall  (subject  as  by  this  Section  provided)  be  deemed  to 

form  part  of  the  principal  Acts  as  if  therein  expressly 

enacted."    This  provision  has  greatiy  simplified  the  pro- 

ceedingi  to  put  in  force  powers  of  compulsoir  purchase 

under  l!ie  PubHo  Health  Acts  in  Ireland,    (l)  On  the 

application  of  the  sanitary  autthoritv  the  Local  Qovemment 

Board  appoints  an  arbitrator.     (2)  The  Ari[>itrator  having 

received  the  claims,  and  having  heard  all  parties  in- 
terested, makes  his  award  as  to  compensation  and  accom- 
modation works.     (S)  Such  award  is  final,  and  cannot  be 

appeaJed  from  except  where  more  than  £1,000  is  awarded 

to  any  one  party,  and  then  only  with  the  consent  of  the 

High*  Court.      The  proceedings   are   thus   very   much 

shortened,  vnd  the  trouble  and  cost  of  appeals  to  juries 

are  avoided.     Section  177,  which  is  the  same  as  Section 

204  of  the  Irish  Act.     Section  234  of  the  English  Act  as 

to  the  exerdae  of  borrowing  powers,  and  •Section  235,  as 

to  borrowing  on  credit  of  sewage  land  and  plant,  are  the 

SMne  as  Sections  238  and  239  of  t^e  Irish  Act    Sections 


Mr.  L.If  JU 
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51,  69,  306,  306,  307  and  308  of  the  English  Act,  which  ^o  jo^iso) 

deal  with  minor  matters  auxiliary  to  a  scheme  of  sewage 

disposal,  ore  identical  with  Sections  61,  78,  271,  272,  273 
ana  274  of  the  Irish  Act  respectively.  Sections  17  and 
327  to  333  of  the  Englis^h  Act,  containing  restrictions,  are 
identical  with  Sections  19  and  281  to  287  of  the  Irish  Act. 
Those  are  the  differences. 

242.  Have  you  any  remarks  to  make  as  to  the  applica- 
tion of  the  lUvers  Pollution  Prevention  Act  to  Ireland  I — 
As  regards  the  Rivers  Pollution  Prevention  Act,  1876,  the 
evidence  of  Mr.  Adrian,  except,  of  course,  when  he 
referred  to  the  Lea  Conservancy  Board  and  County 
Councils,  fully  applies  to  Ireland. 

243.  Have  you  anytiiing  to  say  as  to  the  practice  of  the 
Local  Government  Board  for  Ireland  in  dealing  with 
schemes  of  sewage  disposal? — ^The  Local  Govemm^ii 
Board  for  Ireland  will  not  sanction  a  loan  for  any  scheme 
contravening  the  provisions  of  the  Rivers  Pollution  Pre- 
vention Acts.  Owing,  probably,  to  the  fact  that  the  prin- 
cipal towns  in  Ireland  are  situated  near  the  sea,  and  on 
tideways,  very  few  schemes  for  special  sewage  disposal 
have  been  proposed  or  approved  at.  Becently  two  of  the 
larger  inland  towns  have  proposed  treatment  on  the  septic 
system,  and  the  Board  have  intimaited  that  no  applica- 
tion for  loans  for  this  purpose  will  be  entertained  except 
land  for  irrigation,  before  discharge  into  a  stream  is  pro- 
vided at  the  rate  of  one  acre  for  every  two  thousand  in- 
habitants, and  steps  have  been  taken  to  acquire  sufficient 
land  accordingly  in  each  case. 

244.  Does  the  Local  Government  Board  for  Ireland 
exercise  any  supervision  over  schemes  for  sanitary  works  ? 
— ^Not  over  the  execution  of  the  works.  When  Govern- 
ment loans  for  sanitary  purposes  are  granted,  i.e.,  loans 
advanced  by  the  Commissioners  of  Public  Works  in  Ire- 
land, acting  with  the  consent  of  the  Treasury,  the  loans 
are  advanced  in  instalments,  as  may  be  ^m  time  to  time 
recommended  by  the  Local  Government;  Board,  who 
satisfy  themselves  that  the  previous  instalments  have  been 
expended  on  the  works  for  wiiich  the  loans  were 
sanctioned,  without,  however,  accepting  any  responsibility 
as  to  the  way  in  which  the  works  have  been  executed,  for 
whi<^  the  sode  responsibility  rests  with  the  professional 
advisers  of  the  sanitary  authorities.  When  works  bave 
been  completed  under  Government  loans,  no  further  super- 
vision is  exercised  by  the  Local  Government  Board  for 
Ireland.  Kinety  per  cent,  of  the  loans  ^borrowed  for  sani- 
tary works  in  Ireland  are  advanced  by  the  Commissioners 
of  Public  Works  in  Ireland  acting  for  the  Treasury. 

245.  Have  any  proceedings  been  taken  under  the  Bivers 
Pollution  Prevention  A:  ts  in  Ireland  1 — None  that  I  am 
aware  of. 

246.  (Oolorui  Harding,)  I  merely  want  to  ask  if  I  may. 
You  say  that  in  Ireland  very  little  progress  has  been  made 
in  connection  with  sewage  treatment  on  account  of  the 
cities  being  mainly  in  the  littoral  7— Exactly. 

247.  And  in  the  way  of  the  treatment  of  trade  effluents 
very  little  has  also  been  done  ?— Yery  little  has  been  done. 

248.  Can  you  tell  us  in  the  cases  where  anything  has 
been  done,  what  has  been  the  system  generally  adopted  7 
— Nothing  has  been  done  as  yet,  but  in  two  cases — ^Armagh 
and  Lisbum,  the  septic  system  has  been  proposed. 

249.  Proposed  only  7— Yes,  proposed,  not  carried  out. 
There  may  have  been  some  small  loans,  I  cannot  recollect. 

250.  In  the  case,  for  instance,  of  Belfast,  is  nothing  done 
for  the  treatment  of  sewage,  or  is  it  carried  out  to  sea  7^ 
That  is  tidal.    lb  is  carriea  out  to  sea. 

251.  It  is  discharged  untreated  into  the  tidal  7 — ^Yes. 


Mr.  R.  A.  Tatton,  M.I.C.E.,  called;  and  Examined. 


252.  (CTUnrmon.)  We  are  very  much  obliged  to  you  for 
taking  so  much  trouble  to  put  your  evidence  in  such  a 
very  convenient  form.  You  are  the  Chief  Inspector  to 
the  Mersey  and  Irwell  Joint  Committee  7 — ^Yes,  I  am. 

253.  And  you  were  c^ppointed  to  the  position  in  Novem- 
ber, 1891 7— That  is  so. 

254.  Now  the  first  question  would  be  to  describe  the 
origin  and  formation  of  the  Joint  Committee? — The  for- 
mation of  the  Joint  CcMnmittee  was  the  outcome  of  a 
very  general  feeling  in  Lancashire  and  Cheshire  that  the 
pollu^  condition  of  the  rivers  Mersey  and  Irwell  was  a 
disgrace  and  a  nuisance,  and  that  little  was  likely  to  be 
done  for  the  improvement  of  these  rivers  under  the  then 
•Kifltiiig  means  for  enforcing  the  BlTers  Pollution  Preven- 
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tion  Act.     This  Act  had  been  in  force  since  1876,  but  it     ^±^ 
was  practically  a  dead  letter.    It  was  very  difficult  for  an  i*  July  laes. 

Authority  to   bring  proof  of  pollution  w3thki  its  own      

area  against  poUutors  outside  that  area,  and  an  Authority 
was  unwilling  to  purify  its  own  effluents  whilst  others  on 
the  stream  did  nothing.  The  oonstruotion  of  the  Man- 
chester Ship  Canal,  in  which  the  waters  of  the  Rivet 
Irwell  are  impounded  for  several  days  or  even  weeks  in 
dry  weather,  made  the  improvement  of  the  rivers  a 
matter  of  urgency.  On  the  83rd  of  August,  1889,  a  con- 
ference of  Sanitary  Authorities  in  the  wiritmhed  of  the 
Mersey  and  Irwell  was  held  in  the  Town  Hall,  Man- 
chesrber,  and  presided  over  by  Lord  Egerton  of  iV^tfcon. 
At  th»t  meeting  the  foUowing  reaolutiom  were  agraed  to  * 
—(1)  That  the  County  Oottncfls  of  Lme&Am  and  Cho- 
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ROTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  R,  A.   shire  and  of  the  Covaky  Boroughs  therein  be  respectfully 
uTcm'     r^'J^sted  to  exercise  the  powers  conferred  upon  them 
JJ.  •     under  Section  14  of  the  Local  Gk)vemmen.t  Act,  1888,  to 
12  Jniyigfle.  compel  all  Authoiitiea  whose  sewage  passes  into  the  rivers 
Hersej  and  Irwell  and  their  tributaries  to  take  immediate 
measures  for  complying  with  the  provisions  of  the  Bivers 
Pollution  Prevention  Act     (2)  That  the  County  Councils 
of  Lanoa^hire  and  Cheshire  and  the  Councila  of  the  County 
Boroughs  in  the  watershedfl  of  the  Mersey  and  Irwell  be 
inviibed  to  appoint  represmtatives  to  this  Committee.    (3) 
That  the  attention  of  this  Committee  having  been  called 
to  complaints  arising  from  the  condition  of  the  water  of 
the  Biver  Medlook,  this  Committee  respectfully  requests 
all  Authorities  whose  sewage  passes  into  that  river  to  take 
immediate  measures  for  complying  with  the  Bivers  Pol- 
lution Prevention  Act,  as  the  period  has  arrived  when  it 
16  necessary  that  legal  action  be  taken  to  enforce  that 
Act.    These  resolutions  were  sent  to  the  County  Councils 
of  Lancashire  and  Cheshire,  whioh  bodies  decided  to  apply 
to  the  Local  Gk>vemment  'Board  under  the  14th  seotion 
of  the  Local  Gk>vemment  Actf  18^    Li  Juty,  1890,  a 
second  conference  was  held  in  Muichester  of  representa- 
tives of  the  County  Counci])»  of  Lancashire  and  Cheshire 
and  of  the  different  County  Boroughs  within  the  water- 
shed.   At  that  conference,  which  was  presided  over  by 
Sir  J.  T.  Hibbert  (then  Mr.  Hibbert),  it  was  unanimoiHly 
decided  to  support  the  application  to  the  Local  Govern- 
ment Board,  and  a  basis  of  representation  and  payment 
of  expenses,  was  agreed  upon.     As  the  result  of  the  ap- 
plication to  the  Local  Government  Board,  a  local  inquiry 
.    was  held  by  CoL  Ducat  and  Dr.  Thompson,  at  Manches- 
ter, in  December,  1890,  whifch  was  attended  by  represen- 
tatives of  the  different  counties,  county  boroughs,  and 
other  Authorities  within  the  area,  and  also  by  represen- 
tatives of  the  manufacturers.     The  manufacturers  strongly 
supported  the  application,  and  their  views  were  expressed 
in  the  following  words,  quoted  by  Sir  John  Hibbert  at 
that  inquiry : — "  The  manufacturers  say  that  without  co- 
operation between  the  different  bodies  and  the  manufac- 
turers no  real  improvement  would  be  effected  in  the  rivers. 
They  also  submit  that  individual  cases  ought  not  to  be 
taken  indiscriminately,  or  deait  with  separately,  without 
oome  assurance  being  given  that  others  in  the  district, 
in  competition  would  be  treated  on  the  same  principle." 
The  outcome  of  this  inquiry  was  that  a  Provisional  Order 
was  issued  by  the  Local  Government  Board,  dated  the  dth 
day  of  May,  1891,  which  was  confirmed  l^  the  Local 
Government   Board's   Provisional    Orders   Confirmation 
(No.  10)  Act  1891,  constituting  the  Joint  Committee  of 
the  Bivera  Mersey  and  Lnvell.    A  further  order  was 
snbsequentiy  issued  to  comply  with  Artlde  EX.  of  the 
previous  Order,  fixing  the  place  and  time  at  which  the 
first  meeting  of  the  Joint  Committee  was  held. 

255.  Will  you  afcate  the  constitution  of  the  Joint  Com- 
mittee 9— The  representation  on  the  Joint  Committee  was, 
by  the  ProviBional  Order,  fixed  as  foUows: — Lancashire 
County  Council,  8  members ;  Cheshire  County  Council, 
3 ;  County  Borough  of  Bolton,  1 ;  County  Borough  of 
Bury,  1 ;  County  Borough  of  Manchester,  6  ;  County 
Borough  of  Oldham,  1 ;  Oounty  Borough  of  Bochdale,  1 ; 
County  Borough  of  Salford,  2  ;  Comity  Borough  of  Stock- 
port, 1 ;  total,  24  m«nvben».  The  first  meeting  was  held 
at  the  Assize  Courts,  in  Manchester,  on  the  5th  day  of 
October,  1891. 

256.  Towards  what  objects  was  the  first  work  of  the 
Joint  Oommittee  directed  ?— The  early  efforts  of  the  Join* 
Committee  were  directed  chiefly  towards  the  prevention 
of  ao&d  pollution,  and  oonsidera/ble  advance  was  made ; 
a  sorvey  was  also  made  of  all  the  sources  of  pollution  by 
sewage  and  manufiActurers'  waste  waters.  It  was,  how- 
ever, soon  found  that  the  Bivers  Pollution  Prevention 
Act  of  1876  was  in  many  ways  unsatisfactory  and  difficult 
of  application,  and  it  was,  therefore,  resolved,  on  the 
7ih  of  December,  1891,  to  apply  to  Parliament  for  further 
powers.  The  Bill  was  opposed  by  certain  of  the  boroughs 
and  local  authorities,  but  was  supp<Mrted  by  the  manu- 
ftwtorerB,  who  from  the  first  expressed  the  opinion  that 
they  woijid  derive  great  benefit  from  the  rivers  being  im- 
proved, and  who  have,  as  a  rule,  shown  great  willingness 
to  mecit  the  CommittTee.  The  improvement  which  has 
already  taken*  place  in  the  rivers— and  this  is  very  marked 
in  the  ugper  reaches — Is  in  a  large  measure  due  to  what 
has  been  done  by  the  manolaetureni  for  the  treatment  of 
their  waste  waters,  and  for  the  prevention  of  cinders  and 
solid  matter  being  thrown  into  tiie  river.  The  progress 
made  by  the  Joint  Committee  is  set  forth  in  reports 
whkh  have  from  time  to  time  been  made.  Copies  of 
these  Mpoits  have  been  laid  before  the  Commission. 


257.  Have  y;ou  considered  .the  question  of  a  Standard 
of  Purity  being  adopted  for  Trade  Effluents? — The  ques- 
tion of  adopting  standlarde  was  considered  by  the  Joint 
Committee  at  an  early  date,  and  it  was  decided  that  no 
fixed  standards  should  be  adopted.  This  principle  has 
been  adhered  to^  and  is  embodied  in  a  memorandum  dated 
November  2nd,  Ib^o.  There  seemed  to  be  strong  reasons 
for  this  oourae,  the  facilkies  for  erecting  plant  for  the 
treatment  of  waste  waters  varying  so  much  with  different 
works.  Where  worKs  are  situated  in  the  country,  with 
plenty  of  vacant  land  around,  good  tanks  and  filters  can 
be  buih,  and  a  high  standard  of  excellence  attained  ;  but 
when  a  works  is  situated'  in  a  town,  with  no  available 
space  beyond  a  yard,  or  perhaps  a  tank  under  the  floor 
of  the  works,  tttie  difficulties  are  very  much  increased. 
If  a  standard  were  fixed  low  enough  for  aU  to  attain  to 
it,  woriks  fortunately  situated  would  be  let  off  more  easily 
than  they  should  be,  and  they  ootild  not  be  compelled 
to  do  what  might  reasonably  be  expected  of  them.  The 
words  of  the  Act,  that  "the  best  practicable  and  reason- 
ably available  means "  be  used,  seemed  to  create  an  elas- 
tic standard,  which  is  always  capable  of  improvement  as 
experience  is  gained  ;  in  cases  of  prosecution  no  difficulty 
has  been  experienced  at  present  in  showing  that  the  best 
available  means  were  not  being  used. 

258.  Do  you  think  there  is  anv  desire  on  the  part  of 
manufacturers  to  have  fixed  standards  ? — ^The  question  of 
adopting  standards  is  from  time  to  time  discussed  at  con> 
ferences,  etc,  and  manufacturers  have  in  many  cases  advo- 
cated them,  so  that  one  cannot  close  one's  eves  to  the  fact 
that  they  are  a  possibility  of  the  future,  and  the  Commis* 
8ion  may  possibly  consider  the  matter.  If  adopted,  they 
should  be  string^ent  enough  to  be  attainable  by  those  works 
Didv  where  efficient  plant  can  be  erected.  It  would  be  most 
difficult  to  raise  the  standards  when  onoe  fixed,  and  ifa^ 
should,  therefore,  be  fixed  high,  and  the  Adounistmtive 
Boards  might  have  power  to  lefauc  them  for  a  limited 
peciod  until  experience  had  been  gained.  If  fixed  low, 
the  future  improvement  in  the  rif era  will  be  limited. 
The  difficulty  with  regard  to  works  so  situated  that  the 
attainment  of  the  standard  by  them  is  imposstble*  might 
be  gdt  over  by  the  admission  of  their  waste  waters  into 
the  sewens.  This  course  should  not  be  advocated,  I 
think,  as  a  general  rule,  as  the  admission  of  trade  waste 
complicates  the  treatment  of  the  sewage  at  the  outfall 
works  owing  to  its  varying  quality  and  quantity.  If  ad- 
mitted into  the  sewers,  it  seems  fair  that  the  manufac- 
turer should  pay  a  apecial  rate>  which  will  not  only  go 
towards  the  oo^  of  treaitmenit  at  the  outfall  works,  but 
wiU  abo  put  him  on  the  same  footing  as  the  manufacturer 
who  carries  oat  his  own  purifieation  works. 

259.  Has  the  Joint  Commfttee  considered  the  question 
of  Artificial  Filtration  being  in  ceobain  cases  sanctioned 
instead  of  land? — ^In  Ccto^er,  1893,  it  was  proposed  that 
a  deputation  from  the  Joint  Committee  should  wait  upon 
the  Local  Government  Board  to  urge  that  considerable 
delay  was  taking  place  in  the  progress  being  made  by 
Local  Authorities  with  their  sewage  schemes  owing  to  the 
Board's  requirements  as  to  the  purchase  of  land,  ami  I 
laid  the  following  report  on  the  subject  before  the  Com- 
mittee :  —On  the  subject  of  the  proposed  deputation  to  the 
Local  Government  Board,  I  would  call  the  attention  of  the 
Joint  Committee  to  the  f oUbwing  points :  — ^It  would  be 
difficult  to  show  any  system  of  sewage  treatment  equal  to 
that  required  by  the  Local  Grovemment  Board,  viz.,  preci- 
pitation in  tanks  and  subsequent  land  filtntion  on  an  Bnm 
of  sixkaUe  land,  and  the  Local  Gk>vemmmt  Board  have, 
therefore^  good  reason  for  insisting  on  this  system  if  land 
can  be  obinined.  There  are,  however,  cases  where  suit- 
atble  land  cannot  be  obtained,  or  only  at  great  cost,  and 
then  the  Local  GPovenmient  Board  might  well  modify 
their  hard  and  fast  rule.  In  these  cases  I  think  the 
Board  shouM  be  willing  to  pass  a  less  expensive  scheme 
if,  after  local  inquiry  it  is  satisfied  that  there  is  a  reason- 
able prospect  of  the  scheme  being  an  efficient  one,  at  the 
same  time  throwing  all  responsibility  on  the  Local 
Authority  if  the  scheme  shoidd  subseauent^y  prove  in- 
efficient. As  to  how  far  this  question  aaects  the  Authori- 
ties in  your  dirtrict,  I  would  point  out  that,  with  the  ex- 
ception of  two  or  three  cases,  all  the  Authorities  have 
conformed  to  tiie  Local  Govenmient  Board'e  requirements, 
and  that  a  deputation,  even  if  soocessfuil,  would  not 
materially  forward  the  object  we  have  in  view. 

In  April,  1897,  instructions  were  given  for  reports  to 
be  prepared  as  to  the  efficiency  of  the  results  obtained 
in  the  treatment  of  sewage  by  £recipitation  and  artifirial 
fiittnttoiL  The  following  report  was  presented  to  th» 
meeting  held  on  May  3Isb: — 
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"Manchester,  May  261fli,  1897. 
"To  the  Gonsuliluig  Sul>-Oommittee. 

'^  Gentlemen, — ^In  accordance  with  a  readution  of  the 
Oommittee  that  a  special  report  be  prepared  on  the  re* 
•nka  olytained  by  the  treatment  of  sewage  by  precipitation 
«nd  fihivtion  at  the  marioiiB  works  in  the  waterahed  where 
this  method  of  treatment  is  adopted,  I  beg  to  report  as 
■follows:— 

"The  totsft  number  of  authorities  using  thia  method  of 
-treatment  represents  a  population  of  about  172,000,  and 
the  remits  obtained,  aa  gauged  by  the  analyma  of  samples 
taken,  are  satiafaotory  in  about  ^000,  or  one-hailf  of  the 
iotal ;  this  seems  a  small  propoctioni  but  if  the  matter  is 
looked  into  it  is  OTideot  that  the  filters  which  hare  failed 
haTC  had  little  chance  ci  suocess  from  the  outset,  either 
in  consequence  of  the  tank  eflflluent  which  is  put  on  them 
being  insufficiently  precipitated,  m  consequence  of  the 
filters  being  badly  constructed  or  miamanaged,  or  in  oour 
sequence  of  the  area  being  too  amaU  to  deal  with  the 
^ume  of  sewage.  One  or  other  of  these  reaaona  has,  in 
my  opinion,  been  the  cause  of  failure  in  erery  case  where 
precipitation  and  filtration  has  been  attended  with  un- 
•satiaiactory  reaulta. 

"The  experiments  on  a  conaideralble  scale  which  have 
been  made  by  Sa  Henry  Bosooe  at  the  Mancherter  works, 
'by  Mr.  Dibdin  in  Ljndon,  and  by  Mr.  Corbett  in  SaUord, 
dearly  demonrtrate  the  possibility  of  treating  the  sewage 
-of  kuge  towns  by  antificiail  filtration  if  a  sufficient  area  of 
ffiter  beds  be  used. 

"  There  aeems,  therefore,  to  be  ample  eyidence  to  show 
-that  if  filters  are  oonetruoted  to  conform  with  the  princi- 
ples which  have  been  laid  down  that  satiafaotory  results 
may  b^  obtained. 

"  It  is^  hcweyer,  necessary  not  to  lose  sight  of  the  fact, 
which  would,  I  think,  be  supported  by  high  scientific 
eridence,  that  if  8uitiA>le  land  is  obtainable,  filtration 
ihrough  land  is  the  most  permanent  and  satisfactory 
method  of  treatment.  This  ia  fuUy  borne  out  by  the  ex- 
perience on  the  Mersey  and  Irwell  watershed,  where  the 
-proportion  of  worAu  with  land  treatment  giving  satisfac-  « 
iory  reeutlta  is  consideralbly  higher  than  those  with  arti- 
-ficittl  fittntion. 

"  Failure  with  knd  treatment  has  in  several  cases  taken 
-place,  but  these  failures  again  are  attributable  either  to 
the  land  being  unsuitable  to  the  purpoae,  to  its  being  im- 
-properdy  laid  out  or  badly  managed,  or  to  the  volume  of 
-sewage  turned  on  to  it  being  greater  than  it  can  deal 
with. 

"  The  reasonable  view  to  be  taken  of  the  matter  aeems 
to  be  that  instead  of  any  hard  and  fast  rule  being  laid 
•down,  each  case  should  be  treated  on  its  own  merits — 
lihat  if  suitable  land  can  be  obtained  it  should  be  used ; 
but  that  if  it  cannot  be  got,  artificial  filters  should  be 
•sanctioned,  but  with  stringent  res^ictions  as  to  the 
-volume  of  sewage  allowed  on  a  given  area. 

"  I  am,  your  obedient  servant, 

"R.  A.  Taitok." 

These  reports  were  considered  at  a  meeting  held  on 
July  5th,  and  it  was  resolved — "That  a  copy  of  the  re- 
IKntB  of  Sir  Henry  Boscoe  and  Mr.  Tstton  upon  the 
•question  of  artificial  filtration  be  forwarded  to  the  Local 
Government  Board,  with  the  request  that  the  same  may 
receive  its  most  careful  consideration  ;  and  tiiat,  in  addi- 
tion, a  deputstion  from  this  Joint  Committee  wait  upon 
the  Local  Government  Board  wii^  the  view  of  showing 
the  objections  to  a  hard  and  fast  rule  being  laid  down 
with  regard  to  land  filtration." 

260.  Was  a  deputation  received  by  the  Local  Govem- 
ment  Board  on  the  subject? — In  accordance  with  this 
reaolution,  a  deputation  waited  upon  the  Local  Gkyvem- 
ment  Board  on  July  21et. 

26L  Has  more  recent  experience  altered  these  views? 
— ^More  recent  experience  has  in  no  way  altered  the  con- 
cluaiona  come  to  12  months  ago,  and  I  would  venture  to 
-suggest  that  the  requirements  of  the  Local  Government 
Board  should  be  modified,  so  that  in  cases  where  it  is 
proved  that  suitable  land  cannot  be  obtained,  filtration 
may  be  sanctioned.  Land  to  be  suitable  for  the  purpose 
must  be  porous,  with  a  gravelly  or  sandy  subsoil,  admitting 
•of  free  drainage  ;  if  land  of  this  description  can  be  ob- 
tained it  should  be  insisted  upon,  as  giving  the  most  satis- 
iictory  and  economical  results,  day  land  is  unsuitable, 
not  only  from  the  land  refusing  to  pass  the  required 
•quantity  of  sewage,  but  also  from  the  fact  that  during 
'dry  weather  cracks  form  on  the  surface,  which  admit  the 


sewage  direct  into  the  drains  without  purification.    Thia  ^^^^ 
has  happened  in  the  Mersey  and  Irwell  watershed  at    JjJJt 
T^ldesley,  Swinton,  and  Weathoughton.    Other  authori-      -7-^ 
ties,  although  they  have  bought  day  land,  so  aa  to  con- 12  Juiyif" 
form  to  the  requirements  of  the  Local  Government  Board, 
do  not  use  it — instances  are  Gk)rton  and  Boyton.      The 
requirement  of  the  Local  Government  Board  at  the  present 
time  is  an  area  of  luid  of  1  acre  per  2,000  persona,  in 
addition  to  tanks  and  filters— that  is,  taking  25  gallons 
per  head,  2  inches  of  water  over  the  whole  area  in  24 
hours:  a  large  quantity  for  clay  land  to  pass  in  a  wet 
climate. 

262.  Are  Manchester  and  Salford  in  difficulty  as  regards 
the  acquisition  of  land  for  sewage  purposes  ?-— The  casea 
of  Manchester  and  Salford  are  both  peculiarly  difficult,  as 
suitable  land  in  sufficient  quantij^  to  provide  for  the 
united  populations,  amounting  to  7S&,000  persona,  cannot 
be  obtained  exoept  by  pumping  at  great  coat  Man- 
chester, with  a  population  of  5^,000,  would  require  an 
area  of  268  acres  to  satisfy  the  requirements  of  the  Local 
Gk>vemment  Board,  whereas  Manchester's  own  experts 
have  advised  that,  owing  to  the  land  which  can  be  ob- 
tained being  unsuitable  for  filtration  purposes,  an  area  of 
1,300  acres  would  be  required.  The  reports  on  which 
this  advice  is  based  will  no  doubt  be  laid  before  the  Com- 
mission by  the  proper  authority.  It  would  seem  more 
advisable  in  these  and  similar  cases  that  the  Board  ahould 
sanction  schemes  including  artificial  filtration,  instead  of 
insisting  on  land,  when  the  use  of  it  is  doomed  to  failure. 

263.  Will  you  describe  the  systems  of  artificial  filtration  ? 
— The  ^stema  of  artificial  filtration  may  be  conveniently 
divided  under  two  heads,  namely: — (1)  Those  in  whic> 
organisms  perform  the  function  of  transforming  the  o^ 
ganic  matter  accumulated  in  the  filter ;  and  (2)  Those  ii 
which  the  organic  matter  is  periodically  washed  out  «^ 
the  filter,  or  the  filtering  material  renewed.  The  form<;r 
method  (1)  has  been  ad<^ed  by  Sir  Henry  Boscoe  on  an 
experimental  scale  at  Manchester,  by  Mr.  Dibdin  at  Sut- 
ton, and  by  the  Oldham  Corporation  and  the  Swinton 
Urban  District  Council  in  the  Mersey  and  Irwell  water- 
shed. The  other  method  (2)  has  been  adopted  by  many 
authorities  in  the  watershed,  and  satisfactory  results  have 
been  obtained.  Particulars  as  to  each  case  are  given  in 
the  reports  and  supplemental  reports  of  the  Mersey  and 
Irwell  Joint  Committee,  furnished,  and  will  no  doubt 
be  the  subject  of  careful  investigation  by  the  Com- 
mission. 

264.  What  are  the  chief  causes  of  failure? — ^Failure  in 
both  these  systems,  where  it  occurs,  seems  to  come  from 
the  same  cause,  namely,  the  accumulation  of  organic 
matter  in  the  filter.  Under  system  (1)  the  sewage  must 
be  diverted  from  the  filter,  and  the  filter  emptied  of  its 
water  at  intervals,  so  that  air  may  be  admitted  into  it, 
and  allow  the  transforming  process  to  take  place.  These 
intervals  and  periods  of  rest  are  required  every  two  to 
four  hours,  according  to  circumstances  ;  longer  periods  of 
rest  are  also  required  at  times.  Under  system  (2)  the 
filters  are  arranged  so  that  each  filter  in  the  aeries  can  be 
washed  by  clfu&ed  water  being  passed  into  the  lower 
portions  of  the  filter  and  upwards  through  the  upper  and 
finer  beds,  the  organic  matter  accumulated  in  the  body 
of  the  filter  being  brought  to  the  surface  by  the  flow  of 
water  and  bruflihed  away.  The  periods  of  time  during 
which  filters  are  allowed  to  be  in  operation  without  being 
cleansed  vary  conaideraibly  according  to  the  degree  of 
purity  of  the  tank  effluent  which  is  turned  on  to  them  ; 
in  some  cases  they  are  allowed  to  run  as  long  aa  two  days. 
The  quantity  of  water  passed  through  filters  under  this 
system  (2)  is  greater  per  square  yard  than  under  system 
(1),  but  great  care  must  be  taken  with  the  cleansing  pro- 
cess, which  ^ould  be  repeated  after  each  time  the  filter 
is  used.  The  cost  per  square  yard  is  greater  uid  the 
maintenance  is  greater  under  system  (2)  than  under  sys- 
tem (1),  but  l^e  quantity  of  water  dealt  with  is  also 
greater. 

265.  What  are  the  chief  points  of  difference  between 
the  Bivers  Pollution  Act  of  1876  and  the  Mersey  and 
Irwell  Act  of  1892  as  regards  solid  matter  ?—The  chief 
points  of  difference  between  the  Pollution  Act  of  1876 
and  the  Mersey  and  Irwell  Act  of  1892  are  as  followa :-» 
Under  the  1892  Act  it  has  been  made  an  offence  to  pn* 
solid  matter  in  sudh  a  position  as  to  be  liable  to  faU  or 
be  carried  into  a  stream,  and  it  is  not  necessary  to  prove 
that  the  solid  matter  interferes  with  the  due  flow  oz 
poUutee  the  waters  of  the  stream.  The  word  ''sludjge" 
has  been  introduced.  This  is  a  term  well  known  in  iha 
Korth  to  express  matter  in  a  semi-liquid  condition,  m 
found  in  a  tank  or  reservoir  in  which  water  contaiuiii(([ 
suspei^ed  mattf^r  has  been  stored.    It  has  been  a  omr 
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mon  practice  to  run  off  Uiese  reservoirs  into  the  stream 
and  eject  the  accamulated  sludge,  causing  serious  pollu- 
tion. 

266.  As  regards  pollution  from  sewage? — liie  clauses 
under  this  portion  of  the  Act  are  much  simplified.  The 
1892  Act  is  prohibuive,  and  the  saving  clauses  regarding 
channels  coxistructed  prior  to  1876  have  been  done  away 
with.  Appeal  to  the  Local  Government  Board  on  the 
part  of  a  defaulting  authority  for  time  to  construct  works 
has  been  abolished,  but  somewhat  similar  powers  are 
given  to  the  Joint  Committee. 

267.  As  regards  manufacturing  pollution  ? — ^In  the  1892 
Act  the  following  words  w&ich  are  in  the  1876  Act  are 
omitted:  "The  said  Board"  (i.e.,  the  Local  Government 
Board)  "in  giving  or  withholding  their  consent,  shall 
have  regard  to  the  industrial  interests  involved  in  the 
case,  and  to  the  circumstances  and  requirements  of  the 
locality."  Also,  "The  said  Board  shall  not  ^ve  their 
consent  to  proceedings  by  the  Sanitary  Authonty  of  any 
district  whiofh  is  the  seat  of  any  manufacturing  industry 
unless  they  are  satisfied  after  due  inquiry  ....  that 
no  material  injury  will  be  inflicted  by  such  proceedings 
on  the  interests  of  such  industry."  Under  the  1892  Act 
the  Joint  Committee  shalL  before  taking  proceedings,  In- 
vite  the  defaulting  manufacturer  to  appear  oefore  them 
and  state  his  case  ;  there  is  no  provision  of  this  kind  in 
the  1876  Act.  Under  both  Acts  the  consent  of  the  Local 
Government  Board  is  required  before  proceedings  are 
taken  ;  but  under  the  1892  Act  the  decision  of  the  Board 
either  to  give  or  withhold  consent  must  be  given  before 
the  expiration  of  three  months  from  the  date  of  the  Joint 
Committee's  application  for  it. 

268.  As  regards  procedure? — ^Proceedings  under  the 
1876  Act  are  taken  before  the  County  Court ;  under  the 
1892  Act,  before  a  oourt  of  Summary  Jurisdiction. 

269.  As  regards  power  of  inspection? — ^Power  of  in- 
spector of  Local  Government  Board  to  grant  a  certificate 
as  to  best  practical  means  has  been  abolished.  Power  of 
edtry  has  been  granted,  for  the  purpose  of  taking  samples^ 
under  penalties  for  obstruction. 

270.  WOl  you  explain  the  diagram  produced  and 
Table  A? — The  diacrram  illustrates  comparative  results 
of  treatment  by  different  methods,  namely,  by  precipita- 
tion alone,  precipitation  and  artificial  filtration,  precipita- 
tion and  land  filtration,  land  alone.  The  table  which  has 
beei^  put  in,  marked  A,  is  intended  to  further  explain  the 
diagram,  and  also  contains  a  summary  of  the  results. 
The  amount  of  impurity  in  the  samples  is  expressed  in 
grains  per  gallon  of  oxygen  absorbed  in  four  hours,  one 
graon  being  the  limit  of  impurity  allowed  ;  this  limit  is 
shown  on  the  diagram  by  a  horizontal  blue  line,  and  is  the 
limit  referred  to  in  the  tMe.  The  samples  were  taken 
at  irregular  intervals  of  time,  and  the  inspector's  visits 
were  unexpected.  Many  other  visits  besides  those 
when  the  samples  were  taken  were  made  to  the  various 
works,  which  have  been  kept  under  regular  supervision, 
and  the  samples  may  be  taken  to  give  a  good  indication  of 
the  efficiency  of  the  works.  From  the  summary  at  the 
foot  of  the  table,  it  wiH  be  seen  that  the  percentage  of 
samples  which  came  below  the  limit  of  impurity — ^in  other 
words,  which  were  satisfactory — were:  From  precipita- 
tion alone,  18  per  cent.  ;  precipitation  and  artificial  filtra- 
tion, 69  per  cent.  ;  precipitation  and  land  filtration,  70 
per  cent  ;  land,  83  per  cent.  From  these  results  it  seems 
clear  thaT treatment  which  consists  of  precipitation  alone 
cannot  be  considered  satisfactory.  This  is  fuUy  borne 
out  by  experience  on  the  rivers,  as  is  inrariably  found 
that  effluents  of  this  description,  unless  largely  diluted, 
decompose  in  the  stream  and  cause  a  nuisance.  The 
highest  percentage  of  results  obtoined  below  tiie  limit  is 
from  land.  The  results  obtained  from  ar^cial  filtration 
in  conjunction  with  precipitation  are  very  slightly  inferior 
to  those  obtained  from  land  filtration  in  conjunction  with 
precipitation,  and  seem  to  indicate  that  good  results  may 
be  obtained  from  the  former  method  of  tnatment. 

271.  Are  there  any  particular  points  in  your  reports  to 
which  you  wiifli  to  draw  attention  concerning  the  action 
of  the  Mersey  and  Irwell  Joint  Committee  with  manu- 
facturers f—In  my  report  of  October,  1893,  on  page  23, 


appears  a  short  summary  of  the  action  taken  up  to  that 
date.  From  this  it  will  be  seen  that  the  matter  was* 
brought  before  the  manufacturers  for  the  first  twelve 
months  by  means  of  conferences  and  })ersonal  visits  ta 
the  various  works,  so  that  when  more  active  steps  were 
taken  later  on  they  had  had  ample  time  to  make  inquiries 
and  decide  on  what  means  they  should  adopt  for  the 
treatment  of  their  waste  waters.  To  this  gradual  aation 
on  the  part  of  the  Joint  Commilbtee  is  no  doubt  chiefly 
due  the  success  which  has  attended  their  action  and  the 
am«ll  amount  of  friction  which  has  been  caused.  In  the 
report  of  March,  1896,  this  matter  is  further  dealt  with 
on  pages  5  and  6,  and  it  is  there  pointed  out  that  the 
imiprovement  which  had  up  to  that  time  taken  place  in 
the  riyers  was  chiefly  due  to  what  had  been  done  by 
manufacturers,  the  local  authorities,  especially  the  laiger 
ones,  being  very  backward  in  getting  their  works  com- 
pleted. In  the  report  of  February,  1898,  page  14,  the 
maifcter  is  brought  up  to  the  present  year,  and  the  tables 
on  pages  16  and  17  show  the  progress  mode  ;  particulars 
are  also  put  in  showing  the  number  of  proceedings  which 
have  been  taken,  amounting  to  21  altogether,  besides  du 
applications  to  the  Local  Government/  Board. 

272.  As  to  cost  of  legal  proceedings? — ^The  total  cost 
incurred  by  the  Joint  Committee  in  these  proceedings,  in- 
cluding the  cost  of  the  Local  Government  Board  inquiries, 
amount  to  lees  than  £900,  which  shows  that  there  ha» 
been  no  organised  opposition,  and  that  the  manufacturers 
recognise  the  justice  of  measures  being  taken  for  the  puri- 
fication of  the  rivers. 

273.  Do  Lancashire  manufacturers  feel  hardly  used  in^ 
having  to  purify  their  trade  waste? — ^The  manufacturers 
in  thos  watershed  feel  very  sfarosi^ly,  and  I  should 
like  to  bring  this  promiently  before  the  Oommission, 
that  it  is  only  fair  that  manufacturers  oil  over 
the  kingdom  should  be  compelled  to  treat  their  trade 
waste  in  the  way  t..at  those  in  Lancashire  have  been  com- 
pelled to  do.  The  cost  of  treatment  is  a  definite  charge 
on  the  cost  of  production,  and  it  ought  to  be  made 
general. 

274.  What  is  the  amount  of  the  outlay  to  which  manu- 
facturers have  been  put? — The  outlay  to  which  manufac- 
tureis  have  been  put  has  been  yeiy  considerable,  and  will 
probably  not  amount  to  less  than  £300>000,  besides  annual 
maintenance.  The  improvement  to  the  river  is,  however, 
an  impontant  factor,  and  has  been  an  advantage  to  many- 
manufacturers  in  enabling  them  to  use  river  water  for 
purposes  for  whioh  they  could  not  have  used  it  a  few 
years  ago.  Those  who  settle  or  filter  river  water  for  manu- 
facturing purposes  are  benefiting  by  the  improvement, 
and  if  the  rivers  are  efficiency  purified  this  expense  will 
be  saved. 

275.  What  are  the  usual  methods  of  treatment  adopted  t 
— ^The  methods  of  treatment  adopted  for  trade  waste  con- 
sist usually  of  precipitation  or  subsidence  tanks  either 
with  or  without  subsequent  filtration  ;  in  some  cases  the 
waste  is  treated  by  filtration  alone.  Cinders  are  usually 
used  as  the  filtration  medium.  It  has  been  impossible 
during  the  time  at  my  disposal  to  prepare  for  the  Com- 
mission detail  drawings  of  works  in  actual  operation,  bnt 
I  propose  to  ask  the  Oranmission  to  allow  me  to  lay  before 
a  future  meeting  plans  and  particulars  of  some  of  the 
most  efficient  arrangements  which  have  been  put  down 
by  manufacturers  for  the  treatment  of  the  various  kinds 

of  trade  waste.  ^  A  general  report  on  the  subject  was  laid  ApModiz. 
before  the  Joint  Committee  in  February,  1893,  copies  ' 

of  which  I  beg  now  to  lay  before  the  Commission ;  this 
report  contains  as  an  appendix  a  very  valuable  report  by 
Dr.  Angus  Smith  to  the  Local  Government  Board.  I  am 
prepared  to  go  more  fully  into  the  questions  dealt  with 
in  this  report  if  it  is  the  desire  of  the  Commission.  As  s 
set  off  to  the  cost  of  treatment  of  their  trade  waste*  some 
manufacturers  have  derived  considerable  benefit  frcmi  the 
retention  in  the  works  of  raw  mftteriol  which  was  originoUj 
discharged  into  the  rivers.  This  is  particularly  the  case 
with  paper  makers.  Wood  pulp  is  now  largely  used  for 
the  manuiiaoture  of  paper,  and  any  waste  of  this  product 
is  a  loss  to  the  manufacturer.  That  waste  was  taking 
place  has  in  several  instances  been  brought  home  to  him 
by  the  amount  of  solid  matter  collected  in  the  tanks. 


Mimrres  of  svidbncb. 
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The  limit  of  impwrity  \ 

w  one  grain  per  gallon  of  oxygen  absorbed  in  4  hours. 

Number 

of 

Samples 

above  limit. 

Number 

of 

Samples 

below  limit. 

Total 

Peroentage 

of 

Samples 

below  limit. 

Name  of  Authority. 

Population. 

Samples. 

Precipitation  Alone:— 

Bolton  Corporation         .        -        -        - 

.130,000 
(inclusive  of  15,000 

18 

0 

18 

0 

• 

from  Rural  District). 

Manchester  ditto 

536,000 

34 

5 

39 

13 

Salfoid    -    ditto 

198,000 

39 

0 

39 

0 

Famworth  Urban  District  Council 

23,758 

16 

3 

19 

16 

Kearaley'                 ditto 

8,000 

5 

3 

8 

37 

!Milnrow                  ditto 

8,600 

0 

4 

4 

100 

Prestwitch               ditto 

10,469 

11 

3 

14 

21 

Whitefield              ditto 

5,800 

7 

10 

17 

59 

: 

130 

28 

158 

18 

Precipitatiqn  and  Artificial  Filtra- 

tion :— 

Oldham  Corporation       .... 

Hyde           ditto 

Miossley       ditto 

131,463 

1 

2 

3 

66 

30,670 

9 

6 

15 

40 

15,000 

0 

2 

2 

100 

Astley  Bridge  Urban  District  Council  - 
Ashton-in-Aiakeriield     -    ditto    - 

6,200 

4 

10 

14 

71 

900  to  this  Outfall 

4 

6 

10 

60 

Atherton  (Glasshouse)    -    ditto    - 

}              16,600             f 

3 

3 

6 

50 

Ditto    (Hindsford)      -    ditto    - 

4 

3 

7 

43 

Cheadle  and  Gatley        -    ditto    - 

8,206 

0 

9 

9 

100 

Crompton  (Cowlishaw)   -    ditto    - 

1             12,900            1 

0 

2 

2 

100 

Ditto      (Newhey)        -    ditto    -        - 

1 

6 

7 

86 

Droylsden                -        -    ditto    -' 
Faikworth                       -    ditto    - 

10,500 

1 

2 

3 

67 

13,500 

1 

3 

4 

75 

•Gorton     ....    ditto    - 

15,500 

2 

3 

5 

60 

Heaton  Norris                 -    ditto    - 

9,010 

1 

15 

16 

94 

Knntsford                -        -    ditto    - 

4,800 

10 

14 

24 

58 

Little  Lever    -        -        -    ditto    - 

5,500 

0 

4 

4 

100 

Littleborough                  •    ditto    - 

10,900 

1 

10 

11 

91 

Little  Hulton                  -    ditto    • 

7,000 

0 

6 

6 

100 

Marple    ...        -    ditto    - 
Noraen    -        .        -        -    ditto    - 

4,800 

3 

11 

14 

78 

3,900 

3 

7 

10 

70 

Radeliffe                           -    ditto    - 

26,000 

2 

9 

11 

82 

Reddish  ....    ditto    - 

7,000 

3 

0 

3 

0 

Royton    ...        -    ditto    - 

13,400 

1 

12 

13 

92 

Swmton    (Swinton)   and 

Pendlebury          -        -    ditto    - 

1             26,000            1 

14 

13 

27 

48 

Ditto    -    (Pendlebury)  -    ditto    - 

5 

10 

15 

67 

Turton     ....    ditto    - 

6,500 

4 

11 

15 

73 

Tyldesley  with  Shakerley  ditto    - 
Wardle  (Higher  Works)      ditto    - 

14,500 
1               3,900            1 

9 
0 

6 

I 

15 
1 

49 

100 

Ditto  -  (Lower  Works)  -    ditto    - 

1 

8 

9 

89 

Barton  (Clifton)  Rural  District  Council 

1,500  to  this  Outfall 

0 

7 

7 

100 

Bolton  (Belmont)    -        -    ditto    - 

700  to  this  Outfall 

0 

6 

6 

100 

Stockport  (Offerton)     •  -    ditto    - 

6,000  to  this  Outfall 

13 

14 

27 

52 

100 

221 

321 

69 

Trecipitation  and  Land  Filtration  :— 

liochdale  Corporation     .... 

71,400 

9 

14 

23 

61 

Eccles      -      ditto 

30,000 

0 

7 

7 

100 

Castleton    Urban    District  Council 

5,700 

2 

0 

2 

0 

Hindley       ....    ditto 

19,000 

4 

16 

20 

80 

Mosft  Side             -        -        -    ditto 

23,800 

3 

3 

6 

50 

Westhoughton  (Rogers)       -    ditto      # 

9,000  to  this  Outfall 

6 

13 

54 

Wilmslow  (Northern  Works)  ditto 

3,050  to  this  Outfall 

0* 

2 

2 

100 

Worrtley  ( lioothstown)         -    ditto 

1,150  to  this  Outfall 

9 

11 

82 

Chapel-en-le-Frith  Rural  District  Council 

14,129 

0 

3 

3 

100 

26 

61 

87 

70 

1213 
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Name  of  Authority. 


Population. 


Number         Number 

of  I  of 

Samples         Samples 

above  limit. '  below  limit. 


Land  Filtration:— 

Altrincham  Urban  District  Council 

Alderley  Edge    -        -        -  ditto 

Ashton-on-Mersey       -        -  ditto 

Blackrod     -        •        -.        -  ditto 

Bowdon       ....  ditto 

Irlam ditto 

Leigh ditto 

Lymm         ....  ditto 

Stretford     ....  ditto 

Westhoughton  (Doj?  Holes)  ditto 

Ditto    -     (Martih  Brook)  ditto 

Wilmslow  (Southern  Works)  ditto 


Withington 


ditto 


Worsley  (Barton  Old  Hall)  ditto 

Barton  (UrniBton  and   Flixton)  Rural 
District  Council  -        - 

Bucklow,  (Dunham  Masaey)  ditto 

Ditto    (Hale)  -  ditto 

Ditto    (Northenden)   -  ditto 

Ditto    (Timperley)      -  ditto 

Bury  (Tottingtbn)   -        -  ditto 


( 


12,700 
2,218 
5,000 
750  to  this  Outfall 
2,800 
4,653 
32,000 
5,000 
26,000 
\  2,000  to  these  Out-/ 
/    falls      -        -        -\ 
3,250  to  this  Outfall 

31,000 
(including  5,000  from 

Levenshulme) 
13,500  to  this  Outfall 

\ 


J 


7,310  to  this  Outfall 

450  to  this  Outfall 
2,740  to  this  Outfall 
1,000  to  this  Outfall 
2,015  to  this  Outfall 
2,000  to  this  Outfall 


} 


SUMMARY. 


Precipitation  Alone  .        .        -        - 
Precii)itation  and  Artificial  Filtration 
Precipitation  and  Land  Filtration    - 
Land  Filtration         .        -        .        - 


7 
0 
0 
0 

1 

0 
8 
0 
0 
0 
0 
0 


8 

3 

3 
9 
1 
6 
2 


50 


130 

100 

26 

50 


22 

21 

22 

2 

22 

2 

5 

1 

13 

2 

5 

21 

15 

8 

6 

17 
23 
11 
22 
11 


251 


28 
221 

61 
251 


Total 
Samples. 


29 
21 
22 

2 
23 

2 
13 

1 
13 

2 

5 
21 

17 

16 

9 

20 
32 
12 

28 
13 


301 


158 

321 

87 

301 


Percentage 

of 

Samples 

below  limit. 


I 


76 
100 
100 
100 

96 
100 

38 
100 
100 
100 
100 
100 

88 

50 

67 

85 
72 
92 
78 
85 


83 


18 
69 
70 
83 


Note. — The  total  ^wpulation  of  some  of  these  Authorities  are  not  yet  connected  up. 


276.  You  6ay  under  "  standards."  "  The  words  of  the 
"Act,  that  'the  best  practicable  and  reasonftbly  available 
"'meana'  be  used  seemed  to  create  an  elastic  standard, 
"which  is  alfwaya  capable  of  improvement  as  experience 
**  is  gBisied  ;  in  cases  of  prosecution  no  difGiculty  has  been 
"  experienced  at  present  in  showing  that  the  best  avail- 
"able  means  were  not  beiiig  used."  Of  oouxse,  the  "  beet 
available  means  "  are  very,  very  wide  indeed,  and  I  wanted 
to  ask  you,  in  the  case  of  very  small,  confined  premises 
where  tiiere  is  praotically  hardly  any  opportunity  of  doing 
anything  whatever  with  the  refuse,  is  the  liaw  satisfied  to 
allow  the  refuse  to  go  into  the  sewers  or  sfbreamsi  if  the 
manufacturer  can  say,  "  Well,  I  cannot  help  it ;  I  oaanot 
do  any  better"? — ^Yes  ;  I  think  if  he  can  show  that  he 
cannot  by  any  possibili^  do  any  better  that  the  law  then 
would  be  satisfied. 

277.  No  m»tter  how  oflfensive  the  refuse  was? — ^Under 
the  Pollution  Aot,  I  should  say  so. 

278.  And  there  would  be  no  power  in  the  law  to  make 
him  enlarge  his  premises  so  as  to  be  able  to  treat  it? — If 
he  had  land  of  his  own  he  might  then,  of  course,  be  com- 
pelled to  put  down  works. 

279.  But  you  do  not  think  he  could  be  compelled  to 
buy  land?-—!  think  if  he  is  quite  shut  in  by  works  all 
round  as  in  a  town,  so  that  it  is  practically  imposaible — ^I 
think  that  is  clearly  a  case  where  it  ought  to  go  into  the 
sewers  and  be  dealt  with  at  the  sewage  outfall  works. 

280.  My  next  point  is  where  you  say,  "Olay  land  is 
''  unsuitalble,  not  only  from  the  land  refusing  to  pass  the 
"required  quantity  of  sewage,  but  also  from  the  fact  that 
"during  dry  weather  craclu  form  on  the  surface  which 
"admit  the  sewage  direct  into  the  drains  without  purifi- 
"  cation."  Well,  now,  of  course,  to  say  th»  whole  of  clay 
land  is  unsuitable  is  a  very  large  order.  Are  you  talking 
there 'of  grass  land  or  arable  or  both? — ^I  am  talking  of 
both,  but  principally  grass  land.  Those  instances  I  have 
had  most  experience  of  have  been 'grass  land. 

281.  You  find  the  land  cracks,  although  the  sewage  is 
coming  over  it.  Does  not  sewage  alone  prevent  it  crack- 
ing 1 — No,  the  sewage  does  not     it  is  not  orsi  it  con- 


tinuously, and  during  the  dry  time  when  the  sewage  is- 
turned  off  the  ground  craoks,  and  as  soon  as  the  sewsge  is 
tuxned  on  the  land  it  goes  down  the  cracks  into  the  drains. 
It  is  impossible  to  keep  the  land  moist  enough  to  prevent 
it  crackmg  simipdy  by  the  sewage. 

282.  It  is  7— Yes. 

283.  You  quote  one  case,  but  have  you  more  cases  than- 
that  that  ooiud  be  quoted  if  necessary?    I  mean,  do  you- 
speak  with  grest  positiveness  about  that  point  ?---Yes  ;  I. 
feel  very  sure  about  that  point.    I  have  quoted  Tyldesley, 
Swinton,  and  Westhoughton. 

284.  And  other  authorities*  though  they  have  bought 
olay  land,  wiH  not  use  it,  you  say? — That  is  so  in  the 
case  of  Qorton  and  Boyton.  I  may  say  that  in  the  case 
of  Westhoughton  they  took  a  good  deal  of  trouble  there 
to  get  over  this  difficmfy,  and  eventually  they  had  to  put 
down  precipitation  tanks,  and  at  the  present  time  they 
are  putting  down  an  artificial  filter.  I  think  in  that  case- 
it  was  quite  impossible  to  get  over  the  di£Sculty  of  the 
clay  land  cracking. 

285.  Does  it  crack  to  such  an  immense  extent  as  that?* 
— ^Yes  ;  the  craoks  go  down  six  or  eight  inches  in  depth. 

286.  You  are  speaking  principally  of  grass  land  ? — ^Yes, . 
principally  of  grass  land. 

287.  Then  I  do  not  quite  understand  the  sentence: 
"  Suitable  land  in  sufi&cient  quantity  cannot  be  obtained4 
except  by  pumping  at  great  cost."    What  is  meant  by 
"pumping  at  great  cost" ? — I  mean  there  is  not  sofflciei^ 
land  at  a  level  which  might  be  reached  by  gravitation. 

288.  I  see ;  you  would  have  to  pump  it  up  on  to  higher 
land  ? — On  to  higher  land. 

289.  Then  penfaeps  when  we  come  to  the  question  of' 
describing  the  systems  of  artificial  filltration  yon  wouM 
give  us  a  little  description  on  that  point? — ^Yes. 

290.  You  have  out  down,  "Those  in  whieh  organisms 
perform  the  function  of  transfoiming  the  organic  matter 
accumulated  in  the  filter,"  and  "those  in  which  the  or- 
ganic matter  is  perioddcaUy  washed  out  of  the  filter  or 
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the  fiitering  material  renewed,"  Now,  have  70tt  had 
personal  experience  of  tiiosel— Tea,  I  have  yiaited  all 
the  works  in  my  woltershed  at  regullnr  intervals,  and  so 
I  have  had  considerable  experience  in  the  way  that  each 
particular  kind  of  filter  is  manipi]9ated. 

29L  You  have  seen  it  at  Manchester — have  you  seen 
it  at  Manchester? — ^Yes,  I  have. 

292.  And  have  you  seen  the  works  at  Sutton  1 — ^Yes,  I 
have.  I  have  only  been  there  once ;  I  went  there  last 
•summer. 

293.  And  those  of  the  Oldham  Corporation  and  the 
:^winton  Urban  District  Council  ?— Yes,  I  have  seen  all 
those. 

294.  Now,  have  you  any  opinion  to  offer  as  to  the 
merits  of  the  one  or  the  other?— The  one  or  the  other 
system? 

295.  Yes  ? — Whether  washing  the  organic  matter  out  or 
I  he  other  Bjptem.  ? 

296.  Yes?— I  think  you  get  better  results  from  the 
Liter  in  which  it  is  washed  out ;  we  seem  to  get  clearer 
elfluenta  from  them,  and  they  turn  out — I  think  Mr. 
Scudder  will  tell  you — -better  on  analysis.  Of  course, 
tliey  are  more  expensive — ^moire  expensive  to  construct 
And  more  expensive  to  work.  But,  on  the  other 
hand,  they  get  a  larger  volume  of  sewage  through  them 
than  they  do  through  the  filters  worked  on  the  other 
system. 

297.  You  say  that  the  other  method  has  been  adopted 
by  many  authonues  in  the  watershed.  You  have  seen  it 
often,  I  suppose? — ^Yes,  I  have,  ofiten. 

298.  Particulars  as  to  each  case  are  given  in  flie  re- 
ports and  supplementary  reports  furnished? — Yes,  I 
have  sent  them  in  to  you. 

299.  Quite  so.  They  are  your  annual  reports  ?— Yes, 
they  are  i  and  at  the  end  of  the  reports  you  have  par- 
ticulars as  to  each  sewage  works  in  the  watershed. 

300.  Then  you  say  that  failure  in  both  systems  where 
it  occurs  seems  to  come  from  the  same  cause,  namelyf  the 
aocumuktion  of  organic  matter  in  the  filter? — ^I  do  not 
know  whether  I  have  made  my  meaning  quite  clear  there. 

301.  Yes,  I  think  as  far  as  I  am  concerned  you  have. 
Then  I  wanted  just  to  ask  you  whether  the  results  of  the 
aaalyses  are  from  sewage  and  trade  refuse  combined? — 
Se««ge  and  trade  refuse. 

302.  Yes  ? — ^In  some  cases  they  are  combined,  in  some 
cases  they  are  not.  Trade  refuse  is  included  in  some  of 
those  cases. 

303.  In  some  of  those  cases  that  you  quote? — ^Yes. 
3ianj  of  them  are  from  districts  where  there  is  no  trade 
refuse  to  any  great  extent,  or  where  the  trade  refuse  is 
dealt  with  by  the  manufacturers  themselves,  and  not 
tamed  into  the  sewers. 

304.  (Mr.  KiUUk.)  In  the  statement  you  have  made 
with  regard  to  the  information  of  the  Joint  Committee 
vou  do  not  say  the  basis  on  which  it  was  appointed.  It 
was  rateable  value,  I  believe? — Yes,  that  was  so. 

305.  You  speak  of  a  "limit  of  purity."  The  limit  of 
r  ority  which  has  been  adopted  by  the  Committee  is  to 
rdmit  the  worst  effluent  possible — ^to  take  the  worst 
•  fflnent  that  we  possibly  comd  ? — ^That  is  so. 

306.  (Professor  Uamsay,)  Might  I  ask  what  the  mean- 
ing; of  that  question  is  ;  I  did  not  quite  follow  ? — ^Without 
<loin^  any  damage  you  mean  to  the  stream. 

307.  (Mr.  KiUich.)  Yes.  The  worst  effluent  that  does 
not  putrify  when  put  into  the  stream  at  the  particular 
place  where  it  enters. 

30a  (ProfessorBamsay.)  That  is  the  limit  ?— Yes.  We 
t^iye  them  as  large  a  margin  as  possible  in  order  to  just 
imrify  the  river  ;  that  is  aiu  we  want  to  do — ^to  do  as  httle 
as  we  possibly  can. 

309.  (Mr.  KiUick.)  You  say,  "  The  outlay  to  which 
manufacturers  have  been  put  has  been  very  considerable, 
and  wiU  probably  not  amount  to  less  that  £300,000,  be- 
sides annual  maintenance.''  What  do  you  estimate  the 
maintenance  at  ? — I  estimate  the  mainter«uice  at  about  10 
per  cent,  on  tlie  capiuu  uuciay  ;  i  have  gone  very  carehiUy 
into  ihCM  fiiVW- 
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310.  That  is—  ?— £30,000.  Mr.  r.  a. 

311.  Roughly  capitalised,  £1,000,000  ?— Yea,  lliat  is  so.      m.i.c  b. 

312.  Have  you  any  estimate  of  the  amount  spent  by  ^o  j^vaM. 

the    sanitary    authorities    in   the    watershed? — Yes,    it      

amounts  to  about  £4,500,000  altogether. 

313.  The  Mersey  and  Irwell  watershed  ? — ^Yes. 

314.  Does  that  include  cost  of  maintenance  ? — No,  that 
does  not  include  cost  of  maintenance.  I  could  not  arrive 
at  an  estimate  of  the  cost  of  maintenance  as  regards  local 
authorities. 

315.  (Professor  Bamsay.)  Does  that  indude  the 
£300,000  ?— No  ;  that  is  for  local  authorities  only. 

316. (If r.  Killick.)  You  propose  to  ask  permission  to 
lay  before  us  at  a  future  time  plans  and  particulaiB  of 
some  of  the  most  efficient  works  for  the  purification  of 
manufacturers'  effluent? — ^Yes,  that  is  so.  I  have  not 
had  time  to  prepare  the  plans. 

317.  (Chairman.)  We  shall  be  very  glad  to  accept  that 
kind  offer  of  yours,  whenever  they  are  ready  ? — ^Veiy  good. 

318.  (Colonel  Harding.)  In  answer  to  a  question  just 
now  by  the  Chairman  you  said  that  where  a  trader  had 
not  any  land  available  your  Board  did  not  caH  upon  him 
to  carry  out  anything  beyond  what  was  practicable  for 
him.  You  do  not  take  into  account  the  practicable  means 
as  adopted  by  other  traders  who  might  have  land  ? — No, 
that  is  so.  We  cannot  judge  him  really  on  the  same 
basis  as  a  manufacturer  who  has  plenty  of  opportunity 
of  carrying  out  the  work. 

319.  Then  in  the  case  of  a  manufacturer  putting  down 
new  works,  and  not  providing  sufficient  land  to  carry  out 
the  "best  practicable  means,"  as  carried  out  by  other 
traders,  would  you  insist  upon  his  not  starting  those 
works  until  adequate  land  had  been  provided  ?— I  think 
that  certainly  he  ought  to  provide  land  for  his  purification 
plant  before  he  started  his  new  works. 

320.  And  you  would  insist  upon  that  ? — ^Yes,  unless  he 
could  get  his  waste  admitted  into  the  sewers. 

321.  But  then  he  might  require  precipitation  tanks, 
would  he  not  ? — ^Yes,  no  doubt  some  of  the  local  authorities 
would  insist  upon  that.  On  the  other  hand  in  many 
cases  the  local  authorities  admit  trade  waste  into  the 
sewers  with  no  preliminary  treatment  at  all. 

323.  (Colonel  Harditig.)  Has  any  difficulty  arisen  m 
your  district  in  connection  with  the  interpretation  of  the 
law  in  reference  to  the  right  of  traders  to  compel  local 
authorities  to  take  their  trade  effluents  ?— I  am  not  aware 
that  we  have  had  any  definite  cases  between  local 
authorities. 

324.  (Mr.  Killick.)  You  know  the  case  of  Peebles  v. 
Oswaldtwistle? — ^Yes,  but' that  was  not  in  my  district. 

325.  Is  there  not  a  case  pending  now? — ^Yes. 

326.  (Colonel  Harding).  Have  you  any  difficulty  in 
getting  local  authorities  to  decide  whether  they  will  or 
will  not  take  trade  effluents  into  their  sewers  ? — There  is 
some  difflculty  about  it  no  doubt. 

327.  That  is  a  serious  difficulty  for  you  because  the 
means  which  would  have  to  be  carried  out  by  the  trader 
would  be  very  different  in  the  one  case  than  in  the 
other  I — Certainly,  that  is  so. 

328.  Passing  on  to  the  sewage  treatment,  I  think  you 
spoke  to  us  about  systems  of  artificial  filtration.  You 
divided  the  svstems  of  artificial  filtration  into  two  cate- 
l3;ories :  those  in  which  the  organisms  perform  the  ft  motion 
of  transforming  the  organic  matter  accumulated  in  the 
filter,  and  those  in  which  the  orsanic  matter  is  periodioally 
washed  out  of  the  filter,  or  the  filtering  material  renewed  7 
—Yes. 

329.  Could  you  give  us  any  typical  cases  that  we  might 
possibly  visit  where  we  could  see  those  two  classes  of 
results  ? — ^Yes,  I  can  do  that. 

330.  What  would  be  the  best  case  within  your  district 
where  we  could  see  the  first  result — ^that  in  which  the 
organisms  perform  the  functions  of  transforming  the 
organic  matter? — ^I  flhould  mention  Oldham  for  one,  cer- 
tainly ;  they  have  a  considerable  area  of  fiker  beds  at 
Oldham  worked  on  that  principle. 

331.  Do  you  know  whether  they  are  worked  intermit- 
tently,  and  if  so,  what  is  the  intermittenoe  f — ^Yes,  they 
are  worked  intermittently.  The  sewage  is  tamed  into  the 
filters,  they  take  about  one  and  a-half  houri  to  fill,  and 
they  are  left  full  for  three  hours  with  the  sjWEige.  The 
sewage  is  then  run  off  into  the  stream,  and  :  n  interval  is 
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allowed  before  the  next  filling  takes  place.  That  inteiral 
varies  with  the  amount  of  sewage  which  is  coming  to  tne 
woiics  at  the  time. 

332.  What  is  it  on  an  average  ? — ^It  would  average — ^well, 
certainly  six  hours,  I  should  say,  except  in  very  wet 
weather.  In  dry  weather  the  periods  (^  rest  are  con- 
sideralbly  longer. 

333.  In  that  case  what  is  put  upon  the  filter  is  the 
effluent  from  procipitatiou  works  ?— Yes,  from  precipita- 
tion tanks. 

334.  And  what  are  briefly  the  results  you  have  noticed 
from  these  filters  ;  are  they  satisfactory  ?---They  have  been 
very  satisfactory,  yes. 

335.  Could  you  give  us  an  example,  a  typical  case  where 
we  could  see  filtration  of  a  mechanical  sort,  where  the 
organic  matter  is  periodically  washed  off  or  removed? — 
Yes  ;  I  think  Boyton,  in  the  Mersey  and  Irwell  water- 
shed»  would  be  a  tyi>ical  case,  and  I  may  also  mention 
Ohorley,  which  is  not  in  the  Mersey  and  Irwell  watershed, 
bat  which  is  in  the  Bibble  watershed  ;  that  is  a  very  good 
typical  works  where  the  effluent  is  treated  in  this  way. 

336.  Have  you  within  vour  area  any  instances  at  all 
where  crude  sewage  is  dealt  with  on  bacteria  beds  ? — Only 
experimental — ^nothing  that  I  can  really  recommend  to  the 
Commission. 

337.  Where  is  it  treated  experimentally  ?— At  a  place 
called  Thomiley. 

338.  Have  you  any  idea  how  it  was  worked  ?— No,  I  have 
not  seen  it  worked.  I  heard  that  they  had  started  it.  It 
has  only  been  st  work  a  short  time.  I  do  not  tnink  it  is 
reaUy  a  typical  case  at  all  for  or  against.  I  should  not 
l&e  to  pass  any  opinion  uDon  it. 

330.  As  to  the  Manchester  experiments  which  have  been 
carried  on  under  the  direction  of  Sir  Henry  Boscoe,  what 
piincipleare  they  based  upon ?— They  are  Dosed  upon  the 
first  principle,  of  holding  up  the  sewage  in  the  filter  beds. 

340.  Do  they  deal  with  the  effluent  from  chemical  preci- 
pitation ?— Yes.  That  is  a  place  you  shouHd  certainly  see ; 
they  are  small  experimental  beds. 

341.  What  is  the  area  of  the  beds  ?— I  cannot  give  you 
that.     Mr.  Scudder  will  give  you  that. 

342.  I  will  reserve  that  question  then. 

2543.  (Dr.  Bussdl)  You  have  told  us  about  the  very 
great  outlay  incurred  by  manufocturero  in  order  to  pro- 
vide a  proper  effluent,  and  you  gave  the  case  of  a  man  who 
because  of  the  area  of  his  works  could  not  hdp  himself  at 
all,  and  I  think  you  said  you  would  tske  his  refuse  into 
the  seiwers  and  it  would  be  treated  with  the  general  mass  of 
sewage.  That  is  correct,  is  it? — ^Yes,  I  think  that  is  the 
best  way  of  dealing  with  a  manufacturer  who  is  so  hemmed 
in. 

344.  How  do  you  adjust  the  apparent  inequality  of  treat- 
ment? Have  you  a  special  rate  for  the  man  who  is  thus 
saved  great  expense  ? — No,  but  I  think  there  ought  to  be  .i 
special  rate.  I  should  certainly  advocate  that*  I  think 
the  manufacturers  ought  to  pay  for  going  into  the  sewers  in 
order  to  bring  them  all  on  the  same  basis. 

346.  (Professor  Foster.)  You  speak  of  your  test.  What 
you  take  as  your  standard  is  the  absence  of  putrescibility 
at  the  entry  of  the  effluent  into  the  stream  ?---That  is  so ; 
that  is  practically  what  it  comes  to.  That  is  what  we 
try  to  obtain. 

346.  Without  regard  to  any  ulterior  changes  which  may 
take  place  down  the  stream  ? — Oh,  certainly,  that  would 
be  considered. 

347.  It  would  be  considered  ? — Oh,  certainly. 

348.  So  that  bv  ''  at  the  entry  "  you  do  not  rettUy  mean 
at  the  entry?— I  mean  this,  that  the  effluent  as  it  dis- 
chaiges  into  the  stream  would  not  be  subject  to  any  secon- 
dary decomposition  of  that  kind ;  it  should  be  such  that 
it  will  not  make  the  river  a  nuisance  at  alL 

340.  I  do  not  know  whether  I  should  ask  you  or  Mr. 
Scudder  this.  In  the  table  which  forms  the  last  page  of 
your  abstract,  are  these  all  the  instances  of  sewage  treat- 
ment ^Are  they  all  that  we  have  had  7 

350.  Yes ;  is  this  a  complete  list  of  all  the  cases  where 
sewage^  is  treated  within  th.-^  area  ? — ^Yes,  this  is  a  com- 
plete list  of  the  samples  wlu.;h  have  been  submitted  offi- 
cially to  the  Joint  Committef 


351.  And  tbeee  samples  have  been  iakea  from  all 
where  sewage  is  treated  definitely  within  the  area  ~ 
that  is  so. 

362.  And  you  have  givea  a  certain  classification  ? — ^Yee. 

353.  But  each  of  these  categories,  I  suppose,  is  capable 
of  subdivision  ? — ^Well,  it  is  in  some  way. 

354.  Precipitation,  for  instance,  is  that  always  the  same 
in  every  case  ? — ^I  must  explain  that  in  a  few  cases,  Man- 
chester, for  instance,  which  is  under  the  head  of  precipi- 
tation, we  have  had,  I  think  it  is,  five  samples  from  land 
treatment ;  they  had  an  area  of  Lmd  of  thiriy  acres  which 
was  set  out,  and  five  of  those  samples  were  taken  from 
land  treatment. 

365.  Is  precipitation  ^in^P^  subudence  without 
assistance  or  with  assistance  ? — ^mth  assistance. 

356.  With  chemical  assistance? — ^With  chemical  as- 
sistance. 

357.  And  that  chemical  assistaoice  varies  in  different 
cases  ? — ^That  is  so. 

358.  And  artificial  filtration — ^there,  of  covurse,  you  have 
two  kinds  of  artificial  filtration  ?— Yes. 

360.  And  there  are  subdivisions  of  those? — ^Yes,  there 
are.  It  is  very  difficult  to  divide  them  exactly  into  two 
categories. 

360.  But  there  are  a  great  many  ? — ^There  are  a  great 
many  different  systems. 

361.  Is  it  possible  to  obtain  information  as  to  those 
different  systems  9 — ^Xo,  it  is  not  impossible ;  that  infor- 
mation can  be  obtained.  For  instance,  Turton  I  may 
mention  as  a  case  in  point,  where  the;^  take  the  whole  of 
the  filteiling  material  entirely  out  penodiosflly.  It  is  not 
washed  in  situ  ;  as  soon  as  it  gets  foul  the  whole  thing  iF 
taken  out  and  re-charged  with  cinders. 

362.  I  would  suggest  that  it  would  be  very  desirable  to 
have  some  brief  and  succinct  statement  <^  these  various 
methods  which  are  here  classed  together  under  the  phraao 
"  artificial  filtration.'* 

(Chairman.)  Yes. 

363.  (Mr,  Killick.)  There  would  ibe  no  difficulty  in  pre- 
senting that  at  the  next  meeting,  would  there  ? — "So. 

364.  We  should  be  veiy  gM  to  present  that  when  Mr. 
Tatton  presents  the  description  of  individual  works? — 
There  would  be  no  difficulty  about  that  at  all 

(Chairman,)  That  would  certainly  be  very  valuable. 

365.  (Professor  Foster.)  Would  there  be  any  difficult 
ill  distinguishing  any  of  those  different  systems  when  the; 
are  applied  to  household  sewage  only,  and  when  they 
are  applied  to  household  sewage  mixed  with  refuse,  and 
also  at  the  same  time  to  indicate  the  dominant  refuse — 
not  exactly  the  details,  but  whether,  for  instance,  paper 
works  are  the  dominant  industry  ? — I  could  get  you  that 
information  in  most  cases,  certainly. 

366.  (Mr.  Killick.)!  believe  that  infoimation  really  is 
in  the  documents  you  have  presented,  though  it  is  not  an 
that  sheet;  the  reports  you  present  from  time  to  time 
contain  that  information,  do  they  not  ? — ^Yes. 

367.  (Professor  Foster.)  But  scattered  ?-;-Yes. 

368.  Could  we  have  it  put  to  us  for  our  convenience  in  n 
succinct  form  ? — ^Yes. 

360.  Will  each  member  of  the  Commission  have  a  copy 
of  those  reports  ? 

370.  (Chaiiman.)  Can  you  manage  that  ? — Yts. 

371.  (Professor  Bamsay.)  I  notice  that  in  the  table  at 
the  end  the  limit  of  impurity  is  one  grain  per  gallon  of 
oxygen  absorbed  in  four  hours ;  is  that  an  arbitrary  Hmit ; 
who  imposed  that  limit?— -That  was  suggested  by  Sir 
Henry  Boscoe.  Mr.  Scudder  is  the  chemist,  and  I  think 
you  might  ask  him  about  that 

372.  Then  I  was  going  to  ask  as  regards  the  filtering 
material.  Perhaps  iliis  point  should  be  referred  to.  Are 
there  various  kinds  of  filtering  material  alluded  to  in  the 
two  divisions  of  artificial  filtration  to  which  you  refer  ? — 
Yes,  there  are. 

373.  That  is  also  a  part  of  the  variation  ?— Yes.  In 
some  cases  cinders  are  used ;  in  some  cases  sand  mixed 
with  other  materials. 

374.  Another  question  is  as  regards  the  relative  aren^ 
Do  they  require  the  same  amount  of  land  ?— That  varies 
verv  much  indeed. 
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375.  I  mean  for  the  same  quantity  of  sewage.  Would 
eaoh  of  the  Bub-diviflionfl  require  the  same  amount  of  land  ? 
— ^No,  that  varieB.  We  ihave  that  set  out  in  those  reports 
that  I  hare  laid  before  you,  and  those  reports  show  that 
the  area  yaries  both  in  land  and  also  in  artificial  filters. 

376.  I  mean  in  filter  beds  7 — ^Yes,  it  does  vary  consider- 
ably. 

377.  Which  would  you  say  required  the  leaat  space  of 
the  two  STBtems? — ^The  first  system  where  the  organisms 
perform  the  function  of  trannorming  the  organic  matter 
accumulated  in  the  filter— this  requires  a  larger  area  than 
the  other. 

378.  Then  another  question.  I  really  do  not  know 
whether  I  am  right  in  putting  auch  questions  to  you  or 
whether  I  should  wait  for  Mr.  Scudder  ;  pwhaps  you  will 
sitop  me  if  necessary? — ^If  I  cannot  answer  them  I  will  t«ll 
yon. 

379.  Then  I  want  to  aak  what  is  done  with  the  wash 
water  of  the  filter? — In  some  cases  the  wash  water  is 
pumped  back  into  the  tanks  and  Seated  over  again. 

380.  With  grecipitants? — ^Yes,  precipitated  orer  agam  ; 
and  in  oliher  cases  the  wash  water  is  run  on  to  an  area 
of  land  where  it  is  allowed  to  filter  through  the  land. 

381.  In  no  case  it  is  run  direct  into  the  stream  ? — Oh,  no. 

382.  (Major-Oeneral  Carey,)  Is  it  your  duty  to  decide 
as  to  the  best  possible  means  which  have  been  acfppted  by 
the  maaizfaoturer  for  rendering  the  effluent  harmless? — 
We  have  not  really,  I  was  going  to  say,  come  to  that  yet. 
I  suppose  in  a  case  in  coi^  where  it  had  to  be  fought 
out  the  manufacturer  would  have  to  show  that  he  was 
using  the  best  practicable  means,  and  it  would  be  our 
bufliness  to  i^ow  that  he  was  not 

383.  But  on  the  actual  mode  of  procedure  what  hap- 
pens in  the  inspection  of  the  works--do  you  inspect  the 
works  ? — Yes,  I  do. 

384.  To  ascertain  what  has  been  done? — ^Yes. 

385.  And  to  report  to  the  Joint  Committee  ? — ^YeSf  that 
ia  so.  If  the  effluent  from  a  works  is  unsatisfactorr,  I  do 
report  to  the  Obmmittee  if  I  think  it  is  impossible  for 
the  manufacturer  to  carry  out  any  further  works. 

386.  You  would  take  samples,  I  suppose,  of  the  trade 
effluent  for  analysis? — ^Yes,  I  do. 

387.  What  standard  do  vou  use  for  deciding  wthether 
the  effluent  ia  good  enough  to  be  put  into  the  river  or 
not  ?^np  to  the  present  time  what  we  have  endeavoured 
to  do  is  to  prevent  solid  matter  being  discharged  into 
the  river.  If  the  manufacturer  moves  all  his  suspended 
solids  out  of  his  effluent^  and  if  nothing  settles  out  of  the 
sample  after  standing  for  a  day  or  so,  that  is  taken  as 
satisfactory. 

388.  That  is  the  limit:  the  manufacturer  must  move 
all  the  suspended  matter  ? — That  is  as  far  as  we  have  got 
at  present. 

389.  That  is  what  I  wanted  to  know-  On  that  you  de- 
cide whether  the  effluent  should  be  pas.sed  or  not  ( — Yes, 
thsfk  ifl  so. 

300.  You  do  not  deal  with  the  matter  in  solution?— We 
find  that  if  tiiiere  ia  a  large  amount  in  solution  it  settles 
out  in  the  sample  very  soon.  That  is  alao  mentioned  in 
the  analysis ;  the  matter  in  solution  is  also  taken  into 
consideration  with  Lkat  in  suspension. 

391.  Do  jou  consider  there  is  any  difficulty  in  treating 
trade  effluents  satisfactorily  if  the  works  are  suitably 
placed  ?— In  the  case  of  some  manufactories  there  is  great 
difficulty  ;  in  the  case  <^  f ellmongers,  for  instance,  it  is  a 
difficult  effluent  to  treat ;  they  want  a  large  area  of  filtra- 
tion or  of  land.  I  think  as  regards  most  manufactories, 
dyers,  calico  printers,  and  bleachisig  works,  there  is  no 
difficulty  about  it. 

392.  I>o  you  inform  them  what  works  they  ought  to 
undertake  topurify  the  effiuent,  or  is  it  left  to  the  TSjUiu- 
facturers?— We  do  not  oiucially  inform  them. 

303.  Is  it  left  to  the  manufacturer  to  call  in  separate 
advice  ?— It  is  left  to  the  manufacturer  to  call  in  separate 
advice  ;  I  do  not  officially  advise  them  at  all.  I  give 
them  aasMtance  in  going  round. 

394.  When  yon  report  to  the  Joint  Committee  that  the 
effluent  is  not  sufficiently  good  to  be  passed  into  a  stream 
thai  report  is  accepted,  I  presume,  or  is  it  subject  to 
revision  ?— An  anafyaifl  is  made  of  the  sample  by  the 
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chemist,  and  he  reports  whether  it  is  satisfaotorv  or  not,  Mr,  it.  a 
and  I  should  report  then  to  the  Oommittee  whether  it  I'/^ 
would  be  possible  for  the  manufacturer  to  cany  out  further       _  ' 

works.  12  July  iMe 

305.  As  to  treatment  on  land,  I  see  that  it  is  admitted 
here  that  land  is  the  most  siistable  means  of  purification 
if  it  can  be  obtained  and  is  suitable  for  the  purpose? 
— I  should  certainly  say  that. 

396.  It  is  the  best  mode  of  purifying  sewage? — ^Yes. 

397.  That  is  the  ocmclueion  at  which  the  Joint  Com- 
mittee have  arrived,  is  not  that  so  ?— That  ia  so. 

398.  As  regards  these  unsuitslble  soils.  Take  the  olay 
soils.  Have  not  the  distncts  attempted  to  improve  these 
clay  soils  by  taKmg  out  the  clay  and  burning  it,  and  re- 
placing it  or  otherwise  finding  a  better  filtering  medium  ? 
— ^That  has  been  done  in  the  south,  I  believe,  at  Wim- 
bledon. 

399.  Ther  have  not  attempted  it  in  the  north  ?— They 
have  not  attempted  it  in  the  north*  no.  That  comes  very 
expensive  ;  that  lb  practically  ma]dng  a  filter  bed. 

400.  Yes.  Of  course  it  is  expensive  except  when  the 
total  area  of  land  is  not  veiy  great? — ^Yes. 

401.  But  they  have  not  attempted  anything  of  the  kind 
in  the  Mersev  and  Irwell  watershed  ?•— No,  I  do  not  think 
it  has  been  aone  anywhere. 

402.  They  have  simply  rejected  clay  soil  as  unsuitable  ? 
—They  have  lyreferred  to  construct  filter  beds. 

403.  They  have  given  up  the  idea  of  using  the  land  for 
filtration  and  adopted  this  other  system  of  precipitation 
and  artificial  fiOtraition  ?— That  is  so.  They  can  get 
cinders,  as  a  rule,  pretfy  cheaply,  and  it  comes  less  ex- 
pensive to  maike  a  filter  bed  of  engine  ashes  than  to 
bum  the  clay  into  burnt  ballast  and  to  make  it  into  a  filter 
bed  in  that  way. 

404.  I  think  you  aay  that  in  a  larse  proportion  of  the 
works  where  the  sewage  was  treated  by  precipitation  and 
filtration,  in  that  case  representing  fifty  per  cent  of  the 
population,  the  results  were  satisfactory  ?-^Yes,  they  were 
satisfactory. 

405.  Those  results  were  satisfactory,  and  the  rest  un- 
satisfactory?— That  is  so. 

406.  Are  those  results  based  on  any  standaxd  ?— That 
was  the  standard  which  has  been  adopted,  and  on  irhich 
those  diagrams  are  drawn  up,  of  one  grain  of  oxygen 
absorbed. 

407.  That  has  been  the  sole  test?— That  is  so. 

408.  In  those  cases  where  the  effluent  has  been  unsatis- 
factory they  have  never  attempted  apparently  to  use  land 
which  I  presume  they  have  obtained.  In  all  those  cases 
where  chemioal  treatment  and  precipitation  and  artificial 
filtration  have  been  adopted  there  is  land  in  the  majority 
of  cases — ^the  authorities  have  obtained  the  land? — ^Yes. 

409.  But  they  have  not  used  it ;  they  have  given  it 
up  ?— In  some  cases  they  have  used  it ;  in  others  they 
have  not.  In  those  cases  I  mentioned— Tyldesley,  West- 
houghton,  and  Swinton— they  used  the  land. 

410.  In  addition  to  the  fihration  ?— No  ;  that  was  before 
they  adopted  filtration. 

411.  I  mean  in  addition  to  the  filtration  ?— Oh,  that  is 
so. 

412.  These  unsa^actory  results,  could  not  they  have 
been  partly  remedied,  possibly  entirely,  by  passing  the 
effluent  on  to  land  afterwards? — After  the  mtration? 

413.  After  the  filtration  ? — ^I  think  that  that  would  very 
likely  have  been  of  assistance,  but  in  the  case  of  olay  land 
you  simply  pass  it  over  the  surface. 

414.  Unless  it  is  prepared  as  I  suggested — ^unless  m 
better  filtering  medium  has  been  artificially  prepared  ?— 
Yes.    Ko  doutbt  you  could  make  it  into  a  filter. 

415.  Yes,  as  it  has  been  done,  as  you  said? — Or  yon 
might  have  an  artificial  filter,  and  then  pass  the  effluent 
from  that  filter  bed  over  the  suxfaoe  of  the  land,  as  they 
do,  in  fact,  at  Wimbledon. 

416.  What  I  mean  is,  tliere  seema  to  he  no  possibility 
of  the  defects  being  remedied  unless  they  enlarge  their 
works,  or  practically  reconstruct  them,  or  use  the  land  aa 
supplemental  after  ordinary  artificial  filtiation.  Of  courae, 
as  regards  this  last  table  (a),  you  have  promised,  I  think, 
to  let  us  have  all  the  concutions  under  which  these  results 
have  been  obtained  ?•— Yes,  I  hav«. 
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Mr.iLA.       417.  I  see  in  one  case,  Oldham  Corporation,  with  a 
■"iMQB     population  of  131,000,  onlj  three   samples  have  been 
LLl  '     taken  altogether  ? — That  is  so  ;  the  works  have  only  been 
12  July  1808.  opened  a  short  time. 

418.  In  the  case  of  land  schemes,  you  would  be  able  to 
let  us  know  what  the  area  and  quality  of  the  land  was  ? — 
Yes,  I  can  do  that. 

419.  On  which  the  sewage  has  been  treated  ? — ^The  area 
you  have  in  these  reports  in  tabular  form — at^the  end  of 
these  reports. 

420.  {Mr.  Killick,)  You  will  bring  that  all  into  one 
(able,  as  promised  ? — ^Yes. 

421.  (Sir  Bichard  Thame.)  I  wanted  to  ask  you  one 

question  with  regard  to  the  term  **  the  best  practicable  and 
''  reasonably  available  means."  Do  you  apply  that  equally 
to  the  poUution  of  an  existing  fouled  stream  and  th«  pollu- 
tion of  an  existing  perfectly  unfouled  stream  I— Should  I 
apply  th^t  standaxd? 

422.  Yes  ^Yes,  I  should. 

423.  Then,  if  you  have  an  effluent  which  is  admittedly 
difficult  to  purify,  and  some  remain  admittediy  foul,  yoi^ 
would  deal  no  more  severely  with  a  man  who  begins  to 
foul  au  existing  stream  hitherto  altogether  unpolluted 
than  you  would  with  a  man  who  pollutes  the  foulest  stream 
in  your  area? — ^The  endeavour  is  to  prevent  the  fouled 
stream  from  being  polluted. 

424.  How  do  you  do  that  if,  after  he  has  used  the  best 
praoticaible  and  reasonablv  available  means,  his  effluent 
still  remains  absolutely  foul?— You  mean  to  say  that 
the  stream  remains  foul. 

425.  No  ;  his  effluent  remains  foul,  and  he  is  fouling  a 
stream  which  hitherto  has  been,  say,  a  fishing  stream. 
EEave  you  any  means  d  dealing  with  him  any  more 
severely  than  with  a  man  who  f  oub  a  stream  such  as  flows 
through  Manchester? — ^No,  we  have  no  different  means  of 
dealing  with  him. 

426.  You  have  no  power  to  prevent  f»TiwtiTig  unpolluted 
streams  from  becoming  foul  ? — ^No  extra  powers,  no  addi- 
tional powers. 

427.  You  have  no  power  if  the  foul  effluents  must  go 
in,  and  yon  adnut,  ao  you  not»  that  some  effluents  will 
remain  foul? — ^Yee.  We  have  no  power  so  far  as  I  know 
to  prevent  a  manulsofenrer  starting  new  works  on  a  clean 
stream,  and  poEuting  that  stream  to  some  extent. 

428.  I  am  not  quite  sure  that  I  follow  exactly  what  you 
mean  in  your  statement  under  "Liquid  Manufacturing 
•'  Pollution,"  where  you  seem  to  imply  that  whatever  is 
required  in  Lancashire  should  be  required  in  every  part  of 
t)ic  country.  Do  you  mean  on  the  part  of  the  trader  or  on 
the  part  of  the  authority  dealing  with  the  refuse  in  the 
two  different  sets  of  places  ? — ^WoU,  I  should  say  in  both, 
but  in  that  particular  sentence  it  refeired  to  the  trader. 
What  I  wish  to  imply  is  that  it  is  hard  upon  the  traders  of 
Lancashire  to  be  put  to  the  extra  cost  of  treating  their 
trade  waste,  which  really  means  an  extra  cost  on  the  pro- 
duction, while  the  rest  of  the  traders  in  other  parte  of  the 
country  have  not  that  additional  expense  put  upon  them. 

429.  (Fro feasor  Foster,)  The  effect  of  that  really  is  to 
drive  trade  away  from  Lancashire  ? — ^That  is  what  it  tends 
to  do,  no  doubt. 

430.  (Sir  Bichard  Thome.)  At  the  same  time,  I  gsther 
from  what  you  put  to  us  that  the  improvements  manu- 
facturers have  had  to  carrv  out  at  their  own  cost  have  been 
of  personal  advantage  to  themselves  ? — ^In  some  cases  they 
have,  but  not  as  a  rule. 

431.  It  is  not  general  ? — ^No,  it  is  not  general. 

432.  Of  course,  one  is  at  once  confronted  with  the  fact 
that  the  manufacturer  pollutes  the  stream  for  his  own 
personal  profit,  and  for  nobody  else's  ;  that  is  the  object  of 
his  factory,  is  it  not  ?— Yes. 

433.  And  he  can  get  a  further  advantage  for  himseilf  by 
'essening  the  pollution  of  the  stream  in  many  cases? — He 
does  not  improve  the  stream  above  him  by  reducing  his 
Qfwn  pollution. 

434.  it  would  be  rather  collectively  ? — ^Yes. 

435.  But  he  saves,  does  he  not,  sometimes? — ^Yes  ; 
paper-makers  do. 

436.  But  that  is  not  very  general? — That  is  not  very 
general. 

437.  You  agreed,  I  think,  in  answer  to  a  question  which  • 
one  of  tho  other  Commissioners  put  to  you,  that  it  would 
be  fair  to  make  the  manufacturers  pay  something  for 
allowing  their  waste  to  enter  into  the  sewers  ? — I  think 
flo  ;  I  think  that  would  bring  them  all  on  to  the  same 
basis. 


438.  Would  it  be  equally  fair  to  make  them  pay  for 
taking  any  lefuse  into  streams  which  in  any  way  fouled 
them  ? — I  should  make  them  purify  it. 

439.  But  you  admit  that  there  are  some  things  which 
caunot  be  purified  I — ^It  is  a  very  difficult  thing  to  know 
how  to  assess  that. 

440.  If  it  could  be  assessed,  would  it  not  be  a  fair  thing 
to  do  7—1  think  it  is  very  unfair  upon  those  below,  cer- 
tainly. 

44L  You  have  a  man  above  who,  for  his  own  personal 
profit,  pollutes  a  stream  and  damages  the  interests  of  thoea 
belov.  Would  it  not  be  fair  that  he  should  at  least  in 
some  way  compensate  by  an  assessment  or  otherwise  thoee 
whom  he  injures  ? — ^If  it  damaged  those  below,  those  who 
were  damaged  by  him  could  take  action  against  him. 

442.  But  that  does  not  protect  the  poor  man  ;  it  re- 
quires monev  to  take  proceeding? — I  should  not  be 
inclined  to  allow  a  man  to  buy  himself  into  polluting  a 
stream.  I  should  not  like  a  manufacturer  to  have  the 
power  of  acquiring  the  right  by  purchase  of  polluting  a 
stream. 

443.  Not  if  he  has  used  the  best  practicable  and  avail- 
able means  for  preventing  the  pollution  of  the  stream  ?— 
I  do  not  think  that  should  be  recognised. 

444.  But  he  now  has  the  right  to  do  it,  has  he  not,  so 
far  as  you  are  concerned,  without  paying  anything  for  it  ? 
— By  going  into  the  sewers,  you  mean  ? 

445.  Ko.  You  allow  the  refuse  to  go  into  the  stream 
if  he  has  done  the  best  that  he  can  to  free  it  from  con- 
tamination, as  I  understand  ? — ^Yes,  that  is  all  the  power 
we  have. 

446.  Then  he  practically  has  the  right,  so  far  as  you  are 
oonoemed,  to  take  his  effluents  into  the  stream  now  with- 
out porchasing  his  right? — ^When  he  has  used  the  best 
practicable  means. 

447.  Yes,  and  if  it  still  then  pollutes  it,  you  do  mot 
think  it  would  be  fair  to  ask  him  to  pay  anything  for  it  ? — ^I 
really  have  not  considered  that  point ;  I  do  not  thin^  on 
the  face  of  it,  I  should  like  to  let  him  acquire  a  right  to 
pollute. 

448.  Can  you  cive  me  any  general  idea  at  all  as  to 
whether  it  is  a  substantial  increase  of  cost  to  the  sanitary 
authcrities  in  deiding  with  their  sewage  effiuent  if  they 
receive  manufacturing  refuse  ?  I  am  speaking  of  manu- 
facturing refuse  generally,  because  I  ^ow  your  answer 
must  be  quite  general  ?^Yes,  I  think  it  does  increase  the 
cost.  In  the  first  place,  it  increases  the  volume,  of  course, 
by  the  amount  of  manufacturers'  waste  which  is  turned  in, 
and  also  it  makes  the  sewace  more  variable ;  that  is  to 
say,  sometimes  it  is  of  a  different  oharacter  when  the 
manufacturers*  waste  is  being  turned  down,  than  it  is  at 
others,  when  it  is  purely  domestic  sewage. 

449.  Would  it  be  very  difficult  to  assess  the  amount  c^ 
increase  of  cost  so  as  to  require  a  payment  for  admission 
of  msnufacturing  refuse  into  sewers  ? — ^Well,  it  would  be 
very  difficult  to  get  it  exactly  right,  no  doubt.  I  should 
bo  inclined  to  put  it  on  the  volume  which  they  turned  in. 

450.  Irrespective  of  the  quality  ? — ^I  think  so  ;  I  think 
that  is  a  more  e:isy  basis  to  put  it  on. 

451.  Would  some  such  payments  be  a  very  great  incen- 
tiva  to  manufacturers  to  purify  their  refuse  ? — ^To  purify  it 
on  their  own  accoimt  ? 

452.  Yes,  before  it  goes  into  the  sewers? — ^Well,  I 
should  insist  upon  their  purifying  it  if  they  can  do  so. 

453.  Under  any  circumstances? — ^Yes,  under  any  cir- 
cumstances. It  is  only  those  instances  where  they  cannot 
do  it. 

454.  One  word  more  with  regard  to  your  tables  at  the 
end  of  tbe  printed  memorandum.  I  suppose  that  those 
cases  in  ^hich  you  get  one  hundred  per  cent,  of  samples 
below  the  limit,  are  those  which  are  most  pure? — ^les, 
^at  is  so. 

455.  And  you  contrast  precipitation  and  artificial  filtra- 
tion, and  precipitation  and  land  filtration,  and  they  are 
practically  the  same.  The  former  is  69  per  cent,  of 
samples  below  the  limit,  and  the  latter  gives  70  per  cent, 
of  samples  below  the  limit  ? — ^Yes,  that  is  so. 

456.  yow  I  notice  that  in  the  precipitation  and  arti- 
ficial filtration  series,  you  have  eight  cases  out  of  32  in 
which  you  get  what  would  be  perfection  from  your  point 
of  view — ^tl^t  is,  one  hundred  per  cent  ? — ^Yes. 

457.  Now  you  prdbably  have  noticed  that  out  of  tiioae 
ei^t  csaes  in  whioh  you  got  those  good  effluents,  in  aiz  in- 
stanceB  out  of  the  eight  3ie  numiber  of  eamiples  examined 
was  only  from  one  to  nine  ? — That  is  so. 


MINUTES  OF  EVIDENCE. 
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458.  Should  I  be  right  in  ftaftiiming  that  any  eetimate 
toBDoed  from  those  would  be  ol  tihe  very  roughest  character. 
Far  exajnple^ou  get  100  per  cent,  on  one  eingjle  aample 
QXamiDied  7— lea.  The  reason  why  that  ia  is  that  if  works 
are  usuany  satisfactory,  usuaUy  found  to  be  so,  the  sampleB 
tl»t  are  taken  are  not  always  so  numerous  ss  where  tbey 
are  ususUt  unsatisfactory.  They  are  not  so  often  before 
tihe  Comiuittee ;  that  is  really  the  reason  for  that.  For 
jnstance^  if  you  take  Mos^ley ;  Moasley  has  not  been  at 
vork  very  king.    That  is  the  third  on  the  list. 

459.  There  were  only  two  ssmples  tskeo,  I  see,  with  100 
per  cent,  below  the  linut  9 — Yea. 

460.  100  per  cent,  has  Teiy  little  mesning  on  two,  and 
still  leas  on  one  %—l  admit  that  iliat  is  so,  but  that  ex- 
planation that  I  gave  I  think  makes  a  difference. 

461.  Your  explanation  you  think  would  eliminate  that 
source  of  error  to  some  extent  ? — Yes.  If  we  had  had  an 
equal  number  of  samples  from  each  works  it  would  not 
have  made  any  practical  difference  in  that. 

462.  I  notice  lihst  in  the  precipitation  and  artificial  filtra* 
iion  even  with  that  source  of  error  you  only  get  8  out  ol  22 
in  which  you  get  the  100  per  cent.  ^That  is  so. 

463.  But  in  knd  filtration  you  get  9  out  pf  201— In  land 
filtration? 

464.  Nine  out  of  twenty  reached  100  per  cent,  of  ssm- 
ples below  the  lanit  ?— Yes. 

466.  That  confirms  what  you  said  as  to  land  filtration 
being  far  superior  to  the  other? — ^I  quite  agree  that  land 
filtration  is  ur  superior  to  the  otiier.  I  should  only  sanc- 
tion artificial  filtn^on  if  suitable  land  cannot  be  obtained. 

466.  You  get  69  per  cent,  of  samples  below  the  limit 
witii  precipitation  and  artificial  filtration  and  75  per  cent, 
in  the  case  of  precipitaticn  and  land  filtration,  but  in  the 
fonner  series  tou  have  321  samples  examined,  and  in  the 
latter  only  91^That  is  sa 

467.  Does  thsit  introduce  a  source  of  error  at  aU  in  f  oim- 
iog  any  conclusion  ?— Of  course  you  have  not  so  many 

.  ssmples  to  go  on. 

468.  In  other  words,  do  you  think,  that  notwithstand- 
ing, they  are  still  fairly  compaza>ble  ?— ^I  think  they  are. 

460.  One  more  word  and  I  have  done.    You  say  you  do 


not  adyise  officially  in  your  district  as  to  what  should  be   Mr.  H  a. 
done  to  prevent  the  pollution  of  streams  7— That  is  so.  iiTa v. 

470.  How  do  you  adTise  then  ?— Well,  in  going  round  to  ^^  j^ij^jr^, 
a  works — suppose  I  went  to  a  manufacturer,  and  he  said      — 

he  could  not  carry  out  any  works,  there  was  nothing  he 
could  do,  I  should  then  suggest  that  he  might  do  so-and-eo 
and  so-and-so,  and  as  a  rule  I  have  fouzid  that  that  has 
been  f aixfty  snccessf  uL 

471.  Does  not  that  hinder  you  at  all  in  finding  fai^  with 
him  afterwards  ?— Not  the  least.  I  have  found  no  diffi- 
culty in  that  at  aU.  Of  course,  if  you  put  it  to  him  that  if 
he  does  so-and-so  and  so-and-so  it  would  be  satisfactory ; 
that  might  cause  difficulties  afterwards. 

472.  O^e  ?— But  I  have  not 

473.  I  was  thinking  if  a  man  had  done  what  you  told 
him,  and  sidll  having  a  foul  effluent,  and  being  summoned 
to  appear  before  the  Committee,  his  answer  would  be : 
"I  have  done  what  vour  izupector  advised  me;  what 
more  can  you  expect  ? — ^I  think  that  would  be  rather  a 
difficulty ;  I  grant  tiiat ;  but  I  have  had  no  instances. 

474.  On  the  whole  you  would  admit  that  anyone  holding 
an  official  position  as  ^ou  do  towards  the  Board  ought  n(£ 
to  advisee— Not  officially;  I  should  agree  that  Sie  in- 
spector ought  not  to  advise  officisily,  and  I  aJwaya  tell  the 
manufacturer  that — that  any  advice  that  I  give  him  is  en- 
tirely without  prejudice,  and  it  is  not  officiailiy  from  the 
Committee. 

475.  And  vou  have  not  found  ihat  any  hindrance  in  your 
work  as  yet  f— No,  I  have  not. 

476.  {Mr,  KiUiek.)  It  was  agreed  by  ihe  Joint  Com- 
mittee that  we  should  give  all  the  help  possible  both  to  the 
authorities  and  the  manufacturem  m  the  treatment  d 
effluents,  was  it  not  i — ^Yes,  that  is  so,  unofficially. 

477.  And  you  were  asked  to  give  any  help  you  could  do  ? 
—Yes. 

478.  You  have  not  made  it  in  any  way  a  business  to  give 
help.  Have  you  received  any  fee  or  remuneration  what- 
ever for  giving  that  advice  ? — ^No,  none  whatever. 

479.  (Sir  Bichard  Thome,)  Your  whole  services  are 
taken  up  by  the  Committee,  I  suppose  ?— Oh,  certainly, 
that  is  so.    I  should  make  that  quite  plain. 


Mr.  Fbakx  ScDnDBB,  F.C.S.,  F.I.C.,  called  in ;  and  Examined. 


480.  {Chairman,)  You  are  a  Fellow  of  the  Institute  of 
<3hemistiy  of  Great  Britain  and  Ireland),  and  Chief  Scien- 
tific Assistant  to  Sir  Henry  Boecoe,  F.RS.  ?— Yes. 

481.  You  have  formeriy  been  assistant  to  the  late  Dr. 
ATigiia  Smith,  who  was  one  of  the  inspectors  under  the 
Bivexs  Pollution  Prevention  Act  of  1876  ? — Yes. 

482.  And  you  have  been  requested  to  appear  here  by  the 
Hensey  and  Irwell  Joint  Committee  as  chemist  to  that 
Boaid  with  the  object  of  describing  the  chemical  poition  of 
the  work  which  tiie  Joint  Committee  have  been  concamed 
^th  ?— That  is  so.  I  may  add  that  Sir  Henry  Bosooe  is 
the  Scientific  Adviser  to  the  Mersey  and  Irwell  Joint  Com- 
mittee, but  I  am  the  Acting  Chemist  under  the  super- 
vision of  Sir  Henxy  Boecoe. 

483.  'When  was  Sir  Henry  Boecoe  first  consulted  by  the 
Joint  Committee  ? — ^In  November,  1891. 

484.  For  what  object  ? — ^An  opinion  had  been  eixpressed 
that  it  might  be  desirable,  if  possible,  to  define  the  maxi- 
mum amouDt  of  poilution  to  be  aJlowed,  and  the  question 
was  referred  to  w  Henry  Boecoe  for  his  opinion. 

485.  What  opinion  did  Sir  Henry  Bosooe  express  re- 
specting the  desirability  of  adopting  standards  of  puxil^  9^ 
Briefly  srtated,  his  opinion  was  adverse  to  their  adoption. 
I  hand  in  a  copy  of  his  report  dated  November  23rd,  1891, 
giving  reasons  for  the  opmion  expressed : — 

*'  10,  Bramham  Gardens^ 

"  Wetherby  Boad,  S.W., 

"  November  23rd,  1891. 

"  Dear  Sir, — ^Witfa  regard  to  the  question  whioh  you  put 
to  me  at  my  interview  with  Mr.  Hibbert  and  yourseu  on 
Thursday  last,  respectlD^  the  desinihility  of  adopting 
ataoiaids  of  polity,  as  given  in  the  report  of  the  Boyat 
CoanmiBBion  appointed  by  Parliament  m  1868,  I  have  to 
say  that  I  beMere  such  standards  to  be  altogether  impracti- 
oaiile  for  the  Mersey  and  Irweill  Watershed.  Moreover,  I 
do  Bwt  think  that  the  nroposal  made  by  the  Salford  Oorpo- 
ratton  in  ^e  letter  of  the  Town  Clerk  of  July  22Dd  last,  in 
ifhkh  they  propose  to  take  a  stsudard  of  three  times  the 
quantity  of  impurities,  as  recommended  in  the  Commis- 


Mr.  F. 

Seudder, 

sioneis'  Beport,  as  being  reasonable  compliance  with  the  i'cSm ri<* 
Act,  would  work  any  more  satisfactorily.   On  the  contrary,  ,2  jiiiTisw 

I  am  strongly  of  opmion  that  no  general  commercial  stim-      

dard  of  purity  of  effluent  can  be  maintained,  and  for  the 
following  reasons  :  First,  because,  as  I  pointed  out  to  you, 
the  conditions  of  the  streams  vary  with  the  time  of  the 
year;  secondly,  because  each  industry  must  require  a 
different  standard,  inasmuch  as  the  impurities  sent  oiit 
from  one  works  may  be  much  less  hurtful  than  those  from 
another,  although  the  former  may  be  present  in  larger 
quantities ;  thirdly,  because  a  standard  which  may  be  fair 
itHhe  head  of  a  stream,  such  as  the  Irwell,  would  not  be 
fair  on  the  same  river  at  Manchester. 

''  Hence,  in  my  opinion,  the  only  way  of  dealing  with 
the  question  is:  First,  to  insist  that  no  solid  matter 
should  be  thrown  into  any  watercourse,  or  placed  so  as  to 
fall  into  it ;  secondly,  to  msist  on  all  manu&oturers  using 
the  best  practicable  means  for  rendering  their  effluents 
harmless,  so  as  to  cause  no  pollution^ the  water  into 
which  it  flows.  If  the  best  practicable  means  are  adopted, 
it  is  all  that  can  be  attempted  without  injuiy  to  trade. 
Another  advantage  is,  that  the  same  will  apply  to  sewage 
pollution  as  well  as  to  manufacturing  pollution. 

"The  Inspector  must  decide  whether  the  best  practi- 
cable means  have  been  employed,  and  thus  a  constant  ad- 
vance will  be  made  by  insistu^  that  the  satisfactory  pro- 
cess in  one  case  should  be  earned  out  in  another,  and,  by 
degrees,  commercial  standards  may  be  obtained  to  suit 
eadi  class  of  pollution. 

"lam, 

"  Yours  faithfully, 

"  HENBY  E.  BOSCOE. 

"Fred.  C.  Hulton,  Esq.,  Preston." 


486.  Do  you  wish  to  make  any  further  refereucc  to  this 
report?— Yes,  I  desire  to  call  the  attention  of  the  Com- 
mittee to  the  proposal  of  the  Salford  Coiporation  referred 
to  by  Sir  Henry  Bosooe,  and  to  say  that  the  adoption  of 
such  standards  would  not  assist  in  attaining  the  object  of 
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Mr.  F.     42ie  BiTera  Pollution  Preyention  Act  of  1876,  and  would 
Seudd9r,    ^jgjyj  ^  stultify  their  action,  inasmiuoh  as  grossly  piolliiting 
T.c.8^.i.c.  ^^^^|jg  would  be  allowed  to  pass  into  the  rivers  with  such 
u  July  1896.  fltandaidfl  in  force. 

487.  Wlhftt  action  did  the  Mersey  and  Irwell  Joint  Com- 
mittee take  on  receipt  of  Sir  Henry  Kosooe's  report?— 
They  decided  to  abandon  the  snggestion  to  define  the 
maximum  amount  of  impurity  to  be  allowed  for  the  reasons 
given  by  Sir  Henry  Rosooe. 

488.  When  was  Sir  Henry  Roscoe  again  consulted,  and 
witih  what  object?— On  Decem<ber  7th,  1891,  the  Joint 
Committee  retained  Sir  Henry  Bosooe  to  make  a  pre- 
liminary report  on  the  condition  of  the  various  works  in 
the  Mersey  and  Irwell  basins,  as  polluting  the  streams  in 
that  district,  and  also  as  to  the  best  means  of  preventing 
saoh  x>o]lution. 

480.  Did  Sir  Henry  Boscoe  present  to  the  Joint  Com- 
mittee a  report  ?— Yes.  I  bee  to  hand  in  copy  of  Sir  Henry 
Ro0ooe*s  report,  dated  March  26th,  1802. 

PREMMINAIIY  BEPORT  BY  SIB  H.  E. 

ROSOOE,  M.P. 

"  Manchester, 

''  March  26th,  1802. 

"  Mersey  and  Irwell  Watershed  Joint  Committee. 
"  To  the  Chairman  of  the  Joint  Committee. 

"SiTj — I  may  commence  this  Ppeliminaay  Beport  by 
stating  my  opinion  that  of  the  two  souroes  of  inilution, 
viz.,  sewage  and  manufacturing  refuse,  the  first  is  by  far 
the  moet  serious.  With  4ihe  sewage,  however,  I  am  not  at 
present  concerned.  As  regards  the  second,  upon  Which  I 
have  to  report,  I  may  remark  that  the  practical  question  is 
n<*  whether  the  waters  of  our  Lancaehire  rivers  can  ever 
be  made  fit  for  domestic  use,  but  by  what  means  they  can 
be  (rendeired  inofifensive. 

"  I  am  also  of  opinion,  as  expressed  in  my  letter  to  your 
Otterk  of  November  23rd,  1801,  that  the  appilioation  of  uni- 
fosm  etandaids  of  purity,  so  far  as  manufaoturisig  processes 
are  concerned,  to  rivers  throughout  the  watershed,  is  inez- 
ped&ent,  but  that,  in  every  case,  the  best  practicable  means 
tor  preventing  pollution  must  be  adopted. 

"The  first  necessity  is,  that  all  solid  matter  must  be 
excluded  from  the  stream,  according  to  Clause  2  of  the 
draft  of  'The  Mersey  and  Irwell  Joint  Committee  Act, 
1802,"  and,  in  my  opinion,  this  can  be  effectively  done 
without  interfering  materially  with  manufacturing  in- 
terests. The  question  of  W^A  poUuticm  is  a  more  difficult 
one,  and  requires  special  inquiry  into  the  nature  and 
amount  of  the  various  effluents ;  and  the  present  rei)ort 
mainly  refers  to  this  part  of  the  subject. 

**  On  commencing  the  inquiry,  I  was  funoished  with  a 
report  issued  by  the  Bivers  Committee  of  the  Manchester 
Corporation,  dated  Septwnber,  1801.  This  report  con- 
tains a  list  of  206  works  on  the  banks  of  the  river  Irwell 
and  its  tributaries.  From  this  list  I  selected  a  certain 
number  of  works  to  be  visited  as  representing  the  various 
trades  on  the  bank  of  ^e  river.  Together  with  these  I 
added  several  works  situated  in  the  Mersey  Watershed. 
In  all,  41  works,  oarefuUy  selected  as  typical,  have  been 
visited  and  inspected,  and  thus  evidence  obtained  to  en- 
aible  me  to  advise  the  Committee  as  to  the  best  steps  to  be 
taken  to  prevent  pollution. 

"The  works  inspected  are  classed  under  the  foQJowing 
heads : — 

"  1.  Calico  Printinj?  and  Dyeing  (16  works  visited). 

"2.  Bleach  (6  works  visited). 

"  3.  Wool  Scouring,  Fulling,  and  Felting  (4  woiks 
visited). 

*  4.  Paper  Making  (5  works  visited). 

"5.  Tanneries  (2  works  visited). 

"6.  Fellmongers  (1  woA  visited). 

"7.  Silk  Dyeinff  (4  woAs  visited). 

"  8.  Chemical  Works  (4  works  visited). 

"  Fir«%.— Calico  Peintiko  aot>  Dtb  Wobks.— With 
x«gaid  to  both  these  trades,  it  is  well  to  remark  that,  since 
the  introduction  of  artificial  colouring  matters,  and  of  wood 
extmcts  instead  of  madder  root  and  of  the  wood  itself,  the 
pollution  arising  from  diese  works  is  very  mnoh  less  now 
Hhan  fonnerly,  althoug^i,  even  at  present,  a  considerable 
amount  ol  pollution  does  exist  This  pollution,  however, 
is  mainly  confined  to  a  portion  6t  the  total  amount  of  water 
emiplojred.  The  volume  of  effluent  is  very  large,  and 
serious  pollution  must  continue  so  long  as  all  the  wash 
waters  are  allowed  to  mix  with  the  waste  liquids  from  the 
vMious  processes.  The  treatment  of  so  lasge  a  volume  is 
a  serious  question,  but  muoSi  leas  so  if  the  manufacturer 


were  advised  to  separate  the  '  wash  waters '  (which  mighty 
without  serious  damage,  be  returned  to  the  stream,  as* 
they  contain  no  solids,  and  are  only,  as  a  rule,  slightly 
coloured)  from  the  more  concentrated  and  impure  watetn^ 
which  require  treatment.  The  manufacturer  would  then, 
have  only  thoroughly  to  cleanse  a  portion  of  the  total 
amount  of  effluent. 

"The  process  of  puiifioation  to  be  adopted  must  obvi- 
ously depend,  as  the  Boyal  Oommissionero  reported  in. 
1870,  upon  the  position  of  the  manufacturer  on  the  stream, 
the  space  at  his  disposal,  and  other  circumstances. 

"  Efflcient  methods  for  purification  of  the  foul  effluent- 
are  well  known,  and  how  this  is  to  be  accomplished,, 
whether  by  means  of  subsidence  (wiith  or  without  the  addi- 
tion of  chemical  agents)  or  by  fiUxation,  is  a  question  which 
each  manufacturer  must  settle  for  himself.  In  cases 
where  land  is  not  available,  either  for  filtration  or  even 
subsidence*  the  desirabilliy  of  allowing  the  manufacturer' 
to  pass  his  fouler  effluent,  or  a  portion  of  it,  direct  into  the 
sewer  must  be  considered. 

"  I  may  state  that  the  effluent  from  this  class  of  works^ 
would  not  have  any  injurious  effect  on  the  sewers,  provided 
that  solid  matter  and  sludge  are  excluded. 

"  Secondly. — ^With  regard  to  the  effluent  from  Bleach 
Wobks,  the  pollution  is  not  of  a  serious  character.  It  con- 
sists exclusively  of  a  solution  of  chloride  of  calcium,  con- 
taining, in  some  cases,  traces  of  free  chlorine,  which  may 
be  thrown  into  a  river  in  considerable  quantities  without 
rendering  the  water  offensive  ;  on  the  other  hand,  the- 
entrance  into  the  stream  of  the  lime  sludge,  derived  from 
the  manufacture  of  bleaching  liquor  from  bleaching: 
powder,  must  be  strictly  prohibited. 

**  Thirdly. — ^In  the  case  of  Wool-Sooubing,  Fullino, 
and  Felting  Wobkb,  the  pollution  is  serious.  The  effluent 
contains  alkali,  soapy  and  oily  matters,  fullers'  earth,  and 
blue  colouring.  The  oOs,  which  are  derived  not  only  from 
the  soap  used  in  the  process  of  manufacture,  but  also  from 
the  natural  oil  existing  in  the  wool,  are  comlbined  with  a^ 
portion  of  the  alkali.  At  one  of  the  works  included  in  this 
class,  a  method  of  purification  has  been  adopted,  which  I- 
have  personally  inspected,  and  whidh  I  found  to  be  per- 
fectly efficacious.  This  is  done  by  chemical  precipitation 
and  subsequent  filtration.  The  cost  is  inconsiderable,  and' 
is  rendered  less  by  the  fact  that  much  of  the  refuse  oiJv 
and  fats  can  be  regained.  I  have  no  hesitation,  therefore, 
in  advising  that  aU  works  of  this  class  should  be  compelled* 
to  adopt  similar  means  for  the  purification  of  their 
effluents  ;  indeed,  it  is  satisfactory  to  learn  that,  iihe- 
attention  of  other  wool-scourers  having  been  called  to  the 
character  of  this  process,  the  adoption  of  the  plaoi  is  likely 
to  become  general. 

'*  Fourthly. — ^Papbr  Making  is  a  very  large  trade  on  the 
streams,  and  is  the  cause  of  a  serious  amount  of  pollution. 
Great  progress  in  utilising  the  waste  material  has,  how- 
ever, been  made  during  tiie  last  few  years,  and  several 
paper  manufacturers  on  the  stream  already  do  all  that  is* 
practicable  in  this  respect.  Othere,  however,  are  less 
careful,  and  measures  must  be  taken  to  insist  upon  these 
taking  Uke  ^precautions.  These  precautions  are,  (1)  in 
preventing  the  dirt  from  rag  washing,  lime,  fibrous  matter, 
etc.,  from  passing  into  the  stream  j^uiis  is  accomplished  by 
subsidence)  ;  (2)  in  the  evaporation  of  the  soda  liquors 
derived  from  the  boiling  of  the  esparto,  straw,  etc.,  this 
latter  process  being  remunerative.  The  large  volume  of 
water  used  in  the  manufacture  for  washing  purposes  may, 
without  damaffe,  be  admitted  direct  into  tne  river,  pro- 
vided means  be  taken  to  prevent  the  passage  of  waste- 
fibrous  materiaL 

''Fifthly. — TAyyiNG. — ^The  direct  entrance  into  the 
streams  of  all  liquids,  as  well  as  solids,  from  tan-yards 
must  be  strictly  prohibited,  as  the  effluents  are  of  a  very 
offensive  and  putrescible  character.  They  possess,^  how- 
ever, manurial  value,  and  where  sewers  exist  these  liquids 
may,  with  propriety,  be  sent  down  them,  especially  as 
their  volume  is  not  laige.  In  cases  where  sewers  do  not 
exist,  a  special  treatment  must  be  adopted.  Ko  attempt 
has  yet  been  made  by  any  tanner  on  the  streams  to  nurify 
his  effluent. 

"  Sixthly. — ^Fellmongers. — ^Li  this  trade  the  waste  pro- 
ducts are  very  offensive.  At  present  the  whole  of  the  foul 
liquore  go  direct  into  the  streams,  polluting  the  water  for 
a  considerable  distance.  Where  sewers  exist,  the  liquids, 
after  subsidence,  might  be  then  got  rid  (^.  In  other 
cases,  some  method  of  purification,  such  as  is  used  in  the- 
ease  of  sewage,  must  be  adopted.  In  one  works  prepara- 
tions for  such  a  treatment  have  been  made,  but  not  yet 
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ini  into  •Beration.    It  is  very  »dTi»ble  that  tWs  should 
»e  done  at  once. 

*'  S«ren*fcJv.— Silk  Dybino.— Formerly,  the  wwte  pro- 
^ttda  from  4i»  trade  polluted  the  river  coMiderably.  but 
iU  present  there  is  litUe  more  to  com^m  of  than  the 
IS^  of  coloured  water.  The  worst  of  this  sho^ 
beseparated  and  filtered,  as  in  the  case  of  calico  printing 
And  dyeing  works. 

-  EightMy.'-^HzmcAL  WoBKS.-In  the  case  of  diemi- 
fiftl  works  file  variety  of  materials  used,  and  of  the  pro- 
SctomSe;  il  so  great  that  it  is  impossible  to  report  upon 
S  ^  dass.  In  each  case,  special  fxami^ion  must  be 
made,  and  care  taken  that  the  best  practical  means  to 
^event  pollution  is  adopted.  Several  works  were  v^itod 
W  no  prions  pollution  was  observed,  except  in  the  case 
of  tar  works,  m  which  su^ate  of  ammonia  is  manu- 
-faduied.  In  this  process  lime  sludge  IS  run  mtotOienver. 
This  must  be  stopped  by  puttog  down  ^^VO^'^^l 
ior  subsidence  anrco<y&ig.  By  this  means,  the  larger 
portion  of  the  tarry  matter,  which  at  present  entora  the 
iteeam,  would  also  be  arrested.  This  plan  is  m  operation 
in  one  works. 

"  In  conclusion,  I  may  add  that  my  invesfcigatian  1^ 
HAown  that  very  much  may  be  done  to  improve  the  condi- 
tion of  the  streams  by  careful  inspection  and  friendly 
-oommunicatioA  with  the  manufacturers,  who  have  met  me 
in  a  most  conciliatory  spirit,  and  this  without  mterf  ermg 
with  the  important  trades  of  the  district,  or  harassing  the 
mannfacfcurera  in  carrying  out  their  processes. 

"lam,  Sir, 

"  Yours  truly, 

"  HEKBY  E.  ROSOOB. 

"The  Eight  Hon.  J.  T.  Hibbert." 

490.  I  notice  that  this  report  refers  exclusively  to  manu- 
iaoturing  pollution?— That  is  so. 

491.  You  were  not  concerned  and  had  not  been  con- 
sulted by  the  Joint  Cwnmittee  with  regard  to  sewage 
pollution  at  this  date  ?— No. 

492.  Did  you  yourself  visit  the  works  referred  to  in  this 
report?— Yes  ;  all  of  them. 

493.  I  may  take  it  that  you  agree  generally  with  the 
.statements  and  conolusions  of  the  report? — Yes. 

494.  Whait  action  did  the  Joint  Committee  take  with 
xegaid  to  this  report?— They  resolved  that  a  print  of  the 
report  be  sent  to  each  of  the  manufacturers  who  caused 
Any  pollution  to  the  rivers  and  streams  in  the  district  of 
the  Joint  Committee.  This  report  formed  the  basis  of 
my  evidence  which  I  gave  before  the  Police  and  Sanitary 
<Oommittee  of  the  House  of  Commons,  in  May,  1892,  whan 
the  "  Mersey  and  Irwell  Prevention  of  Pollution  Bill "  was 
•considered. 


495.  Willi  you  please  state  briefly  the  main  xeatures  of 
the  report?— No-  of  works  selecsted,  41.  dasafication  of 
Works. — 1.  CaJico  printing  and  dye  works.  Considerable 
amount  of  pollution  exists.  Volume  is  veay  large.  Ne- 
-cessily  of  separating  the  more  concentrated  and  impure 
watexB  from  the  *'wash  waters,"  so  as  to  minimise  the 
▼oluma  of  water  to  be  treated  daily.  Processes  of  Purifi- 
cation. 2.  Bleach  works.  Cotton  bleaching.  Waste 
bleaching.  Nature  of  waste  liquors.  Methods  of  purifi- 
cation. 3.  Wool  scouring,  fulling,  and  feltiog  works. 
Nature  of  waste  Honors.  Offensive  character.  Process  of 
purification.  4.  Paper  making.  Nature  of  waste  liquors. 
Process  of  purification.  5.  Tanning  and  feJhnongering. 
Nature  of  waste  liquors-  Process  of  purification.  6.  Silk 
dyeing.  Nature  of  waste  liquors.  Process  of  purification. 
7.  Cnemical  works. 

496.  When  was  Sir  Heniy  Boscoe  appointed  scientific 
adviser  to  the  Joint  committee  ? — ^Tho  Mersey  and  Irwell 
Joint  Committee  on  March  6th,  1893,  considered  the 
advis^ility  of  appointing  a  chemist  to  ad-rise  the  Joint 
Commiibtee  upon  the  pollution  arising  from  manufactories, 
and  they  resolved  to  appoint  Sir  Henry  Boscoe  as  their 
chemical  adviser,  and  on  March  9th  Sir  Henry  Boscoe 
commenced  to  carry  out  the  inspection  of  works  and  to 
advise  the  Joint  Committee  on  the  line  of  action  proposed 
to  be  taken.      Conferences  between  the  Chemical  Sub- 
Oommittoe  of  the  Mersey  and  Irwell  Joint  Committee  and 
representatives  of  firms  engaged  in  various  manufacturing 
processes  were  held  in  May  and  June,  1893i  for  the  pur- 
pose of  considering  the  possibility  of  so  dealing  with 
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noxious  or  offensive  effluents  passing  into  streams  adjacent     Mr.F. 
to  their  respective  works  to  prevent  them  from  being  y^^^ 
offensive  and  injurious  to  public  health.  ^^  jSTisflS. 

497.  What  result  had  these  conferences?— The  result  of      

these  conferences  was  that  the   trades  representatives 
ffeneraUy  expressed  their  readiness  to  comply  with  the 
requirements  otthe  Committee,  and  erect  plant  for  the 
satisfactory  treatment  of  their  foul  waters,  with  the  result 
that  by  the  month  of  October  good  progress  had  been 
made  and  considerable  enthuweam  was  created  to  sat;s- 
factorily  solve  the  problem.       It  was,  however,  found 
necessary  to  summon  at  least  106  manufacturers  out  of  a 
total  of  390  before  the  Joint  Committee  to  show  cause  why 
action  should  not  be  taken  against  them,  and  it  is  very 
satisfactory  to  have  to  point  out  that  dunng  a  penod  of 
six  months  following  the  date  of  these  conferences,  only 
eight  cases  required  the  intervention  of  the  Local  Goverur 
m^nt  Board,  who,  after  holding  an  inquiry  aa  the  Act 
requires,  decided  to  consent  to  further  proceedmgs  being 
tjSen  in  these  eight  oases.      The  manufacturers  have 
steadily  been  constructing  purification  works,  and  the 
Joint  Committee  nave  brought  pressure  to  bear  on  those 
manufacturers  who  have  erected  inefficient  works  to  im- 
prove them,  and  the  response  which  as  a  rule  has  been 
Sven  to  these  intimations  was  of  a  satisfactory  character. 
On  September  2nd,  1895,  Sir  Henry  Boscoe  presented  a 
report  to  the  Mersev  and  IrweU  Joint  Committee  on 
"Manufacturing  Effluents." 

SPECIAL  BEPOBT  BY  SIB  HENBY  BOSCOE. 

September  2nd,  1895. 
Sir  Henry  Boscoe  presented  the  following  Beport : — 

*'  MANTTyi-CTUEING  EFFLUENTS. 

" With  regard  to  manufactureie,  the  progress madehae 
been  of  a  satisfactory  character.     Much  has  been  daw, 
but  much  remains  to  be  done.    Duni^  the  past  ttgjht 
months  256  samples  of  manufacturers'  effluents  have  been 
analysed  and  reported  upon.     Of  these  foF*7.  ^^®,80<>d 
and  fifty-six  were  fair.    In  eighty-six  cases  the  effluento 
were  of  an  unsatisfactory  character,  and  in  seventy-four 
cases  they  were  bad.     In  these  latter  cases,  the  attention 
of  the  manufacturer  has  been  caU«d  to  the  condition  of  the 
effluent,  and  the  response  which  as  a  rule  haa  been  given  to 
tihese  intimations  was  of  a  satisfactory  character.     I  tmnfc 
the  fact  that  only  twenty-nine  manufacturers  have  lia^  to 
appear  at  a  Local  Gk)ve(mment  Board  Inquiry,  and  of  these 
onlv  eleven  have  been  prosecuted  since  the  commencement 
of  our  proceedings,  corroborates  the  opinion  I^^xpre88««  jn 
my  former  reports,  that  the  manufacturers  had  met  the 
demands  of  the  Joint  Committee  in  a  most  concihatory 
spirit. 

"  In  order  that  the  Committee  may  realise,  to  some  ex- 
tent, the  importance  of  the  work  carried  out  by  the  manu- 
facturers, I  have  had  the  following  tables  drawn  upflhow- 
ing  the  condition  of  the  effluent  from  works  of  different 
character,    viz. :  Bleachers   and   Calico   Printers,    Paper 
Makers,  and  Woolscouring  Fullers  and  Felters,  before  Mid 
after  treatment.     A  perusal  of  these  figurea  proves  the* 
the  work  of  purification  can  be  carried  out,  and  that  con- 
siderable improvement  in  the  condition  of  tihe  streams  M 
already  been  accomplished.    I  may  say,  shortiy,  ^^}^^ 
main  difficulty  of  solids  in  suspension  had  been  obviated, 
and  with  regard  to  the  soluble  matter,  especiaiQy  that  por- 
tion which  produced  pollution,    the   amount  had  been 
greatiy  reduced.    I  think  the  Committee  migiht  cong3»tu. 
]ftte  itself  upon  having  done  most  satisfactory  work  with 
the  help  of  the  manufacturers.    There  was  still  wwk  to 
be  done,  but  the  point  was  that  they  had  shown  that  it 
could  be  done.     As  showing  the  value  of  the  work*of  nver 
purification  which  has  been  carried  out  as  affecting  manu- 
facturers, I  may  mention  that  during  the  past  few  mootiia 
I  have  had  to  deal  with  a  matter  of  some  importance,  ▼«., 
the  pollution  of  the  Biver  Medlock,  caused  by  the  Brad- 
ford sewer  disdiarginjr  sewage  containing  iron  liquors  from 
galvanising  works.     The  dasoharge  was  not  only  objection- 
able as  a  polluting  liquid,  but  waa  causing  injury  to  vanous 
works  situated  below  the  outlet     Objection  was  taken  to 
its  admittance  to  the  main  drainage  system  of  the  Man- 
chester Corporation  on  account  of  the  chemical  consti- 
tiients  of  the  liquid,  and  ite  large  volume,  which  amounted 
to  something  like  576,000  gallons  per  diem.     It  was  also 
feared  that  the  admittance  of  such  a  liquid  into  the  sewers 
would  pffejudicially  affect  the  treatment  of  the  sewase  at 
the  outlall  works.    The  Corporation  of  Manchester,  how- 
ever, under  my  advice,  connected  this  discharge  with  the 
main   drainage,    and   the   result  has  been   satisfactory. 
One  manuf actorer  told  me  that  he  had  been  benefited  to 
the  extent  of  being  able  to  do  work  in  two  days  whictti 


32 


ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL: 


Mr.        formerly  took  seven  days  to  accomplish,  and  the  aaying  in 
w'iri^o.  ^7^  material  and  in  not  getting  spoilt  goods  amounted  to 
'-  -I1-' '  '  hundreds  of  pounds  per  annum.    This  expression  of  pro- 
is  July  1806  grogs  was  aleo  confirmed  by  a  member  of  another  Large  firm 
of  manoflsctarerB  having  works  on  the  banks  of  the  Med- 
lock,  and  it  is  generally  admitted  that  the  condition  of  l^e 
Medlock  is  cosisiderably  improved.    I  may  add  that  no 
evil  results  were  found  at  the  sewage  outfaiU  works,  but, 
on  the  contrary,  a  decided  advantage  has  been  obtained, 
inasmuch  as  a  saving  of  iron  precipitant  takes  place  when 
iron  liquor  comes  down  whi<m  is  more  than  sufficient  to 
treat  the  sewage  flowing  at  the  time.  ^ 

"  The  question  of  manufacturers  was  a  simple  one  com- 
pared witn  that  of  the  Local  Authorities.  The  difficulties 
in  ^e  latter  case  were  very  considerable.  Since  my  re- 
port on  this  subject,  presented  on  November  5th,  1894, 
some  120  additional  tests  on  various  samples  of  sewage 
effluents  have  been  reported  to  the  Committee  in  my 
monthly  statements.  I  have  not  thought  it  necesaiy  to 
olot  out  these  results  in  the  form  of  diagrams  as  formerly, 
but  rather  to  call  attention  to  a  few  impcntant  points  which 
tbese  analyses  reveal,  and  to  compare  the  posi^on  of  affaixs 
at  IJie  present  moment  with  that  of  Novemiber  5th,  1894. 
First,  wiiii  regard  to  the  County  Boroughs : — 

"Mancbbsteb. — ^Additional  analyses  since  November 
5th,  1894,  have  only  lowered  the  average  from  2'17  to  1^96, 
but  it  is  satisfactory  to  observe  that  in  the  last  month's  re- 
tain, Au^pist,  1895,  the  aippearance  of  filtered  effluents  of 
hifi^h  quality  from  this  Authority,  is  evidence  of  the  deter- 
minafaion  of  the  Corporation  to  meet  the  wishes  of  the 
Joint  Committee,  and  of  the  probobilitv  of  arriving  at 
satisfactory  results.  Indeed,  I  may  say  that  I  am  in  good 
hopes  that  the  ultimate  result  of  the  filtration  of  the  whole 
of  the  effluent  will  be  satisfactory  to  both  Authorities. 

"  It  has  been  said,  and  with  truth,  that  '  The  Mersey 
and  Irwell  Joint  Committee  Act'  is  a  strictly  prohibitive 
one  as  regards  polluting  liquids.  It  is,  however,  not  enough 
to  be  aUe  to  show  that  per  se  a  liquid  is  of  a  polluiing 
dharacter,  for  when  legal  proceedings  have  to  be  taken  it 
is  neoessary  to  satisfv  the  Court  whe&er  the  best  available 
means  have  been  adopted  to  prevent  pollution,  so  that  if 
this  is  shown  not  to  be  the  case  an  Order  may  be  obtained 
to  compel  the  Authority  to  carry  out  efficient  works.  I 
have  long  felt  that  one  of  the  unsatisfactory  positions  in 
which  we  are  placed  is  that  in  the  majority  of  casee  we  are 
unable  to  determine  how  far  the  various  prooei^ses  are 
efficient.  The  best  indicator  for  showing  the  efficiency  of 
the  treatment  is  the  percentage  of  impurity  removed. 
This  can,  to  a  great  extent,  be  iudged  of  in  the  case  of 
sewage  treatment,  by  the  proportion  of  organic  matter  re- 
movM  to  that  originally  nresent  in  the  raw  sewage,  but 
this  mode  of  measurini?  the  amount  of  benefit  received  is 
less  applicable  to  the  effluents  we  have  to  deal  with  from 


manufactaring  processes,  where  we  have  to  calculate  with' 
constantly  varying  qualities  of  the  materials  to  be  treated, 
under  widely  different  conditions.  For  the  same  reasoDs 
it  is  not  advisable,  in  the  case  of  mAnufaotorizw^  effluents, 
to  fix  any  hard  and  fast  standards  of  purity.  WxUi  regard 
to  sewage  works,  however,  a  limit  of  impurity  has  been 
drawn,  the  object  being  to  guide  the  Joint  Committee  in 
taking  legal  proceedinfls,  aiui  to  bring  the  more  flagniiit 
cases  of  pollution  under  notice.  The  object  of  sewage 
treatment  on  our  watershed  is  not  to  transform  the 
effluents  into  potable  water,  but  to  abate  and  finally  to  ter^ 
minate  the  pollution  of  our  rivers.  The  limit 
of  impurity  usually  allowed  in  a  drinking  water  is  about 
one-twentieth  of  the  limit  of  impurity  which  I  have  here 
adopted  for  sewage  effluents,  conseauently  the  demands  of 
the  Joint  Committee  are  reasonable,  and  in  my  opinion 
essential,  if  good  results  are  to  be  obtained.  In  the  large 
majority  of  cases  of  town  sewage,  chemicaJl  treatment  is,  as 
I  have  frequently  remarked,  not  sufficient,  some  form  of 
subsequent  filtration  being  essential  to  obtain  good  results. 
This  is  fuHy  borne  out  by  the  recent  results  from  Man- 
chester, to  which  reference  has  been  made,  where  filtered 
effluents  are  obtained  of  high  quality  much  below  i2ie  fixed 
limits  of  impurity  as  shown  in  the  diagrams,  whilst  the  un- 
filtered  effluent  is  above  those  limits. 

''  Salford. — ^Four  additional  results  have  been  recorded 
showing  no  improvement. 

"  BoLToy. — ^No  further  results. 

''BocBDALB. — Two  additional  results  have  been  re- 
corded showing  a  marked  deterioration  in  the  quality  of 
the  effluent,  231  and  6*24  respectively. 

"Bttbt,  Oldhak,  AMD  Stockfobt  have  not  yet  got 
sewage  works  in  operation.  The  position  of  the  County 
Boroughs,  as  regards  the  treatment  of  sewage,  still  re- 
mains, I  regret  to  say,  in  an  imsatififactory  position. 

"  Noy-CoTJNTT  BoBOUGHs,  11. — ^Additional  results  from 
only  one  of  these,  namely,  Hyde,  -have  been  obtained,  and 
it  has  been  necessary  to  prosecute  this  Authority  for  not 
using  its  filters  and  turning  crude  sewj^e  into  the  river. 

''Urban  Santtabt  Authobitibs,  56. — Additional  re- 
sults from  29  of  these  Authorities  have  been  recoxded  and ' 
the  position  remains  nearly  the  same  as  in  November  lasL 
Swinton  and  Pendlebury,  also  Whitefield,  have  been  fined  ~ 
for  pollution. 

"Bubal  Sakifabt  Attthobities. — ^The  additional  re- 
sults show  generally  a  fairly  satisfactory  result,  and  two  ad- 
ditional sewage  works,  Wardle   and  *  Nortihenden,    have  ^ 
come  into  operatioiL 

"  "Resolved — ^That  the  Report  be  received,  and  that  the  - 
taibles  referred  to  in  it  be  printed  as  an  appendix  to  the  - 
proceedings. 
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Crude  Effluent  (Before  Treatment). 

Purified  Effluent  (After  Treatment). 

Grains  per  Gallon. 

d8  in  Solution. 
Volatile.      Total. 

Grains  per  Gallon. 

Solids  in  Suspension. 

Soil 
Mineral. 

31-78 

Solids  in  Suspension. 

Solids  in  Solution. 

Mineral. 

Volatile. 

Total. 
30-24 

Mineral. 

Volatile. 

Total. 

Mineral. 

Volatile. 

Total. 

714 

•    2310 

117-60 

149-38 

4-0 

2-0 

6-0 

37-5 

16-0 

53-5 

1 13-40 

103  04 

216-44 

11004 

83-44 

193-48 

3-0 

2-0 

50 

77-0 

18-0 

95-0 

105-00 

89-88 

104-88 

87-36 

62-72 

150-08 

0-0 

0-0 

0-0 

80-0 

17-5 

97-5 

16-62 

30-80 

47-32 

83-44 

80-08 

163-52 

00 

0-0 

00 

113-0 

16-0 

1290 

180-50 

106-00 

376-60 

101-00 

32-50 

133-50 

5-5 

8-0 

13-5 

75  0 

33-0 

108  0 

)26-96 

0100 

217-08 

77-42 

56-00 

133-42 

1-5 

4-0 

5-5 

70-0 

11-0 

81-5^ 

3-64 

1204 

15-68 

60-76 

33-60 

94-36 

20 

1-0 

30 

550 

9-0 

640 

4-20 

35-84 

40-04 

35-84 

50-12 

85-96 

5-0 

0-0 

50 

47-0 

10-5 

57-6 

3-92 

15-68 

10-60 

31-50 

30-52 

6202 

0-0 

0-0 

0-0 

33-0 

10-5 

43-5 

36-40 

22-68 

59-08 

29-82 

26-04 

55-86 

0-0 

0-0 

0-0 

32-0 

5-0 

37-0 

1-12 

16-52 

17-64 

21-84 

22-68 

44-52 

0-0 

0-0 

00 

23-0 

6-5 

29-5 

200 

21-00 

26-00 

37-5 

12-50 

5000 

2-5 

3-5 

60 

225 

12-5 

35*0 

Fb 

ANK  SCUDDER, 

Angus 

It  3Ht.  18H 

5. 

For  Sir 

Henry  IU 

>SCOB. 

MINUTES  OF  EVIDENCE. 
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Mr. 

F.C.8.,  r.LQ. 

ISJuiyiaQS 


Crude  Effluent  (Before  Treatment). 
Grains  per  Gallon. 


Solids  in  Suspension. 


Solids  in  Solution. 


Mineral. 


34-5 
2-8 

37  0 

67-5 

130 
8-6 

14-4 
6-7 

15-2 
4-7 

22-2 
1-2 
4-5 


Volatile.  I    Total.     Mineral.  I  Volatile.     Totel. 


72-8 

9-8 

28-5 

39-5 

12-0 

3-2 

8-9 

3-3 

18-9 

12-6 

25-6 

30 

14-7 


?    1 


107-3 
12-6 
65*5 

107  0 
25-0 
11-7 
23-4 
100 
341 
17-3 
47-8 
4-2 
19-2 


61-7 
43-1 
400 
32-5 
85-0 
67-7 
60-4 
32*9 
37-5 
43-9 
450 
37-9 
39-2 


99-5 
20-3 
12-0 
170 
85  0 
24-7 
24-5 
48-4 
33-3 
23-8 
15-4 
15-4 
140 


162-2 
63-4 
52-0 
49-5 

170-0 
92-4 
84-9 
81-3 
70-8 
67-7 
60-4 
53-3 
53-2 


Purified  Effluent  (After  Treatment). 
Grains  per  Gallon. 


Solids  in  SuH|K5nsion. 


Solids  in  Solution. 


Mineml.  I  Volatile. ;    Total.      Mineral. 


20 
00 
4-5 
4-5 


10-5 
1-5 
1-0 
2-0 
2-5 
10 
10 

0-5 
00 


10-0 
0-0 
4-5 
4  0 


20 
6-5 
50 
2-5 
1-5 
2-5 
1-0 
Trace 
0-5 
0-0 


120 
00 
90 

8-5 


350 
60-5 
23-5 
326 


Volatile. 


24-0 

20-0 

110 

6-0 


Total. 


59-0 
80-5 
34-5 
38-5 
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_^ 

12-5 

42-5 

100 

52-5 

8-0 

38-5 

22-0 

60-5 

60 

46-0 

16-0 

62-0 

4-5 

880 

180 

106-0 

40 

44-0 

11-6 

56-6 

3-5 

69-5 

150 

84-5 

2-0 

35-0 

110 

46-0 

36-5 

90 

45-5 

1-0 

36-5 

130 

49*5 

0-0 

450 

6-0 

610 

Frank  Scudder, 

For  Sir  Henry  Roscoe. 

WOOL  SCOURING,  FULLING,  AND  FELTING  WORKS.— Table  C. 


Crude  Effluent  (Before  Treatment). 
Grains  per  Gallon. 


Solids  in  Suspension. 


45-64 

38-08 

39-0 

80-64 

47-88 

38-92 

5-32 

23-88 

7-28 

504 

2-52 

69-50 


94-92 

168*84 

3250 

528-36 

339*64 

50-96 

37-52 

77-52 

11-20 

9-38 

18-20 

42-00 


■ 

• 

1 

3 

m 

9 

e« 

1 

i 

O 
> 

140-5 

206-9 

364-0 

609  0 

387-5 

89-9 

42-8 

101-4 

18-5 

14-4 

20-7 

111-5 


Solids  in  Solution. 


d 
;. 
x* 


546  0 

169-96 

249-0 

120-4 

85- 1 

14812 

46-5 

24-5 

32-2 

40-0 

29-1 

200 


I 


667-8 

226*6 

199-0 

189-5 

204-4 

18-4 

101-9 

(iO-3 

46*2 

151 

23-8 

150 


1213-8 

396-5 

448-0 

309-9 

289-5 

166-5 

148-4 

84-8 

78-4 

55-1 

52-9 

35  0 


a> 

^■i* 

■  ^rf 

•mS 

^B^ 

a 

9i 

^^im 

•M> 

O 

o 

¥^ 

H 

Purified  Effluent  (After  Treatment). 
Grains  per  Grallon. 


Solids 
in  Suspension. 


t 

0 


30 
0-0 
00 
0-0 


0-0 
0-0 
0-0 
00 
0-0 
0-0 
00 
0-0 
1-0 
00 
00 
00 
0-0 


.2 

mm* 

"o 


5 

o 
Eh 


Solids 
in  Solution. 


fl 


.2 


160 
00 
0-0 
00 


00 
0-0 
0-0 
0  0 
0-0 
00 
00 
0-0 
3-0 
00 
0-0 
0-0 
00 


19-0 
0-0 
00 
0-0 


00 
00 
0-0 
0-0 
0-0 
00 
0-0 
00 
40 
00 
0-0 
0-0 
00 


83-0 
146-5 


14-0 
8-5 


78-0 

112-5 
88-5 
1560 
122-0 
600 
86-5 
68-0 
77-0 
62-8 
93-5 
65-6 


4-5 

7-5 
9-6 
8-0 
100 
7-5 
4-5 
8-0 
8-5 
4-7 
4-0 
90 


3 

o 
Eh 


Oxygen  absorbed. 
(4  hours*  Test). 


97-0 
1560 


82-5 

120-0 
98  0 
164-0 
132-0 
67-5 
90-0 
76-0 
85-5 
67-5 
97-6 
74-6 


1-43 
068 

0-68  and  0*78 


1-27 
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Frank  Scudder, 

For  Sir  Henrt  Roscoa, 
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PAPER  WORKS.-TABLB  D. 


Crude  Effluent  (Before  Treatment). 
Grains  per  Gallon. 


SolidE 

1  in  Suspension. 

Solids  in  Solution. 

Mineral. 

Volatile. 

Total. 

Mineral. 

Volatile. 

Total. 

50-96 

49-08 

100-04 

86-80 

53-20 

140-0 

3304 

55-16 

88-20 

51-80 

38-64 

90-4 

36-40 

72-24 

108*64 

30-52 

15-40 

45-9 

49-84 

34-72 

84-56 

190-40 

56-72 

246-1 

131-60 

14-00 

145-60 

117-60 

98-00 

215-6 

27-00 

45  00 

72-00 

266-00 

169  00 

435-0 

32-30 

59  00 

91-30 

170-00 

48-00 

218-0 

43-50 

53-50 

97  00 

206-00 

155-00 

361-0 

75-88 

42-00 

117-88 

105-28 

5516 

160-4 

31-50 

38  00 

69-50 

93-00 

41-00 

134-0 

31-80 

22-30 

5410 

83-80 

22-70 

106-5 

23-52 

29-68 

53-20 

55-44 

31-36 

86-8 

10-80 

3-00 

13-80 

51-80 

32-40 

84-2 

— 

— 

^— 

""^■^ 

_^ 

• 

— 

— 

— 

— 

— 

^  — 

1 

^ 



Purified  Effluent  (After  Treatment). 
Grains  per  Gallon. 


Solids  in  Suspension. 


Mineral. 


Volatile. 


Total. 


Solids  in  Solution. 


Mineral. 


Volatile. 


19-0 

12-5 

3-8 


= 


4-0 
0-0 
0-0 
5-5 
6-0 
2-5 
1-0 


16-5 

35-5 

81-0 

50-0 

2-0 

14-5 

84-0 

34  0 

14-7 

18-5 

47-0 

11-3 

5-0 

1    1        II 

i    1 1 

fill 

0-0 

0-0 

59-4 

46-6 

0  0 

0-0 

67  0 

150 

8-0 

13-5 

48-0 

16-5 

3-0 

9  0 

32-5 

15-5 

5-5 

8-0 

23  0 

5-0 

4-5 

5-5 

15-0 

9-0 

Total. 


131-0 

118-0 

58-3 


123-5 
106-0 
82-0 
63-5 
48-0 
28-0 
24-0 


August  31st,  1895. 


Frank  Scudder, 

For  Sir  Henry  Roscoe. 


This  report  deals  with  the  progress  which  had 
been  made  up  to  that  date  and  analyses  of  the  crude 
liquors  and  the  purified  liquids  from  calioo  printing  and 
dye  works,  bleach  works,  wod  scouring,  fulling,  and  felt- 
ing works,  and  paper  works  are  given.  As  showing  the 
value  of  the  work  of  river  purification  as  affecting  manu- 
focturers,  Sir  Henry  Boeooe  refers  to  cases  where  manu- 
facturers have  reaped  considerable  benefit  Such  instances 
might  be  enlarged,  as,  for  instance,  in  paper  works,  where 
fibrous  matter  formeiiy  allowed  to  escape  into  the  rivers  is 
now  recovered  and  utilised ;  dye  material  from  the  colour 
shops,  formerly  ruthlessly  thrown  into  the  river;  im- 
provements in  the  compoaition  of  iihe  dye  liquors  used  in 
dye-becks;  improvements  in  bleaching  processes ;  *Qie  re- 
turn of  the  manufacturer  to  the  use  of  river  water  instead 
of  town's  water. 

498.  Have  you  made  any  special  investigation  of  the 
efllTient  from  feUmongers'  works?— Yes.  I  desire  to  call 
the  attention  of  the  Committee  to  a  report  by  Sir  Henry 
Roscoe,  dated  November  26th,  1895,  on  the  purification  of 
fellmongers'  effluents." 

SPECIAL  REPORT  ON  THE  EFFLUENT  FROM 
FELLMONGERS'  WORKS. 

*'  44,  Mosley  Street,  Manchester, 

"  November  26fch,  1895. 

"  Gentlemen, 

"In  my  report  to  the  Joint  Committee,  dated  March 
26th,  1892,  I  stated,  with  regard  to  this  class  of  pollution, 
ttiat,  •*  In  this  trade  the  waste  products  are  very  offensive. 
At  present  the  whole  of  the  foul  liquors  go  direct  into  the 
streams,  polluting  the  water  for  a  considerable  dirtance. 
"Where  sewers  exist,  the  liquids,  after  subsidence,  mi^ht 
be  then  got  rid  of.  In  other  cases  some  method  of  purifi- 
cation, such  as  is  used  in  the  case  of  sewage,  must  be 
adopted.* 

"  In  subsequent  reports  I  have  called  attention  to  the 
serious  character  of  rae  pollution  caused  by  these  works, 
and  pointed  out  the  necessity  of  treating  the  refuse  dis- 
charge by  chemical  precipitation  and  subsequent  filtration, 
stating  wat  the  effluent  after  ohemdal  treatment  in  tanks 
must  be  passed  over  land,  as  no  amount  of  chemicals  will 
produce  an  effluent  which  does  not  rapidly  putrefy ;  and 
this  is  a  point  which  must  be  strongly  insisted  tipon,  viz., 
I^hat  it  is  essential  to  have  land  treatment  to  produce  a 
satisfactory  effluent. 

"  Since  the  date  of  these  reports  all  the  works  imder  the 
jnriBdiction  d  the  Joint  Committee  have  been  nrovided 
with  tanks  and  cinder  filters;  precipitation  with  cnenuor.ls 


has  been  adopted,  yet  the  effluents  passing  away  after  such, 
treatment  are  still  of  an  unsatdsfactory  character,  inasmuch 
as  they  are  found  to  contain  too  much  soluble  organic 
matter  of  a  putrescent  character.  My  assistant^  Mr. 
Scudder,  has  examined  a  large  number  of  treated  effluents, 
and  has  also,  from  time  to  time,  visited  the  purification 
plants  in  operation,  and,  as  the  results  of  his  analyses  and. 
inspection,  I  have  come  to  the  conclusion  that  the  filtering 
area  in  use  in  the  several  works  under  consideration  is  in- 
adequate to  effect  a  satisfactory  result,  and  that  a  con- 
siderable extension  of  filtering  area  is  necessozy. 

**  I  have  had,  through  the  courtesy  of  Messrs.  Thomas 
Heap  and  Sons,  of  Haugh,  New  Hey,  the  advantages  of 
making  some  experiments  on  the  treatment  of  the  refuse, 
and  I  find  that  the  chemical  treatment  with  alnm  cake, 
which  all  these  works  now  adopt,  can  be  more  satisfactorily 
and  economically  r^aced  by  the  use  of  a  mixture  of  lime 
and  sulphate  of  iron.  At  the  same  time,  the  work  which 
the  filters  are  called  upon  to  do  would  be  relieved,  and  a 
more  satisfactory  result  woud  be  attained. 

"  Of  course,  the  filtration,  whether  it  be  by  land  or  by 
porous  material,  must  be  intermittent,  and  the  rate  of  flow 
so  regulated  that  the  filtering  medium  may  remain  active 
and  capable  of  oxidising  the  organic  matter  in  the  water 
passed  through  the  filters. 

"  Land  treatment^  where  it  can  be  applied,  is  the  best ; 
'but  where  the  difficulty  of  obtaining  eumcient  land  arises, 
recourse  must  be  had  to  artificial  filtration  through  porou» 
materiid. 

"In  order  to  compare  the  effect  of  the  various  pre<npi- 
tants,  tiie  amount  of  oxidisaHe  oiganic  matter,  a» 
measured  by  the  oxygen  absorbed,  has  been  determined 
and  taken  as  indicating  the  polluting  character  of  <ihe 
effluent. 

"Thns  we  see  from  Table  A  that  the  untreated  effluent 
absorbed  8'68  grains  oxygen  per  gallon,  whereas,  after  2^ 
hours'  subsidence,  6'51  grains  oxygen  were  absorbed.  In 
other  words^ 

''L — Subsidence  alone  removed  25  per  cent,  of  tiie 
oxidisable  organic  matter. 

''  2. — After  precipitation  with  alumina  ferric  cake  at  • 
tiie  rate  of  3  lbs.  per  1,000  gallons  of  effluent 
(costing  0'72d.),  51*2  per  cent,  of  the  oxidi- 
sable  organic  matter  was  removed. 
"3.— With  1*42  lbs.  lime  and  4-288  lbs.  cop- 
peras (costing  O-dOd.)  per  1,000  gallons,  6SrT 
per  cent,  of  the  oxidisable  organic  matter  wan- 
removed. 
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"Smaller  amounts  of  chemdoals  produce  only  very 
raHf^tly  better  reflulta  than  subsidence  ak>ne,  and  are,  from 
4  practicai  point  of  view,  useless. 

"  It  is,  therefore,  clear  that  precipitation  with  cbemicals 
in  the  quantities  as  herein  stated  haa  only  a  limited  action, 
and  that  it  is  essential  to  adopt,  in  addlticn,  filtration. 
The  efBuent,  ever  after  637  per  cent,  of  the  objectionable 
matter  has  been  removed,  contains  an  amount  of  residual 
oiganic  matter  that  wil}  be  a  heavy  burden  to  whatever 
filtering  material  it  is  passed  thioagh,  and  it  is  necessary 


that  considerable  filtering  area  and  slow  percolation  of  the     Mr.  f. 
effluent  through  the  porous  material  should  be  adopted  if  ,.f2^f^'o 
satisfactory  results  are  to  be  obtained.  '  '  -^ 

"I  am,  Gentlemen,  wJuiywss 

"  Yours  truly, 

"  HENBY  B.  BOSOOE. " 

**  The  Mersev  and  Irweli  Joint  Committee, 

"  44,  Moeley  Street,  Manchester.'' 


EXPERIMENTS  ON  THE  CHEMICAL  PRECIPITATION  OF  THE  EFFLUENT  FROM 

FELLMONGERS^  WORKS. 


DFi^CRIPTION  OF  SAMPLE. 

Oxidisable 
Organic  Matter. 

0)st 
of  Chemicals 

per 

1,000  Gallons 

in  Pence. 

Percentage  of 

No. 

Oxygen  absorbed 

from 

Permanganate 

of  Potaflh 
(4  hours'  test). 

Grains  per  Gallon. 

Oxidisable  Oiganic 

Matter 

removed  by  subsidence 

+  Chemicals  =  100. 

1 
2 

3 

4 
5 
6 

7 

8 

9 

10 

Untreated  Effluent 

After  2i  hours*  subsidence 

Alumina  Ferric  Cake  : — 

0*714  lb.  per  1,000  gallons   (at   the   rate   of 

5  grains  per  gallon). 
1*42  lbs.   per  1,000   gallons    (at   the   rate  of 

5  grains  per  gallon). 
2-14  lbs.   per  1,000  gallons    (at   the   rate   of 

5  grains  per  gallon). 
3  lbs.  per  1,000  gallons  (at  the  rate  of  21  grains 

per  gallon). 

C!opperas : — 

0*714  lb.  lime  +  0*714  lb.  copperas  per  1,000 

gallons. 
0*714  lb.  lime  +1*42  lbs.  copperas  per  1,000 

gallons. 
0*714  lb.  lime  +  2*14  lbs.  copperas  per  1,000 

gallons. 
1*42  lbs.  lime  +  4*28  lbs.  copperas  per  1,000 

gallons. 

8*68 
6*51 

6*43 
6*41 
6*37 
4*80 

6*34 
6*24 
6*04 
3*09 

0*17 
0*34 
0-51 
0*72 

0*15 
0*25 
0*35 
0-70 

25*0 

25*0  +     1*2  =  26*2 
25*0+    1*5  =  26*5 
26*0  +    21  =  2J'l 
25*0  +  26*2  =  61*2 

25*0  +    2*6  =  27*6 
25*0  +    4*1  =  29*1 
26-0  +    7*2  =  32*2 
26-0  +  38*7  =  63*7 

Alumina  ferric  cake,  at  £2  5b.  per  ton 
Copperas  at  £1  6b. 

Lime    -        •        •      at  12b. 


If 
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If 


=  0*24d.  per  lb. 
=  0*14d.       „ 
=  0*064d.    „ 

Frank  Scudder,  F.I.C, 

For  Sir  Hekry  Rosoob. 


409.  What  provision  have  the  FeUmongers  made  for  the 
parification  of  their  waste  liquors  f — ^They  have  con- 
-jtruoted  settling  tanks  and  filters.    Precipitants  are  uaed. 

SOO,  What  do  you  say  as  to  the  efficiency  of  these 
maks  ? — ^They  are  inadequate  to  purify  the  large  volume 
•ol  waste  waters.  The  area  of  filters  are  totally  inadequaifee 
to  deal  with  such  a  large  volumci  and  considerable  exten* 
■mm  of  area  is  necessary  if  good  results  are  to  be  obtained. 
Moreover,  the  filtration,  of  whatever  kind,  must  be  inter- 
mittent, BO  as  to  aUow  oi  the  complete  oxidation  of  the 
organic  matter. 

FELLMONGERS. 

Table  showing :  1.  The  Filtering  Area  in  Square  Yards 
in  use  by  each  Manufacturer.  2.  Number  of  Gallons 
Hltered  per  Square  Yard  per  Day ;  and  3.  The  Estimated 
Volume  of  Water  per  Working  Day  treated. 


Name  of  Firm. 


John  Hill  &  Co.  (Coptrod) 
Thos.  Heap  (Wood  Mill) 
Walter  Heap  &  Co. 
-J6bn  Whitehead    - 
Thos.  H^  (Haugh)      - 
William  Ci^gg    •   • 


Square 
Yards 

Grallons 

per 

of 

Square 

Filtering 

Yard  per 

Area. 

Day. 

28i 

1,412 

56 

625 

61 

328 

91 

unknown 

158 

215 

456 

548 

Volume  of 

Water 

per  Day 

treated  m 

Gallons. 


40,000 
35,000 
20,000 

unknown 
34,000 

250,000 


FELLMONGERS. 

Table  showing:  1.  The  Tank  Capacity  in  use  by  each 
Manufacturer.  2.  Volume  of  Waste  Water  to  be  treated ; 
and  3.  Tank  Accommodation  expressed  in  Hours  required 
to  fill  Tanks. 


Name  of  Fu-m. 

Tank 
CajMcity 

m 
Gallons. 

Volume 

of  Waste 

Waters 

24  Hours. 

Hours 
required 

to 
fiU  Tanks. 

John  Hill  &  Co.  (Coptrod) 
Thos.  Heap  (Wood  MiU) 
Walter     Heap    &    Co. 

(Smallbridge). 
John  Whitehead     .       . 
Thos.  Heap  (Haugh) 
William  Cfegg        -       - 

51,4^ 
14,000 
10,049 

73,000 

56,600 

385,000 

40,000 
35,000 
20,000 

unknown 

34,000 

250,000 

'SI 

12 

40 
37 

2213. 


STANDARDS  OP  PURITY. 

501.  What  is  your  opinion  as  regards  the  Boyal  Oott- 
miflsioneiB'  Standards  of  18681 — ^L  BoyaJ  Commission 
Standards  of  1868.  See  Fouth  Beport^  pa^e  104.  (a) 
Good  effluents  often  do  not  comply  with  tUs  standard, 
and,  on  the  other  hand,  bad  efiluents  containing  soluble 
putrescible  matter  do  sometimes  comply  wxth  this 
standard.  (6)  Is  not  sufficiently  stringent  for  sewige 
works,  and  too  stringent  for  paper  works,  tanneries*  and 
felhnongering  works,  (c)  Is  too  severe  a  test,  and  not 
applicable  to  ettuents  fn»n  calieo  printing,  dyeing,  and 

b2 


3G 
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Mr,  F.     rjilour  works.    (d)  Would  not  prevent  river  water  being 
f.o!b!^!i?c.  °^o  unusable  for  manufacturing  purposes.     1*4  grains 
2-L '  '  Iron  per  gallon  would  render  water  unusable  for  dyeing 
12  July  1898.  purposes.     1*4  grains  Iron  is  equivalent  to  6}  grains  Green 
Copperas  (Crystallised  Ferrous   Sulphate).      1*4  grains 
Aluminium  per  gallon  is  equivalent  to  8'8  grains  Sulphate 
of  Alumina  (AI2  (SO4)  5).   Alumina  ferric  cake  contains 
61*1%  AI2  (SO 4^  3,  consequently  17'2  grains  of  Alumina 
ferric  cake  woula  be  allowed  to  escape  under  this  standard 
{e)  A  desirable  standard  on  account  of  the  |)oisonou4  char- 
acter of  arsenic      (f)  An  applicable  standard,      (g)  An 
applicable   standard,      (h   and   i)  Have    been    inserted 
entirely  in  the  interest  of  fish,    (h)  Is  of  value  so  far  as  it 
goes*  but  it  does  not  provide  a  remedy  against  pollution 
from  pyrolijg;neous  acia,  charcoal,  and  gas  works. 


MANUFACTURING  EFFLUENTS. 

502.  What  is  your  opinion  as  to  the  advisability  of 
adopting  Standards? — (1)  Definite  standards  not  desir- 
able. (2)  The  best  practicalble  and  available  means  to  be 
insisted  upon  for  the  treatment  of  foul  liquids  escaping 
from  any  factory.  (3)  Each  case  to  be  treated  separately 
on  its  own  merits.  (4)  The  manufacturer  is  fully  pro- 
tected from  "  vexatious  Htigation  "  by  the  course  pursued 
by  the  Mersey  and  IrweU  Joint  Committee,  viz. :  — 1st.  By 
calling  the  manufacturer  before  the  Committee  to  show 
cause  why  proceedings  should  not  be  taken  against  him. 
2nd.  By  the  interveirtion  of  the  Local  Government  Board, 
who  hold  a  local  inquiry  into  the  merite  of  the  case,  and 
d<ecide  whether  or  not  proceedings  in  a  court  of  law  should 
be  instituted.  (5)  The  manuft^urer,  when  he  appears 
before  the  Joint  Committee  to  show  cause  why  proceedings 
should  not  be  token  against  him,  is  told  in  definite  terms 
what  is  objected  to  and  what  is  required  of  him. 

503.  Is  it  desirable  in  your  opinion  to  extend  the  pro- 
visions of  the  Pollution  Prevention  BIU? — Undoubtedly 
similar  requirements  to  those  which  are  exacted  in  the 
Mersev  and  Irwell  Watershed  ought  to  be  exacted  aU 
over  the  country.  Manufacturing  interests  demand  this. 
There  have  been  39  applications  to  the  Local  Government 
Board  on  behalf  of  the  Mersey  and  Irwell  Joint  Committee 
to  take  proceeding  af^ainst  the  manufacturer  for  pollution 
— 1893  to  June,  1898.  These  applications  may  be  classed 
as  follows: — 

Class  of  Pollution. 


Permanganate  Test,  Four  Hours.— Results  of  the  - 
examination  of  sewage  eifluents  submitted  by  the  - 
Mersey  and  Irwell  Joint  Committee.  Januarjr  to  - 
December,  1897,  from  54  Sanitary  Authorities  - 
representing  a  population  of  1,684,002. 
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504.  Have  you  made  any  analyses  of  sewage  effluents  ? 
— ^With  regard  to  the  effluents  from  the  treatment  of 
sewage  from  the  various  sewage  works  under  the  jurisdic- 
tion of  the  Mersey  and  Irwell  Joint  Committee,  I  have 
analysed  the  whole  of  the  samples,  the  results  of  which 
have  been  presented  to  you  in  the  form  of  diagrams  by  Mr. 
Tatton. 

505.  What  conclusions  do  you  draw  from  these  results  ? 
— ^It  is  dear  from  a  consideration  of  these  results  that  fil- 
tration of  some  kind  is  essential  for  the  efficient  purifica- 
tion of  sewage.  Sir  Henry  Boscoe,  in  a  report  dated 
October  31st,  1894,  reviewed  the  results  of  such  deter- 
minations, and  for  the  purpose  of  criticising  and  comparing 
the  results  in  these  particular  cases  certain  standards  were 
adopted.  I  hand  in  the  report  referred  ta  The  limits  of 
impurity  were  fixed  at  1-lOth  grain  per  gallon  albuminoid 
ammonia,  ^  grain  oxygen  absorbed  3  minutes'  test;  1 
grain  oxygen  absorbed  4  hours'  test.  These  limite  of  im- 
purity have  been  of  great  value  for  the  purposes  of  classify- 
ing the  purity  of  sewage  effluents.  Great  dissatisfaction 
has  been  expressed  by  many  with  regard  to  these  stan- 
dards, especiaHly  by  those  who  have  been  in  the  position 
of  being  resnonsible  for  the  efficient  purification  of  sewage^ 
and  instead  of  standards  being  what  the  Boyal  Com- 
missioners of  1866  considered  "  real  friends  '*  to  the  Sani* 
tary  Authorities,  they  have  been  a  great  bone  of  conten- 
tion. Kerertheless,  I  beHeve  that  the  followinsr  tsble 
dispels  the  suggestion  that  the  Mersev  and  Irwell  Joint 
Committee  have  token  an  impracticalile  attitude  on  the 
question  of  stondard  of  purity  or  that  they  have  adopter 
i^xoessive  requiremente  as  to  purity : — 


— 

Per- 

centage. 

Effluents  classed  as  good  and  fair 
„            „           unsatisfactory    - 
„           „           ImuI     - 

220 
47 
40 

71-7 
15-3 
13-0 

Total  tests    -    -    - 

307 

100-0 

Effluents  that  aljeorbed  oxygen  f n»i — 

0*07  up  to  1  grain  per  gallon 

ro  giaina  to  1*25  grains  per 

1-25       „      1-60        „ 

1-6        „      2-0 

2-0        „      2-5 

2-6        „      3-0 

3*0  and  upiraids 

•  ■  • 

gallon 

■  ■  • 
• 

...    211 
...      21 
...      10 
...      14 
...      14 
8 
...      29 

• 

307 

Good  and  fair  effluents — 

From  predpitotion  alone 
,,      filtration   ... 

•  •  •                                4 

•  •  • 

7» 
...    213 

—  220* 

Unsatisfactory  effluents — 

From  precipitotion  alone 
„      filtration 

•  •  • 

•  •  • 

...      16 
...      31 

—    47' 

Bad  effluents — 

From  precipitotion  alone 
,,      ffltration  ••* 

•  •  • 

•  •  • 

...      34 

...          0 

—      40* 

Totol 


307 


Calico  Printing  and  Dyeing  Works 

...    16  Oases. 

*01dham 

Bleach  Works      

...      6     „ 

Rochdale 

Woollen  Works 

...      5     „ 

MiiLnrow   ... 

Fellmongers'  Works      

Paper   Works     

...      4     „ 

Prestwich... 

...  3  :, 

I^earsley  ... 

DiC  w  ers     .••          ••.         «••         ... 

...       2     „ 

Waste  Bleachers 

...      2     „ 

Colour  Manufacturing  Works  . . . 

...         1       n 

0*63  grain  and  1*0  grain  per  gallon. . .  2  ' 

0*82        „        1*0*       „  ...  2. 

0-63       „  ...  1 

TOO        „  ...  1 

0*52        „  ...  1 


xOVwIl       ...  ...  ...  ...'      i 

Akaltsis  of  the  "  Bad  "  Efzlttbntb.    40  Sahfles. 

From  precipitation  alone.    34  Samples. . . 

♦Manchester,  oxygen  absorbed  3*56  to  6*46 

(average  4*i93) 12 

♦Salf  ord,  oxygen  absorbed  2*06  to  4*60  (average 


2'd6) 
Hyde 
♦Bolton 
♦Rochdale 
Gorton 
Eearsley 
Castleton 


?» 


11 


21, 2*53,  and  6*03 

4-47  and  5*97 

6*84 

3*0  ...  ... 

3*44 


♦County  Boroughs. 


13 

3< 

2 

1 

1 

1 

1 
—34- 


From  filintion.    6  Samples... 

Timperley,  oxygen  absorbed  2*65  and  3*19 
Droylsden         „  „       3*37 

Rochdale  „  „        210 

Radcliffe  „  „        2*42      ... 

Altrincham       „  „        2*71 


2 

1 
1 
1 
1 
—  6 

40 


From  these  sewage  works  which  used  filtration,  the  - 
following  results  have  been  obtained  during  the  past 
year : — 

Timperley,  oxygen  absorbed  0*76;  074, 0*51, 0*58, 0*38? 

Droylsden        „  „        0*65. 

Rochdale  „  „        082, 100. 

Radcliffe  „  „        0:41,. Oil,  0*41, 0*47. 

Altrincham      „  „        0*49, 0*66, 1-24,  .0*80. 


MINUTES  OF  EVIDENCE. 
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If  we  exclude  the  samples  from  the  Cknint^  Borou£^, 
TUE.,28,  we  get — 

Percentage. 

Good  and  fair       220        78*9 

Unsatisfactory     47        16*8 

^•JvMl*  ••  •••  «••  •••  •••  JLfi  ^  %^ 


279. ..100-0 


Population  of  765,602. 

Moreover,  these  results  show  that  the  1  srain  oxygen 
absorbed  4  hours'  test  standard  is  only  used  for  the  pur- 
poses of  classification,  and  not  as  a  definite  standard. 
For  instance,  it  is  observed  that  it  is  most  difficult  for  a 
precipitated  effluent  to  get  within  the  standard,  and  on 
the  other  liand,  where  efficient  filtration  has  been  carried 
out,  the  results  are  considerably  below  the  standard.  With 
regard  to  filtration.  Sir  Henry  Boscoe  reported  to  the 
Joint  Committee  on  May  26th,  1897.  That  report  I  hand 
in. 


REPORT  ON  ARTIFICIAL  FILTRATION. 

**  10,  Bramham  Gardens, 

•'  Wetherby  Road,  S.  W., 

*•  May  26th,  1897. 


"To  the  Consulting  Sub-Committee. 

"  I  have  pleasure  in  reporting  to  your  Committee  as  to 
the  efficiency  of  the  results  obtained  in  the  treatment  of 
sewage  by  piecipitation  and  artificial  filtration. 

"I  am  of  opinion  that  the  adoption  of  artificial  fiilters  is 
a  move  in  the  right  direction,  especially  in  the  case  of 
large  towns  having  difficulties  in  acquiring  sufficient  area 
of  land  and  of  a  suitable  character  for  the  purification  of 
its  sewage. 

*'Land  filtration,  so  far  as  the  chemical  results  are 
concerned,  is  superior  to  artificial  filtration.  Unfor- 
tunately, however,  the  volume  of  effluent  that  can  be 
treated  permanently  on  land  is  small  as  compared  with 
the  volume  that  can  be  filtered  by  artificial  filters. 

"  I  have  had  the  advantage  of  carrying  out  important 
trials,  extending  over  a  period  of  17  months,  with  filters 
made  both  of  cinders  and  of  coke  for  the  Rivers  Com- 
mittee of  the  Manchester  Corporation,  and  the  results 
have  been  of  a  satisfactory  character.  The  effluent  sub- 
mitted to  filtration  had  previously  been  treated  with  milk 
of  lime  and  copperas.  The  volume  of  such  effluent,  which 
an  acre  of  filter  was  able  to  deal  with  continuously,  was 
about  800,000  gallons  per  day.  It  remains,  however,  to 
ascertain  how  long  these  filters  will  work  satisfactorily 
before  requiring  renewal  of  a  part  or  the  whole  of  their 
contents,  and  tnis  is  a  cardinal  point. 

"  Artificial  filters  have,  in  some  instances,  been  adopted 
at  sewage  works  under  the  jurisdiction  of  your  Com- 
mittee, and  the  failures  which  have  frequently  attended 
their  use  are  traceable  to  the  non-compliance  with  the 
conditions  which  are  essential  for  successful  and  per- 
manent purification.  Quoting  from  my  report  to  the 
Rivers  Committee  of  the  Manchester  Corporation,  dated 
April,  1896,  I  said  :  — *  The  conditions  essential  for  sue- 
ce«sful  purification  by  filtration,  viz.,  the  conversion  of 
the  organic  carbon  and  of  the  organic  nitrogen  in  the 
sewage  into  inorganic  matter,  have  long  been  recognised 
and  advocated,  but,  I  am  sorry  to  add,  generally  ignored 
in  practice.' 

"The  Rivers  Pollution  Commission,  26  years  ago, 
pointed  out  that  in  filtration,  whether  through  sand, 
([ravel,  chalk,  or  soil,  or  a  mixture  of  chalk  and  sand,  it 
was  essential  that  the  atmospheric  oxygen  should  have 
frequent  and  free  access  to  the  interior  of  the  fflter,  and 
that  the  effluent  should  flow  freely  off  from  the  bottom  of 
the  filter,  so  that  as  the  last  portion  of  each  dose  of 
sewage  water  sinks  into  the  filter  it  may  draw  p' 
spheric  air  into  the  pores  of  the  material  from  the  surface 
downwards.'  Thu  subsequent  researches  of  Messrs. 
Muntz  and  Schloesing  in  France,  and  of  Professor  Waring- 
ton  in  this  country,  have  shown  that  purification,  as 
defined  above,  is  brought  about  by  the  mtervention  of 
micro-organisms.  Professor  Warington  has  also  pointed 
out  (14  years  ago)  that  sewage  contains  the  micro- 
organisms necessary  for  its  own  destruction,  and  that, 
under  favourable  conditions,  these  may  be  so  cultivated 
as  to  effect  the  purpose,  provided  the  filter  is  weU  supplied 


with  air  requisite  for  the  discharge  of  their  functions,  and     jf ,.,  y 
also  that  sufficient  lime  be  present  to  combine  with  the    Seudder, 
nitric  acid,  otherwise  the  process  of  nitrification  is  stopped.  ^-c-SmF-i.c- 
Tte  results  of  the  experiments  made  hj  the  Amenosn  12  jvijimi. 

diemists  (1801)  of  the  Massachusetts  Boara  of  Health  con-      

firm  the  above  statements,  for  they  state  that — *  The  puri- 
fication of  sewage  by  intermittent  filtration  depends  upon 
oxygen  and  time;  aU  other  conditions  are  secondary. 
Temperature  has  only  a  minor  influence :  the  organisms 
necessary  for  purification  are  sure  to  establish  themselves 
in  a  filter  before  it  has  long  been  in  use.  Impetf  ect  puri- 
fication for  any  considenible  period  can  invariably  be 
traced  either  to  a  ilack  of  oxygen  in  the  pores  of  the  filter, 
or  to  the  sewage  passing  so  quickly  through  that  there  is 
not  sufficient  time  for  the  oxidation  processes  to  take 
place.  Any  treatment  whidi  keeps  all  particles  of 
sewage  cBstributed  over  tiie  surface  of  sand  partides,  in 
contact  with  an  excess  of  air  for  a  sufficient  time,  is  sure 
to  give  a  weU  oxidised  effluent,  and  the  power  of  any 
material  to  purify  sewage  depends  almost  entirely  upon. 
its  ability  to  hoild  the  sewage  in  contact  with  air.  It  must 
hold  both  sewage  .and  air  in  sufficient  amounts.  Botih 
of  these  qualities  depend  upon  the  physical  oharacteristios 
of  the  material.  The  ability  of  a  sand  to  purify  sewage^ 
and  adflo  ikie  treatment  required  for  the  best  results,  bear 
a  very  close  relation  to  its  mechanical  composition.* 

"  The  difficulty  of  the  euibject  lies  not  of  course  with  the 
smaller  authorities.  Thus  out  of  54  Sanitary  Authorities 
reported  upon  this  month,  37  are  satisfaotory ;  and  all  d 
these,  with  the  exception  of  Oldham,  which  is  not  com- 
pletely connected  up,  are  small  ones ;  and  in  these,  land 
filtration  (16  cases),  or  artificial  filtration  (19  cases),  or 
tank  precipitation  alone  (2  cases),  have  yielded  a  satisfao*- 
toiy  result.  It  is  where  we  have  to  deal  with  large  poptB- 
lations  that  the  difficulty  becomes  great,  because  the  data, 
upon  which  conclusions  as  to  the  practicai  and  permanent 
efficiency  of  artificial  filtration  on  a  large  scale  is  yet  want- 
ing. To  obtain  such  data,  I  advised  the  Rivers  Com- 
mittee of  the  Manchester  Corporation  to  carry  out  artificial 
filtration  on  a  considerably  larger  scale  than  had  hitherto 
been  the  case. 

"  HENRY  E.  ROSCOE. 

**  Mersev  and  Irwell  Joint  Committee, 
"44,  Modley  Street,  Manchester." 

Artificial  filters  are  a  move  in  the  rig>ht  direction,  espe- 
cially in  the  case  of  large  towns  having  difficulties  iik 
acquiring  sufficient  area  of  land,  and  of  a  suitable  character 
for  the  purification  of  its  sewage.  Manchester  and  Salf ord 
are  instances  where  artificial  filters  might  be  adopted  with 
advantageous  and  satisfactory  results.  So  far  as  chemical 
results  are  concerned,  land  filtration  is  superior  to  artificial 
filtration.    Instance :  Stretford,  Aiderley,  and  Wilmslow, 

506.  In  Sir  Henry  Roscoe's  report  on  '' Manufactory 
Effluents,"  it  says,  '*  One  manufacturer  told  me  that  he 
had  been  benefited  to  the  extent  of  being  able  to  do  work  • 
in  two  days  which  formerly  took  seven  days  to  accom- 
plish, and  the  saving  in  dye  material  and  in  not  getting 
spoilt  goods  amounted  to  hundreds  of  pounds  per  annum/' 

I  was  not  quite  clear  what  the  meaning  of  that  was — I 
mean,  how  would  that  benefit  arise? — It  arose  in  this 
way.  This  manufacturer  was  situated  below  the  outfall 
of  this  iron  liquor  into  the  stream.  He  was  only  able  to 
draw  water  at  |)eriods  when  this  iron  liquor  was  not  filling 
into  the  stream,  but  by  its  removal  he  had  water  at 
command  at  any  time  of  the  day.  Now,  sometimes  during 
the  day  there  would  be  no  iron  liquor  coming  down,  and 
when  he  opened  the  valves  to  take  the  water  into  his 
reservoir,  before  he  got  any  amount  of  water  accumulated 
this  iron  liquor  would  commence  to  come  down  and  pollute 
the  water  which  he  was  using  for  the  purposes  of  log- 
wood dyeing. 

507.  This  benefit  came  to  him  from  getting  the  water 
unpolluted  ? — Quite  so,  and  getting  water  which  was  prac- 
tically pure  water  free  from  soluble  iron. 

508.  Then  you  say  "that  no  evil  results  were  found 
at  the  sewage  outfall  works,  but,  on  the  contrary,  a 
decided  advantage  has  been  obtained,  inasmuch  as  a 
saving  of  iron  precipitate  takes  place  when  iron  liquor 
comes  down,  which  is  more  than  sufficient  to  treat  the 
sewage  flowing  at  the  time."  What  does  that  mean? — 
At  the  time  this  discharge  was  disconnected  from  the 
Bradford  sewer  and  coupled  with  the  main  drainage  I 
was  in  charge  of  the  sewage  works  at  Manchester,  and 
this  iron  liquor  came  down  to  the  outfall  works  for  about 
three  hours  a  day.  During  those  three  hours  we  had  not 
to  use  any  copperas,  but  used  this  iron  liquor  for  pur- 
poses of  iron  precipitation  ;  consequently  we  saved  so 
much  copperas.  Thftn  at  a  later  period  Sir  Henry 
Roscoe    suggested— -we    had    no    idea    really,    at    least 
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Mr.F,      we     did  not  aoiiciipate  that  there  was  such  a   large 

SouMer,     flow  of  this  liquor  as  there  turned  out  to  be — and  he 

v.c.8^i.c.  Buggeg^^  {i  might  be  desirable  to  put  down  a  tank  at  the 

12  JaiyiBOS.  Corporation's  expense  at  the  works  of  the  Galvaniser,  and 

to  distribute  the  liquor  over  a  longer  period,  so  that  instead 

of  getting  only  three  hours  precipitation  we  oould  get  m 

much  liquor  as  would  precipitate  for  eight  or  nine  hours 

a  day.     So  that  this  was  an  instance  where  the  manu- 

iacturing  waste  was  most  difficult  to  satiafactorilj  deal  with 

in  order  to  bring  the  riyer  into  a  condition  for  the  water 

to  be  suitable  for  another  manufacturer,  but  the  liqano* 

^aa  of  great  use  to  the  Corporation  to  take  into  vheir 

«0wen,  because  it  acted  as  a  precipitant  upon  the  sewai^e. 

509.  You  remoyed  it  from  where  it  was  doing  harm  to 
where  it  was  doing  good?— Yes,  that  is  the  fw^t. 

510.  Then  the  next  thing  I  wanted  to  ask  you  was 
about  the  Massachusetts  Board  of  Health.  May  I  ask 
whether  of  your  own  knowledge  you  can  express  any 
nmginal  opinion  about  them  ^Well,  I  have  not  had  the 
advantage  of  going  over  to  America  to  see  these  particulair 
Alters,  but  I  have  had  the  adyantage  of  meeting  the  prin* 
<npal  chemisiiB  w^o  have  been  engaged  in  tihis  work, 
tiirough  Sir  Henry  Bosooe.  Professor  Diowne,  for  in- 
•tanoe,  who  took  an  interest  in  this  woik,  came  oyer  to 
liondon,  and  I  have  had  interviews  and  seen  the  result 
of  his  work.  I  'haye  followed  it  yery  dosely,  and  haye 
great  confidence,  and  believe  thoroughly  in  the  results 
which  they  'have  published.  I  Ijunk  tney  are  truly  sden- 
tiifio  and  perfectly  rdiaible  and  accurate,  and  from  my  own 
•eocperience  in  similar  work  I  oondrarate  what  they  aay. 

511-512.  And  do  you  know  whether  the  Ameiicaoa  are 
4ifvailing  themselyea  of  those  results  T—^^WelQ,  they  have 
made  some  progress. 

513.  They  haye? — ^Yes.  There  is  a  yery  good  aeries 
•ef  articles  on  the  application  of  this  work  to  practice  by 

Professor  Bonna.  I  have  not  got  the  vcdumes  with  me, 
but  I  can  get  them,  and  giye  you  the  reference  to  that 
French  expert  who  went  oyer  there,  and  not  only  saw 
^ese  experimental  filter-beds,  but  went  to  where  the 
-system  has  been  applied  to  town  sewage. 

514.  {Dr.  BuMfXL)  Is  Professor  Bonna  an  American  % — 
.2^0,  a  Frenchman. 

515.  {Chairman.)  You  say,  **  So  far  as  chemical  results 
.are  concerned,  land  filtration  is  superior  to  artificial  filtra- 
tion." You  feel  clear  about  that? — Oh,  yes  ;  I  think  there 
is  no  doubt  about  that.  But  I  should  like  to  explain 
a  little  more  extensively  my  meaning.  If  you  have  ten 
gallons  of  sewage  to  purify,  there  is  no  doubt  the  most 
efficient  way  to  purity  that  ten  gallons  is  by  filtration 
through  land. 

616.  Yes  ? — It  giyes  the  best  result.  But  you  can  also 
purify  that  10  gallons  through  artificial  filters,  but  in  no 
case  of  artificial  filtration  can  you  get  results  equal  to  those 
produced  by  land.  When  you  come  to  reflect  it  is  very 
easily  seen  why.  The  land  filter  is  more  compact,  it  holu 
the  sewage,  but  will  not  allow  it  to  go  through  rapidly. 
'The  consecjuence  is  that  by  slow  percolation  it  gets  into 
the  conditions  which  the  Massachusetts  Board  of  Health 
and  chemists  have  shown  to  be  essential  for  efficient  filtra- 
tion. The  land  is  almost  like  a  carriage  with  a  brake  upon 
it.  You  cannot  force  it  through ;  it  will  stop  before  it  will 
fail,  consequentiy  land  is  preferable  to  artificial  filters. 

617.  You  told  us  a  small  quantity — ^ten  gallons ;  do  you 
say  the  same  of  any  quantity  ? — Of  course,  but  then  the 
X>oint  is  that  when  you  get  a  large  quantity  you  want  such 
a  tremendous  area  of  land. 

518.  Yes  ?--iAjid  then  it  becomes  a  question  whether  it 
is  not  better  to  adopt  artificial  filtration,  and  on  consider- 
ing that  we  have  now  got  a  great  development  of  the 
theories,  or,  rather,  we  have  got  now  to  know  the  condi- 
tions and  the  reasons  why  purification  is  brought  about, 
I  think  artificial  filtration  may  be  safely  adopted,  provided 
it  is  worked  according  to  suitable  conditions,  intermittency 
being  a  vital  condition  for  efficient  results. 

519.  But  you  would  still  say  that  provided*  there  was 
enough  land  that  system  would  be  superior  to  any  artifi- 
cial filtration?— I  think  that  is  so.  I  may  point  out, 
for  instance,  I  will  take  the  case  of  Stretford,  which  is 
shown  on  that  diagram.  {Tointing  to  diagram  hanging 
on  t^  wall,)  Stretford  is  a  place  where  land  filtration  is 
resorted  to;  the  results  are  invariably  good;  they  are 
considerably  below  that  limit  of  impurity  which  we  haye 
thought  it  advisable  to  fix  for  the  purposes  of  classifvinc: 
effluents.  I  have  never  in  my  experience  of  artificial  filtra- 
tion been  able  to  obtain  similar  results.  It  was  suggested 
at  the  onset,  when  artificial  filtration  got  a  flrreat  moye  on, 
and  got  attention  attracted  to  it  by  Mr.  Dibdin's  researches 
— Mr.  Dibdin  said  the  longer  effluent  water  was  kept  in 
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contact  with  the  filtering  material  the  better  was  the  result. 
It  has  been  proved  that  that  is  not  so ;  that  it  is  not  im- 
proved by  keeping.  There  is  a  certain  time  allowed, 
during  which  certain  purification  is  effected ;  beyond  that 
you  cannot  go.  In  other  words,  by  artificial  filtration,  I 
mean,  biological  filtration,  you  cannot  produce  an  effluent 
so  pure  as  you  can  by  Una  treatment.  When  you  come 
to  consider  artificial  filtration  without  the  intervention  of 
organisms,  as  in  the  Polarite  system  you  get  an  effluent  of 
almost  the  same  degree  of  puriiy  as  kuid  effluent,  but  there 
are  objections  to  that  mtem  which  we  shall  have  pro- 
bably to  discuss  before  I  leaye. 

520.  (Mr.  KiJXiek.)  You  speak  of  the  ''limits  of  im- 
piuity."    Would  you  inform  the  Commission  what  theae 
are,  and  why  they  were  fixed? — Sir  Henry  Boscoe.  in 
his  capacity  as  adviser  to  the  Mersey  and  Irwell  Com- 
mittee, was  asked  to  analyse  and  report  monthly  on  the 
quality  of  the  effluents  which  were  produced  from  the 
sewage  works  under  the  authority  of  the  Mersey  and 
Irwell  Oommittee.    In  order  to  do  so  it  was  necessary  that 
we  should  classify  those  effluents  so  as  to  guide  the  Com- 
mittee— all  the  members  of  which  are  not  chemists — in 
judffing  of  the  merits  of  the  effluents  from  the  various 
works.    We  decided  after  experiments  that  we  should 
have  three  strings,  as  it  were,  to  our  bow,  that  we  should 
not  rely  upon  one  method  of  analysis  alone,  that  we  should 
take  the  amount  of  putrescible  organic  nitrogen  as  mea- 
sured by  albuminoid  ammonia,  fisong  a  limit  of  '1  grain 
per  gallon  ;  also  that  we  should  use  the  pergmanganate  test 
with  the  three  minute  test  to  show  the  putrescible  matter 
by  absorption,  and  also  the  four  hours'  test.    Those  three 
results  were  sufficient  for  us  to  daaaify  those  effluents  into 
good,  fair,  and  bad.    They  were  not  standards,  and  in  that 
report  where  Sir  Henry  Boscoe  discusses  tms  question, 
in  the  report  of  October  31st,  he  laid  before  the  Committee 
a  number  of  analyses  showing  how  these  limits  could  be 
obtained  from  works  which  inyolved  filtration.      There 
was  actually  no  difficulty  in  getting  below  that  limit,  and 
it  was  in  order  that  the  Joint  Oommiti»e  might  put  on  one 
side  effluents  which  we  might  pasa  for  the  time  being  until 
we  got  the  others  into  line  with  it — that  is,  works  that  did 
not  recognise  filtration  as  essentiaL    It  was  necessary  to 
prepare  diagrame,  and  diagrams  were  prepared  as  earfy  as 
1894,  the  same  as  those  thert  {indicating  diagrams  on  Appendix 
the  wall),  and  it  was  yery  clear  that  the  Committee  werp     ^o^o. 
able  to  deal  with  it,  and  authorities  understood  very  well 
from  a  diagram  like  that  that  precipitation  alone  was  not 
sufficient,  and  that  they  must  carry  on  filtration.     It  was 
not  really  a  definite  standard ;  but,  unfortimately,  the 
sanitary  authorities  have  looked  upon   it  rather  as   a 
standard,  and  raised  strong  objections  to  the  fixing  of 
the  standard,  especially  in  the  cases  of  MancSiester  and 
Salford  ;  they  did  not  think  it  was  possible  to  get  an 
ent  where  the  oxygen  consumed  would  be  less  than 
one  grain  per  gallon.    As  soon  as  ever  they  got  Umi 
filtration  into  operation,    however,  l&ey  obtained  yer^ 
often  yery  much  below  that  one  grain,  more  like  '5, 
and  when  they  got  artificial  filtration  they  found  no  diffi- 
culty in  getting  below  the  limit.     And  that  limit  of  im- 
purity, I  may  say,  was  fixed  from  experiments  which  we 
made,  distinguishing  on  the  one  side  effiuents  which  be- 
came putrid  on  standing,  from  those  which  did  not  b<v 
come  putrid.    It  was  a  sufflknent  division  line  to  guide  the 
Committee  in  their  work  of  purification,  and  we  did  not 
wish  to  set  up  an  ideal  or  tneoretical  standard ;  we  did 
not  even  suggest  that  they  should  have  nitrates  in  the 
effluent  which  are  very  important  to  take  into  account 
when  judging  of  the  quality  of  an  effluent.     We  simply 
wanted  to  guidle  the  Committee  in  their  practical  work. 

521.  It  is  tiie  lowest  standard  we  possibly  could  takef 
— That  is  so. 

522.  Professor  Bamsay  will  probably  inquire  from  Mr. 
Scudder  about  that 

(Professor  Bamsay,)  Yes. 

523.  {Colonel  Harding,)  I   think    I    understood    Mr. 
Tatton  to  «iay  that  for  the  present  your  Board  did  no 
r^all  upon  manufacturers  to  do  more  than  withdraw  the 
flolids  from  their  effluents  1 — ^Yes  ;  Mr.  Tatton  said  so. 

524.  In  certain  cases,  as,  for  instance,  the  effluents  from 
tanneries,  you  haye  after  the  withdrawal  of  the  soJids 
an  effluent  which  is  confessedly  very  foul  9— That  ia  so. 

525.  May  I  ask  you  as  a  matter  of  fact  whether  yon 
can  induce  the  manufacturers  to  further  purify  that  liquid 
effluent?— Oh  yes,  we  have  powers  for  that 

526.  I  rather  gathered  that  nothing  further  was  d^umed 
of  them? — ^I  should  rather  like — ^well,  not  to  modify  Mr. 
Tatton's  statement,  but  Mr.  Tatton  did  not  go  quite  far 
enough.  Mr.  TMton  said  that  we  were  contented  witii  uie 
removal  of  the  solida  in  auspenaion.    That  ia  so.    The  first 
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thins  that  is  said  to  the  manufacturer  when  he  appears 
before  us  is,  '*  We  want  the  solids  in  suspension  xemoved," 
and  the  Joint  Committee  hare  contented  themselves 
with  resting  upon  thaiU  But  what  does  it  mean? 
Take  any  manufacturer's  efiEluent.  If  he  removes  the 
solida  in  suspension  he  at  the  same  time  has  to  remove 
jt  portion  of  the  solids  in  solution  which  is  liable 
to  separate  out  on  standing.  Thereforei  when  we 
insist  upon  having  effluents  freed  from  suspended 
solids  we  at  the  same  time  gain  the  removal 
of  objectionable  matter  that  is  in  solution.  And  that  ap- 
plies equally  to  all  the  classes  of  effluent  except  the  cases 
of  fellmongers.  A  calico  printer  has  a  liquid  which  has 
ten  grains  of  solids  in  suspension.  He  is  called  upon  to 
remove  that  simply  ;  subsidence  does  not  remove  it,  he 
has  to  resort  to  precipitation.  He  not  only  removes  the 
ten  grains  of  solids  in  suspension,  but  he  removes  some 
of  the  soluble  matter  which  it  is  necessary  to  remove.  So 
that  in  judging  of  an  effluent  as  a  chemist  I  judge  it  not 
only  by  the  Bonds  in  suspension,  but  by  the  solids  in  solu- 
tion, especially  those  that  are  liable  to  settle  out  on  stand- 
ing. But  for  all  practical  purposes  Mr.  Tatton  was  quite 
right  in  his  reply.  If  a  manufacturer  removes  his  solids 
in  suspension  he  is  bound  to  remove  a  good  deal  of  that 
which,  is  objectionaible  in  solution  at  the  same  time. 

527.  Probably  it  would  be  ultimately  necessary  to  re- 
move other  organic  matters  in  solution? — ^Yes.  I  have 
called  special  attention  to  the  case  of  fellmonsers.  Fell- 
mongers— there  are  not  many  of  them  imdeir  the  jurisdic- 
tion of  the  Mersey  and  Irwell  Committee^  but  they  have 
<m  the  whole  spent  a  ffreat  deal  of  money  m  putting  down 
tanks  for  the  removal  of  the  solid  matter.  They  all  use 
a  precipitant,  and  I  have  given  in  this  paper  the  size  of 
the  tanks,  the  number  of  hours  it  takes  to  ml  these  tanks, 
and  I  have  cdso  given  the  filtration  area.  If  you  compare 
the  filfantioii  area  in  each  case,  it  is  on  the  face  of  it  certain 
that  the  filtration  area  is  inadequate  to  meet  the  recjuire- 
mentfi  that  we  want.  A  f ellmonger's  refuse  is  practically 
concentrated  sewage,  and  the  area  that  each  of  these 
manufaoturers  have  put  into  operation  is  really  too  smAll. 
We  want  to  be  in  a  position  of  pressing  them  to  extend 
this  area  ;  they  will  have  to  have  considerably  laiger  lilter 
areaa  ;  there  are  veiy  few  of  them  cannot  do  it. 

528.  Have  you  any  instances  where  fellmongers*  or 
tanneries'  efBluent  is  dealt  with  on  the  intermittent  filtra- 
tion plan^No.  We  have  now  advised  the  fellmongers 
to  try  filtration  on  the  intermittent  plan.  If  it  is  not 
worked  on  the  intermittent  plan  they  will  never  get  effi- 
cient results. 

529.  But  you  think  that  with  the  system  of  intermit 
tency  they  probably  will  get  improved  results  ? — ^Yes. 

530  And  get  rid  of  much  of  the  organic  matter  in 
solution? — ^Yes,  and  the  fellmongers  have  promised  to 
try  this.  A  fellmonger  works  ten  hours  a  day  ;  during 
that  time  he  passes  the  effluent  through  his  tanks,  and  the 
whole  of  that  must  go  through  filtration.  They  have  only 
adopted  mechatiical  filtration  because  they  have  not  appre- 
ciated what  intermittent  filtration  means. 

531.  To  some  extent  it  may  be  considered  that  the 
action  taken  by  your  Board  is  an  interference  with  trade, 
but  on  the  other  hand  yon  would  agree  with  me  probably 
that  the  purification  of  the  streams  would  be  a  very  great 
facility  to  trade  ? — ^Tes,  that  is  so  ;  I  think  it  is  admitted 
by  manufacturers. 

532.  This  advantage  on  the  one  hand  would  greatly 
compensate  the  disadvantage  on  the  other  7 — ^Yes. 

533.  Beference  has  been  made  by  Lord  Iddesleigh  to 
the  Massachusetts*  eimeriments.  I  think  you  said  you 
had  to  some  extent  confirmed  them  by  experiments  of  your 
own  ?— Yes. 

534.  Laboratory  experiments? — ^No;  experiments  both 
carried  out  on  experimental  works,  and  applied  practically. 

535.  Those  would  be  of  great  interest  to  us.  Are 
there  any  works  at  present  being  carried  out  upon  that 
plan  within  your  district? — ^How  I  came  to  carry  out 
the  experiments  by  biological  filtration  was  acting  under 
Sir  Henry  Boscoe  as  adviser  to  the  Manchester  Corpora- 
tion. 

536.  At  Manchester  some  experiments  are  now  beint^ 
earned  out  on  biological  grounds? — We  oommenoed 
our  experiments  in  Manchester  on  biological  grounds  in 
November,  1895.  We  had  suecr^ted  in  the  early  part  of 
1895  that  it  was  necessary  that  we  should  attempt  to  deal 
with  the  soluble  putrescible  organic  matter  in  the  tank 
effluent  from  the  sewage  works. 

637.  fiave  you  been  doing  that  continuously  since  1895  ? 
— December,  1895.  I  put  down  from  my  own  drawin(r» 
two  filter-beds,  25  square  vards  each  in  area,  to  deal  with 
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the  sewage  on  biological  grounds.    These  filter  beds  were     Mr.  jr. 
under  my  own  personal  observations  and  government  for    Seudder, 
at  least  eighteen  months,  during  which  time  they  worked  ^-^-^^II^'^' 
satiafactonly.    They  were  then  handed  over  to  a  chemist  12  Jniyisoe. 

in  whom  we  have  every  confidence,  appointed  by  the  Cot-     

poration,  and  he  has  continued  to  work  them  with  good 
results  up  to  the  present  moment,  and  they  are  now 
going  on. 

538.  In  that  case  what  is  it  you  are  dealing  with ;  is 
iu  the  effluent  from  chemical  precipitation? — xes.    • 

539.  No  crude  sewage? — By  treatment  with  lime  and 
copperas,  not  crude  sewage. 

540.  How  is  it  being  dealt  with,  what  amount  of  rest 
is  given,  what  are  the  cycles  of  working,  do  you  fill  six 
or  three  times  a  day? — ^Three  times  a  day. 

54L  Are  they  cycles  of  eight  hours — they  must  be? — 
No  ;  we  are  working — ^I  have  got  full  particulars,  I  have 
everything  worked  out,  I  have  got 

542.  Without  taking  up  time  too  much,  the  principle 
is  that  you  allow  an  adequate  time,  and  you  find  that 
through  these  filters  you  get  good  results  ? — ^Yes. 

543.  And  do  you  find  that  the  filters  will  work  con- 
tinuously without  the  material  being  changed? — That 
was  the  object  of  the  experiments,  to  see  what  was  the- 
life  of  the  filter. 

544.  What  is  your  experience  in  regard  to  that  point  i 
— My  opinion  is  that  the  filter  will  go  on  for  an  indefinite 
time.     We  have  had  them  from  2)ovember,  1895^  up  to ' 
the  present  time  working  satisfactorily,  and  nothing  has 
been  done  to  th«  filter. 

545.  You  said  1895  ;  I  suppose  it  is  really  1896  ;  it  was- 
December,  1895,  did  you  not  say  ? — ^Yes. 

546.  Then  really  it  is  1896-97,  two  years  ?— Yes.  They 
are  still  going  to-day — ^the  same  filters  ;  they  have  nevei 
had  the  material  taken  out  of  the  filter,  and  they  are 
purifying  the  same  quantity  of  tank  effluent 

547*  You  say  they  are  purifying  the  same  quantity  of 
sewage  ;  has  that  been  actually  tested  ? — ^Yes  ;  I  have 
tested  it  myself. 

548.  There  has  been  no  accumulation  of  matter  in  the 
filters? — There  has  been  an  accumulation.  During  the 
firjt  year  of  working  I  think  the  capacity  of  thefilters- 
deteriorated  10  per  cent.  ;  after  that  tney  did  not  deterio- 
rate at  alL  But  in  those  two  filters  we  have  never  gone 
beyond  an  area  of  filtration  equivalent  to  800,000  gaflona 
per  acre.  That  applies  of  course  to  Manchester.  The 
Manchester  effluent  treated  in  the  way  in  which  tliey 
treat  it  can  be  satisfactorily  purified  if  the  volume  is  not 
greater  than  800,000  gallons  per  acre.  Of  course,  it  varies- 
in  different  places. 

549.  In  Manchester  sewage  do  you  find  great  variety  of 
trade  effluents? — Yes. 

550.  Are  any  of  them  of  an  antiseptio  character? — Yes. 

551.  A  good  deal  of  iron  liquor? — ^Yes,  and  also  from 
tar  works,  and  so  on,  and  dye  works,  you  know.  Prac- 
tically you  mav  call  it  manufacturing  sewage,  but,  not-^ 
withstanding  tliat  sewage,  there  is  very  little  sewage 
proper  in  A&ichester. 

552.  You  mean  trade  effluents  are  much  more  serious 
in  their  volume? — ^Yes. 

553.  Then  you  alluded  to  Professor  Ronna,  and  told  us 
that  he  had  practically  applied  the  system  somewhere— > 
you  did  not  tell  us  where? — ^No.  He  had  visited  the 
States  where  Uie  experiments  of  Massachusetts  had  been 
practically  applied  to  the  treatment  Of  town  sewage. 

554.  You  do  not  know  any  places  where  they  are  prac- 
tically applied  ? — I  have  not  got  the  papers  with  me. 

666.  You  have  told  us  that  it  was  your  strong- 
opinion  that  artificial  filters  could  not  bring  about  such 
good  results  as  land  filtration  ? — ^That  is  so. 

556.  But  probably  you  would  allow  that  our  experience 
of  filtration  on  biological  lines  has  not  yet  gone  very  far  ? 
— ^That  is  so,  but  at  the  same  time  I  cannot  lose  sight  of 
the  fact  that  if  you  get  a  land  filter  it  is  so  compact  you 
are  bound  to  get  a  good  effluent,  because  you  cannot  get 
the  volume  through.  On  the  other  hand  with  a  biological 
filter  you  can  get  any  volume  thffough,  and  in  that  respect 
we  must  take  core  that  it  is  worked  on  scientific  grounds. 

557.  But  assuming  a  biological  filter  is  worked  on  scien- 
tific  grounds,  and  that  the  amount  of  sewage  put  upon  it 
is  strictly  limited  to  what  it  should  be,  and  that  you  harp 
an  adequate  area  so  as  to  have  not  only  duplicate  but  it 
may  be  triplicate  filtration ;  do  you  say  that  even  then 
it  would  not  be  possible  for  artificial  filtration  to  obtain, 
as  good  results  as  are  obtained  by  land  filtration?— Yes,. 
I  do. 
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Mr.  'F.        558.  Then  you  have  told  us  in  regard  to  your  standard 
Seudder,    that  it  was  in  effect  that  the  effluent  should  not  become 
».c.8^.i.o.  ^^^^^  ^^  standing?— Yes. 

12  July  1898.  559^  How  do  you  test  that ;  do  you  keep  it  in  open 
Teasels  ? — ^No  ;  in  a  closed  vessel  at  a  temperature  of  75 
•degrees  Fahr.,  under  conditions  favourable  to  putrefaction, 
and  it  is  left  for  five  days.  The  way  we  test  them  'has 
never  been  published  in  the  Proceedings  of  the  Mersey 
.and  Irwell  Joint  Committee,  but  what  we  do  is  this: 
we  take  the  three  minutes'  observation,  the  permanganate 
test,  on  receipt  of  the  sample.  Then  the  sample  is  put 
into  a  stoppered  bottle  at  a  temperature  of  75  degrees 
for  five  days  ;  after  that  the  three  minutes'  test  is  applied, 
and  if  the  sample  lias  gone  bad  at  all,  if  there  is  any 
putrescence,  if  the  oxygen  absorbed  has  increased,  you 
are  able  to  give  figures  to  what  has  previously  been  only 
described  as  a  smell,  and  so  on.  Some  chemists  get  so 
accustomed  to  sewage  effluents  that  they  cannot  smell  one 
when  it  is  bad.  1  can  show  you  diagrams  setting  forth  the 
results  obtained. 

560.  Do  you  find  that  effluents  which  are  below  the  limit 
of  one  grain  per  gallon  of  oxygen  absorbed  in  four  homs 
can  be  relied  upon  not  to  turn  putrid  on  standing  9 — ^l^at 
is  so.  I  should  just  like  to  show  that  by  a  diagram  I  have 
here  with  regard  to  the  filter  beds  which  I  have  referred 
to  at  Manchester  during  the  period  from  March  8th  to 
March  14th.  The  average  results  of  the  tanks'  effluent 
going  on  the  filter  on  the  receipt  of  sample  is  shown  by 

-Appendix  ihat  column  there,  pink  (iridicating  on  diagram),  up  to 
there.  Then  the  sample  after  it  has  been  in  the  incubator 
it  had  risen  to  that  point ;  that  shows  the  measure  of  the 
putrescibUity  of  the  tank  effluent.  After  it  has  gone 
through  the  cinder  filter,  instead  of  goin^  bad,  insteiMl  of 
the  oxygen  consumed  going  up  it  has  really  purified  itself, 
and  it  has  come  down  that  much  ;  the  purple  shows  that. 
The  coke  has  also  come  down  from  that  point  to  that^  and 
that  is  the  limit  of  impurity  aHowed. 

561.  (Chairman.)  You  said  you  had  some  details  of 
your  experiments  at  Manchester  that  you  could  hand  in  ; 
would  not  they  be  very  interesting  ? 

661  *.  (Mr.  Killick.)  They  would  be  very  valuable  1^1 
liave  got  the  whole  of  the  details  in  my  reports. 

562.  The  difficulty  is  that  in  many  ol  these  cases  one 
xjrtiinot  sret  these  experiments  carried  out  on  scientific  lines, 

and  if  Mr.  ^cudder  has  done  that,  as  I  am  quite  sure  he 
has  if  he  has  had  anything  to  do  with  it,  those  results 
would  be  very  valuable  to  us  ? — ^I  may  add  this  :  I  have 
'been  talking  over  the  matter  with  Sir  Henry  Boscoe,  and 
wo  thought  it  would  perhaps  be  better  to-day  that  we 
s^hould  confine  ourselves  to  the  work  which  we  have  done 
■for  the  Mereey  and  Irwell  Joint  Committee.  I  may  say 
that  this  woriE  has  been  done  outside  the  Mersey  and  Irwell 
^oint  Committee. 

563.  (Chmrman.)  These  experiments  you  have  men- 
tioned?— These  experiments  I  have  mentioned,  and  Sir 
Henry  Boscoe  thought,  if  you  would  like  it,  that  at  some 
later  period  I  could  come  forward  with  the  results  of  the 
.Manchester  experiments  and  other  experiments  I  have 
made.  I  have  applied  the  knowledge  we  have  gained  at 
Manchester  to  the  treatment  of  sewage  on  a  large  scale. 

(Colonel  Harding,)  I  am  quite  prepared  to  postpone 
^ny  further  questions  dealing  with  the  Manchester  experi- 
ments. 

563*.  Dr.  RiLsseU.)  With  regard  to  artificial  filtration 
and  land  filtration,  you  characterise  artificial  filfcration  as 
Tiiological?— That  is  so,  as  carried  out  at  Manchester. 

564.  Is  not  land  filtration  distinctiy  biological  ?— The 
-same  thing  governs  it,  and  that  is  wfliy  I  want  to  nmintVn 
iihat  land  filtration  is  bound  to  give  i^e  better  effluent. 

565.  The  filter  in  the  one  case  is  made  by  nature,  and 
in  the  other  it  is  made  by  man  ?— From  the  Mersey  and 
Irwell  point  of  view  land  is  preferable  if  you  can  only  get 
the  necessary  area  of  land,  for  this  reason,  that  if  you 
have  your  effluent  you  cannot  push  it  through  the  land, 
but,  on  the  other  hand,  if  you  have  these  artificial  filtere 
where  they  are  made  very  open — the  more  open  the  fflter 
is  the  lees  purification  you  get 

566.  That  seems  to  point  to  the  desirability  of  improving 
tJhe  conditions  of  artificial  filtration  if  possible  ?^That  is 
so,  and  that  is  why  I  think  we  must  not  look  forward  to 
being  able  to  purify  very  large  volumes.  It  is  a  great 
jump— for  instance,  if  you  take  land  filtration,  take  it 
at  60,000  gaflons  to  the  acre,  I  do  not  suppose  there  is  any 
tank  effluent  in  the  kingdom  which  would  pass  more  than 

??'?V^?2J1^"*,*^'^S^  ^**''^^  ^^^  «>il.  The  jump  from 
that  60,000  gallons  to  800,000  gallons  is  tremendoiw.  Of 
course,  these  experiments  have  been  conducted  bv  us  as 
-chemists  on  an  experimental  scaJe.  What  they  would 
Tcally  do  on  a  large  scale  time  nlono  will  show.     But  it 


would  be  better  not  to  allow  over  the  maximum  amount 
that  is  possibie.  I  do  not  think  you  will  find  in  the 
course  of  time  that  a  mililion  gallons  of  any  effluent  caa 
be  treated  on  an  acre  of  artificial  filter.  No  doubt  half 
a  million  goes  exceedingly  well,  and  will  go  for  a  number 
of  years,  but  if  they  were  to  increase  the  volume  to  a 
million  gallons  they  would  not  get  the  same  purification. 

567.  Still  the  practical  result  encourages  one  in  cases 
which  exist,  where  the  area  of  land  for  filtration  is  enor- 
mous as  compared  with  artificial  filtration,  to  endeavour 
to  improve  and  ascertain  the  conditions  under  which  you 
can  get  the  largest  amount  and  the  best  quality  of  work 
out  of  artificial  filtration  ?— That  is  so.  The  Boyal  Com- 
mission of  1868  were  within  an  ace  of  finding  out— they 
did  find  out— the  conditions  for  efficient  filtration,  but  the 
only  point  they  missed  was  the  action  of  the  organisms. 
They  found  out  all  the  conditions ;  they  even  went  to  the 
length  of  finding  the  advisability  of  having  a  lime  present 
to  combine  with  the  nitric  acid  formed.  There  is  a 
special  remark  in  the  report  of  the  Boyal  Commiseionerw 
which  I  think  is  worth  calling  the  attention  of  v..e 
Commissioners  to,  because  it  emphasises  what  I 
impress  upon  this  Committee,  that  the  knd  gives  better 
effluents  than  artificial  filtration.  They  say  tnat  an  acre 
of  soil  three  or  four  feet  deep  must  be  far  superior  for  deal- 
ing  with  the  sewage  of  100  people  to  any  filter  that  can  be 
practically  worked  for  this  purpose.  That  is  an  ideal. 
If  you  could  get  knd  and  put  the  sewage  of  100  people 
over  it  that  would  be  the  ideal  result. 

568.  (Mr.  Cotton.)  I  wish  to  ask  you  whether  artificial 
filtration  with  a  small  amount  of  land  filtration  afterwards 
could  not  be  made  equal  to  the  best  land  filtration— to  the 
result  of  the  best  land  filtration.  You  sav  that  artificial 
filtration  could  never  be  equal  to  land  filtration  ?— That 
is  so. 

569.  But  could  not  artificial  filtration  with  a  moderate 
amount  of  land  filtration  afterwards  be  nearly  equal  at  any 
rate?— Of  course  you  come  to  the  question.  What  do  you 
mean  by  a  "moderate  amount"  of  land  filtration. 

570.  Depending  upon  the  quality  of  the  effluent  from 
the  filtration? — ^It  does  not  depend  so  much  upon  the 
quality  of  the  effluent ;  it  depends  more  upon  the  quan- 
tity,  the  volume  of  effluent.  You  take  the  volume  of  Man- 
chester sewage,  and  take  really  the  excremental  matter, 
the  organic  animal  matter,  it  is  veiy  small  in  comparison 
to  the  total  pollution,  and  when  you  have  got  a  large 
volume  of  polluted  water  to  filter  through  knd,  there 
IS  such  a  great  twidency  for  dissolved  oxygen  to  disappear 
that  you  close  or  render  useless  the  pores  of  the  land. 
Therefore,  I  do  not  at  all  sympathise  with  any  attempt  to 
try  biological  filtration  with  subsequent  land  filtration. 

571.  Afterwards?— ^Afterwards. 

572.  (Professor  Foster.)  You  heard  mv  question  to  Mr. 
Tatton  with  reference  to  the  different  'kinds  of  systems 
adopted  within  the  area  ?— Yes. 

673.  Can  you  in  addition  help  us  to  those  which  you 
thmk  are  the  most  typical  of  the  different  kinds  of 
systems  ?— Yes ;  I  think  so. 

574.  If  so,  we  might  choose  one  or  another?— I  think 
I  would  rather  say  that  with  regard  to  biological  filtration 
I  do  not  think  there  is  very  much  evidence  to  go  upon 
in  our  watershed.  You  have,  for  instance,  the  experi- 
mental filter  beds  at  Manchester,  of  which  I  shall  be  very 
pleased  to  give  you  the  very  latest  results  up  to  date.  You 
can  go  over  them.  I  can  show  where  it  has  been  applied 
to  the  treatment  of  some  1,500  gallons  per  day.  Then, 
too,  I  can  take  you  where  we  have  put  down  filter  beds 
that  are  dealing  with  half  a  million  gallons  a  day — at  the 
Swinton  Sewage  Works,  on  two  cinder  filters,  a  quarter  of 
an  acre  each  in  area,  and  we  are  collecting  the  results.  I 
have  got  with  me  now  the  whole  of  the  results  from  the 
cinder  filter  beds,  which  have  been  in  operation  for  18 
months.  But  this  is  work  independent  of  the  Joint  Com- 
mittee. 

575.  (CoUmel  Harding.)  It  would  suffice  for  the  pre- 
sent if  Mr.  Scudder  would  just  indicate  where  experiments 
of  this  kind  are  being  carried  on  in  the  area  of  the  Mersey 
and  Irwell  Board,  and  then  we  could  make  special  inquiry 
as  to  them?—- At  the  Pendlebury  Sewage  Works  I  hare 
there  not  only  carried  out  artificial  filtration,  but  we  are 
now  putting  down  a  tank  containing  filtering  material 
to  purify  raw  sewage  direct  by  filtration  or  by  contact  wiua 
solid  material,  that  is,  without  the  removal  of  the  sludge. 
Those  are  all  experiments  which  are  in  progress  ;  they  are 
not  in  a  condition  to  report  upon  from  the  Mersey  and 
Irwell  point  of  view. 

676.  Will  you  give  us  a  list  of  them  ? — ^Yes ;  I  will  give 
you  a  list  of  them.  Of  course,  the  place  Mr.  Tattcm  re- 
ferred to,  Oldham,  has  a  very  large  filtering  area  in  opera- 
tion. Perhaps  you  wiSU  allow  me  to  supply  you  with  a  list^ 
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^77.  {Profenor  Foster.)  I  do  not  know  whether  I 
should  ask  you  now  or  when  you  come  on  aoain.  Your 
eBEamination  of  the  effluent  is  chemical  only  ?— Chemical 
only.  If  you  would  allow  me  before  you  pass  from  that 
question  I  should  like  to  refer  to  the  difficulty  we  shall 
hare  in  dealing  with  it  in  the  way  in  which  ^ou  desire  it 
to  be  presented.  There  are  many  works  which  have  car- 
ried out  artificial  filtration  which  are  classified  as  not  in- 
Tolving  biological  conditions,  and  in  many  of  those  works 
Polarite  filters  have  been  put  down  wMch  were  totally 
inadequate  to  deal  with  the  volume  of  sewage  to  be  dealt 
with.  Consequently  these  artificial  filters  have  failed, 
and  the  results  from  those — I  do  not  know  that  they  would 
•eanr  much  value.  For  instance,  the  Corporation  of 
Hyde,  given  a  certain  quantity  of  effluent,  were  able  to 
obtain  a  veiy  good  effluent,  but  when  they  increased  the 
Tolume  they  obtained  a  bad  effluent. 

578.  What  was  their  system? — That  was  the  Polarite 
«ystem ;  they  precipitated  the  sewage  first  in  tanks  and 
then  the  effluent  went  through  Polarite  filters. 

679.  What  we  wanted  to  know  was  where  each  of  these 
particular  systems  or  processes  was  being  carried  on. 
Under  the  phrase  of  "filtration"  there  is  a  variety  of 
methods,  and  if  we  could  have  what  may  be  considered 
typical  instances  of  these  several  methods,  including  what 
you  speak  of  as  the  biological  one,  it  would  be  veiy  useful. 
But  to  return  to  my  questions.  There  is  no  bacterio- 
logical examination  of  the  effluent  ever  made? — ^No. 

580.  I  mean,  it  is  a  matter  of  indifference  whether  the 
effluent  contains  micro-organisms  or  not? — ^Well,  as  re- 
gards the  Mersey  and  Irwell  works,  certainly  that  is  so  ; 
that  has  not  been  taken  into  consideration. 

681.  Never  has  at  all? — Never  has  at  all. 

682.  There  is  no  bacteriological  examination  ? — ^There  is 
no  bacteriological  examination  at  all. 

583.  I  do  not  know  whether  I  should  ask  you  this  now 
or  when  you  come  up  again.  Taking  your  biological 
method,  is  that  result  at  all  modified  by  the  previous  treat- 
ment of  the  sewage  ? — Oh,  yes,  it  is. 

684.  Largely? — ^Largely. 

685.  So  that,  I  mean,  it  might  be  exceptionally  useful 
for  one  kind  of  sewage,  but  would  not  be  nearly  so  useful 
for  sewage  treated  in  a  different  way  ? — That  is  so. 

686.  I  mean,  for  instance,  does  the  entrance  of  certain 
refuse  make  a  difference? — Certainly.  Take  the  sewage 
of  Manchester.  The  sewage  of  Manchester  presents  far 
greater  difficulties  than  the  sewage  of  Exeter.  Each 
sewage  must  be  taken  on  its  own  merits. 

687.  (Professor  Bamsay,)  I  think  it  was  said  that  the 
amount  of  solid  matter  was  the  only  test  at  present  ap- 
plied ?— Yes. 

688.  In  paper  works  would  it  not  be  possible  to  settle 
the  solid  and  to  deliver  the  soluble  into  the  river  without 
your  objecting  ? — Not  with  the  qualification  I  made — ^that 
you  take  the  volatile  solids  in  solution  into  consideration. 
For  instance,  there  is  esparto-liquor ;  if  they  allowed  this 
esparto-liquor  to  escape  they  would  get  a  very  high  yield 
of  soluble  solids  which  would  settle  out  on  standing. 

689.  Then  merely  suspended  matter,  roughly  filtered, 
could  be  run  into  the  river,  could  it  not  ? — Yes,  that  is  so. 

600.  So  that  it  is  a  vei^^  imperfect  test? — ^Yes.  It  is 
only  a  rough  guide  to  the  Committee  in  bringing  out,  first 
all  the  solid  matter  ;  we  should  then  have  to  deal  with  the 
soluble  matter. 

591.  You  are  putting  on  the  squeeze  slowly,  in  point  of 
fact?— Yes. 

692.  And  the  test  which  is  applied  as  regards  the  oxi- 
disability  of  the  organic  matter  is  permanganate  of  potash 
alone,  no  other  plan  such  as  absorption  of  free  oxygen?— 
No ;  we  have  not  adopted  regularly  the  dissolved  oxygen 
test 

693.  Has  it  turned  out  on  the  whole  in  your  experience 
a  fair  test?  Because  under  ordinary  circumstances  no 
sewage  is  treated  with  permanganate  of  potash,  but  does 
absorption  of  oxygen  from  permanganate  and  absorption 
of  free  oxygen  give  the  same  results  in  your  experience  ? — ^I 
find  permanganate  of  potash  to  be  the  most  reliable  test. 
If  you  have  these  effluents  presented  to  you,  and  you  do 
not  know  their  history  at  all,  if  you  do  the  permanganrt  > 
test  by  taking  the  three  minutes  test  together  with  the 
^our  hours  test,  you  are  more  likely  to  arrive  at  the 
correct  conclusion  as  to  their  quality  than  by  any  other 
test. 

594.  What  grounds  have  you  for  saying  that  that  con- 
tlusion  is  correct?    Have  you  made  tests  as  regards  the 
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absorption  of  free  oxygen  to  see  if  that  is  so  ? — ^Yes,  I      Mr.  jr. 
have  done  that.    I  corroborated  it  in  a  great  variety  ( f    Scuddsr, 
ways.     If  you  take  a  sewage  effluent  and  you  wish  to  Imow  '•^-^mT.'-c- 
if  it  is  suitable  to  pass  into  a  river,  you  take  your  three  12  JiOjitos. 

minutes   observation  and   your  four   hours.       Another      

sample  you  put  in  the  incubator  and  keep  it  there  for  five 
days,  and  you  get  a  certain  result.  If  you  continue  and 
apply  further  tests — suppose  you  put  into  that  effluent 
five  grains  of  free  lime,  put  it  in  the  incubator,  take  the 
sample  out  every  day,  and  take  the  rate  at  which  the  free 
lime  disappears,  which  is  a  measure  of  the  carbonic  acid 
produced,  that  gives  you  a  curve  which  is  very  valuable  to 
know.  We  have  measured  the  vitality,  if  you  might  call 
it  so,  the  vitahty  of  the  organic  life  in  the  effluent  by 
chemical  means,  that  is,  by  taking  the  amount  of  carbonic 
acid  produced,  the  amount  of  what  we  call  ''  stink  "  pro- 
duced is  measured  by  the  three  minutes  test,  but  we  have 
not  applied  any  true  biological  investigation  to  the  matter. 
When  I  say  "  we,"  I  mean  for  the  Mersey  and  Irwell  Joint 
Committee,  but  you  are  aware  of  the  experiments  which 
Sir  Henry  Koscoe  has  made  on  the  isolation  of  specific 
organisms  from  sewage  and  their  character,  their  power 
to  absorb  oxygen,  and  that  sort  of  thing. 

696.  How  can  you  know  surely  that  an  organism  de- 
veloped in  the  liquor  would  become  more  oxidisable  than 
the  original  substance  ? — I  do  not  follow  that 

696.  I  presume  you  to  say  that  the  amount  of  perman- 
ganate taken  after  standing  is  greater  in  the  case  of 
a  bad  sewage  than  it  would  be  if  the  sewage  were  not  a 
very  noxious  one  ? — Yes. 

697.  I  cannot  see  what  gioimds  you  have  to  go  upon  in 
supposing  that  the  substance  you  produce  by  the  degrada- 
tion of  the  original  organic  matter  in  the  sewage  is 
more  oxidisable  than  it  was  originally  ?— It  is  only 
the  value  of  saying  that  you  must  distinguisii 
organic  matter  liable  to  putr&y  from  organic  malt.r 
not  liable  to  putrify.  It  is  not  so  much  the 
quantity ;  we  do  not  want  to  know  the  quantity,  but  the 
quality,  and  I  do  not  know  of  any  biological  process  by 
which  you  can  gain  the  number  of  organisms  which  pro* 
duce  a  stink  and  those  which  do  not  produce  a  stink,  but 
I  do  know  how  to  measure  the  vitalitv  by  chemical  means 
of  those  which  do  produce  a  stink  under  conditions  favour- 
able to  putrefaction.  As  Angus  Smith  established  the  fact 
that  the  vitality  of  the  soil  depended  upon  the  amount  of 
sugar  conaumea  and  the  hydrogen  gas  evolved  became  th3 
measure  of  that  vitality,  in  the  same  way  I  measure  the 
amount  of  stLok  produced  by  the  permanganate  consumed. 

.  598.  It  may  be  all  right,  but  I  do  not  see  the  argument 

(Professor  Foster.)  Is  it  this,  that  when  the  fluid  first 
comes  out  something  in  it  has  exhausted  a  certain  quantity 
of  the  matter  which  gives  you  your  action  on  the  perman- 
ganate, has  brought  it  into  such  a  condition  that  it  doei 
not  take  up  oxygen  from  the  permanganate  ? — That  is  so. 

699.  But  on  the  presumption — ^which  you  do  not  know, 
because  apparently  you  do  not  examine — ^but  on  the  pre- 
sumption that  there  are  micro-organisms  in  that  material 
those  micro-organisms  produce  upon  that  material  such  a 
change  that  part  of  it  is  converted  into  material  which  is 
rapidly  oxidised  ? — ^That  is  so. 

600.  That  is  your  hypothesis  ? — ^Yes. 

601.  But  I  suppose  you  acknowledge  it  is  an  hypotheab  ? 
—I  simply  go  upon  the  work  I  did  with  Angus  Smith.  If 
you  take  a  sample  of  sand  and  invert  it  in  a  tube  over 
mercury  with  ^pe  sugar  you  find  no  hydrogen  evolved  ; 
if  you  take  soil  you  do ;  if  you  take  manure  you  find  a 
very  large  volume  evolved.  Angus  Smith  said  he  mea- 
sured the  vitality  or  activity  of  the  organisms  by  chemical 
means  in  this  way,  and  I  do  not  know  of  any  biological 
process.  If  we  had  a  biological  process  where  oy  we  could 
say  that  so  many  organisms  were  liable  to  produce  a 
secondary  decomposition  in  the  sample  that  would  be  of 
very  great  value  to  us  if  that  could  be  ascertained  within  a 
certain  number  of  hours. 

602.  (Professor  Bamsay.)  But  since  you  never  examine 
whether  there  are  any  micro-organisms  at  all  how  do  you 
know  that  the  matter  has  an3rthing  to  do  with  micro^ 
organisms? — I  only  know  that  the  changes  must  get 
brouglit  about  by  these  micro-organisms. 

602*.  That  is  the  assumption,  but  how  do  you  know 
as  a  real  matter  of  fact,  since  you  do  not  examine  for  the 
presence  of  micro-organisms,  that  there  are  micro- 
organisms in  these  effluents  to  carry  out  the  changes  which 
you  assume  they  do  carry  out? — ^We  know  that  if  you 
sterilize  the  effluent  it  will  not  produce  any  odour,  there- 
fore, we  know  It  is  organic  life. 

603.  (Major-General  Carey.)  Have  experimenta  been 
F 
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Mr.  F.      made  to  try  whether  by  usiag  antiseptics  the  amount  of 
ycT^F^'i    Permanganate  required  is  lessened? — That  is  so,  and  we 
'  '  J_!    '    have  had  to  guard  against  the   incubator   test    for  this 
i«  July  1808.  reason,  that  there  is  a  tendency  to  render  the  effluent 
slightly  acid,  and  if  you  have  any  foreign  substance  such 
as  the  present  it  will  throw  away  the  value  of  your  incu- 
bator test.     For  instance,  if  it  is  on  the  acid  side  you 
destroy  all  your  organisms  and  you  get  no  change.     If  you 
have  carbolic  acid  or  chloroform  present  in  the  same  the 
effluent  is  sterile.     So  that  I  say  we  know  that  it  is  life 
that  produces  all  these  reactions. 

604.  {Professor  Bamsay,)  Quite  so? — That  is  why  we 
do  not  rely  upon  the  incubator  test  as  the  sole  test,  nor  the 
permanganate  test ;  we  like  to  have  as  many  tests  as 
possible. 

606.  Albuminoid  ammonia  as  well  ?7-ye8.  If  you  take  a 
sample,  analyse  it,  apply  the  albuminoid  ammonia  test, 
you  get  a  certain  amount,  0'25  grain  yielded ;  you  put  it 
in  the  incubator,  and  at  the  end  of  five  days  it  is  0*15. 
What  is  the  result  ? 

606.  What  has  become  of  the  nitrogenous  matter  ? — ^In 
the  majority  of  cases  it  precipitates  out  as  insoluble  matter  ; 
all  these  elements  decompose  with  a  sedimentation.  That 
sedimentation  contains  the  organic  matter.  You  see  that 
fully  illustrated  in  the  Ship  Canal  at  Manchester,  \yhere 
the  putrefaction  takes  place  the  albuminoid  matter  is  de- 
composed. Everyone  says  that  that  water  is  bad  ;  it 
stinks,  they  fly  from  it,  and  yet  if  you  relied  upon  your 
albuminoid  ammonia  test  you  would  have  to  classify  it  as  a 
Kood  effluent  Therefore  you  must  have  all  these  strings 
to  your  bow  in  estimating  the  value  of  an  effluent,  but 
generally  speaking  if  the  effluent  has  been  treated  on 
biological  lines  the  incubator  test  is  the  most  valuable 
test  you  have.  That  is  based  upon  some  10,000  experi- 
ments which  we  have  made  within  the  last  two  or  three 
years. 

607.  You  take  that  test  as  the  test  of  the  purification 
of  sewage? — ^Yes. 

608.  From  a  biological  point  of  view ;  when  I  visited 
Dr.  Angus  Smith  he  was  then  beginning  to  utilise  gehtine 
for  the  cultivation  of  micro-organisms  ? — ^Yes,  and  I  have 
tried,  and  within  the  last  year,  to  utilise  the  biological 
process,  and  I  must  admit  that  I  did  not  get  the  value  from 
it  that  I  got  from  what  Dr.  Angus  Smith  termed 
"measuring  the  vitality  of  living  forms  by  chemical 
means."  I  have  his  two  reports  to  the  Local  Govern- 
ment Board  dealing  with  that  question,  and  in  my  opinion 
it  is  of  far  greater,  certainly  of  more,  practical  value  to 
measure  them  by  chemical  means  than  by  biological,  be- 
cause, if  you  take  those  effluents  and  estimate  the  number 
of  organisms,  it  is  of  very  little  use  to  you,  except  to  dis- 
cover a  sotirce  of  pollution  in  the  river.  For  instance,  if 
you  take  the  number  of  organisms  in  the  River  Dee,  as  Dr. 
Frankland  did,  you  can  get  at  the  sources  of  pollution,  but 
in  the  same  way  by  the  oxygen  consumed  you  get  an 
identical  result. 

609.  Another  question.  It  has  been  said,  I  think,  by 
Mr.  Tatton  and  by  yourself,  that  a  clay  soil  is  not  a  very 
efficient  purifier.  I  presume  you  would  modify  that  st^te- 
ment,  inasmuch  as  it  is  not  always  necessary  for  the 
effluent  to  sink  through  the  soil ;  if  it  ran  over  a  su^- 
cient  amount  of  soil  it  would  be  purified  ? — That  is  so.  In 
tho  Commission's  Report  of  1868,  Warwick  is  referred  to. 
There  they  had  great  trouble  when  they  first  started  at 
Warwick  with  land  filtration.  The  land  opened ;  it 
opened  to  the  ixtent  of  three  feet  deep,  where  the  water 
all  ran  direct  into  the  drains,  and  then  they  found  it  was 
better  to  run  it  over  the  surface,  and  what  did  sink  was 
brought  up  for  a  second  filtration.  That  has  also  been  carried 
out  at  L«icest«^r,  where  they  now  claim  to  have  got  very 
efficient  results  from  clay.  But  when  you  come  to  clav — 
clay  land  ought  to  be  entirely  avoided,  because  on  clay 
land  the  volume  of  effluent  which  you  can  deal  with  is 
so  small  that  it  has  practically  no  value  as  a  filtering: 
medium.  When  yon  come  to  consider  the  works  pointed 
out  in  the  report  of  1868,  and  you  look  at  the  volume  of 
effluent  which  passed  over  the  land,  you  will  find  it  verv 
little.  At  Edinburgh,  where  sewage  irrigation  is  followed, 
it  is  not  worked  for  the  purposes  of  purification,  but  for 
the  purposes  of  utilisation.  There  they  only  filtered  twn 
gallons  per  square  yard  per  day.  Perth,  that  is  only  4  of 
a  gallon  per  square  yard  per  day.  And  Warwick  was  H 
gallons  with  clay  land,  and  was  a  failure.  Take  good  soil ; 
for  instance,  at  Croydon  they  are  able  to  filter  four  gallons 
per  square  yard,  while  clay  soil  was  only  "8.  If  you  are 
going  to  take  large  towns,  and  it  is  those  we  want  to  deal 
with,  the  area  of  land  required  is  outrageous ;  it  is  not 
practicable  to  apply  the  sewage  of  a  large  town  to  irrigation 
over  land. 


610.  (Major-General  Carey.)  I  ftvpipose  it  may  be  eom- 
bined  with  precipitation,  may  it  not?— -Quite  so.  Take,  for 
instance,  the  population  of  Manchester.  They  have 
already  adopted  precipitation  ;  they  have  tank  accommo- 
dation for  the  whole  of  the  sewage  ;  they  precipitate  the 
whole  of  it,  they  get  an  effluent  which  is  not  fit  to  Be 
discharged  into  any  river  ;  they  must  carry  out  some 
form  of  filtration.  If  it  is  land  filtration,  from  the  experi- 
ments we  have  made  at  Manchester,  they  cannot  mker 
more  than  60,000  gallons  ;  it  would  not  be  advisable  to 
attempt  more  than  60,000  per  acre,  and  consequently 
they  would  want  nearly  1,000  acres  of  land.  On  the 
other  hand,  if  they  have  artificial  filtration  on  biological, 
lines,  worked  on  the  intermittent  system,  they  can  do- 
then  with  a  very  small  area.  The  effluent  from  that 
artificial  filtration  area  would  be  to  all  intents  and  pur- 
poses satisfactory  to  be  discharged  into  the  Ship  Ctuial. 

611.  That  is  a  matter  of  experiment,  of  course,  up  to 
the  present  ? — ^Yes,  based  upon  the  two  filter  beds  of  2S 
square  yards  each.  Thd  effluent  resulting  from  this  would, 
I  think,  satisfy  the  requirements  of  the  Mersey  and 
Irwell  Joint  Committee.  On  the  other  hand,  where  an 
effluent  is  to  be  discharged  into  any  river  which  is  at  all 
likely  to,  or  does  form  the  water  supply  of  a  town,  I 
think  it  is  imperative  that  nothing  but  land  filtration 
should  be  resorted  to. 

612.  Taking  the  samples  for  analysis,  do  yon  allow  the 
first  rush  of  the  filter  to  flow  off,  or  do  you  take  the- 
first  flow  of  the  filter? — ^In  the  Manchester  experiments- 
we  took  it  over  the  whole  period. 

613.  From  the  very  first? — ^From  the  very  first  to  the 
very  end,  and  we  have  also  worked  that  problem  out  to 
see  whether  the  first  portion  differed  from  the  middle- 
portion,  and  whether  the  middle  portion  differed  from 
the  last  portion,  and  we  find  that  if  the  filter  beds  are 
not  constructed  properly — for  instance,  many  filter  beds 
are  constructed  whereby  there  is  a  volume  of  dead  water 
left  which  is  not  puri&ed.  That  is  bad.  But  if  they^ 
aro  properly  constructed — ^you  will  find  the  filter  Bed» 
at  Manchester  are  satisfactory  from  the  commencement^ 
and  that  is  owing  to  the  construction  of  the  filter  beds. 
The  filters  at  Manchester  are  somewhat  different  from 
those  advocated  by  Mr.  Dibdin.  The  filters  at  Manchester 
are  graded  filters,  and,  I  think,  in  any  form  of  biological 
filter  gradation  is  required,  so  that  by  haying  the  fine- 
material  at  the  top  you  are  able  to  spread  the  effluent 
water  over  the  area  better,  and  get  downward  filtration. 
If  you  take  a  biological  filter  and  fill  it  from  the  bottom 
you  do  not  get  efficient  filtration.  It  is  not  a  question  of 
these  animals,  as  it  has  been  popularly  explained,  perch- 
ing on  this  material  and  devouring  it ;  it  is  a  question  of 
percolation.  You  must  have  slow  percolation  through  the 
filtering  material,  and  you  must  have  the  material  at  the 
top  of  the  filter  so  fine  that  it  will  evenly  distribute  the 
effluent.  If  not,  you  get  into  difficulties  the  same  as  with 
clay  soil,  and,  therefore,  in  recommending  artificial  filtra- 
tion I  only  recommend  it  on  the  understanding  that  the 
filter  beds  are  properly  constructed. 

614.  And  that  only  a  certain  proportion  of  sewage  goes 
on  to  them  ?— And  only  a  limited  amount  of  sewage  goes 
on  to  them,  which  must  be  fixed  by  the  quality  of  each 
sewage  that  you  take  ;  it  must  not  be  regulated  by 
population. 

615.  800,000  gallons,  is  not  that  rather  more  than 
Dibdin's  filters  ?—Dibdin*8  was  1,000,000  gallons,  or 
200  gallons  to  the  square  yard  per  day.  Of  course  when 
you  come  to  study  this  question  you  will  have  to  go  yery 
carefully  into  what  each  works  has  got.  At  Sutton  they 
have  reduced  it  to  170.  If  you  take  the  experience  of  the 
Barking  filter  for  three  years  it  comes  to  00  gallons  a  square 
yard,  taking  in  the  periods  of  rest 

616.  (Chairman.)  Should  you  mind  letting  us  have  a 
list  of  the  places  in  which  your  experimente  are  being- 
carried  on? — I  will,  with  pleasure. 

617.  And  with  a  very  brief  description  of  the  process  ? 
— Yes,  and  with  the  results.  Would  you  allow  me  tc» 
extend  that  also  to  manufacturers*  works.  Do  you  think 
that  that  is  essential  that  you  should  have  samples  of 
manufacturers  who  have  carried  out  works  ? 

618.  We  shall  be  very  glad  to  have  anything  you  can 
send  us  ? — ^I  can  give  an  instance  of  a  manufacturer  who 
has  spent  £1,200,  and  compare  the  efficiency  of  his  prf>- 
cess  with  one  who  has  spent  £9,000.  But,  as  I  explained, 
we  rather  wanted  that  loft  over  for  a  little  while,  ancT 
to  confine  our  evidence  to-day  to  the  Mereey  and  IrwelT 
Board. 

619.  (Mayor-Gerxcral  Carey.)  What  rules  and  regula- 
tions have  been  issued  by  the  Mersey  and  Irwell  Boarrf 
about  pollution? — I  think  there  is  some  regulation  witTi 
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DQgMd  to  Manchester*  I  think  Mr.  Tatton  had  better 
anrvrer  that  question.  (Mr.  Tatton,)  The  only  regula- 
tiona  are  in  regard  to  the  Manchester  Ship  Canal ;  they 
made  arrangements  to  that  the  sewage  should  be  diluted. 

620.  I  was  under  the  impression  that  the  Joint  Com- 
mittee h<id  laid  down  some  definite  proportion  of  dilution 
cC  sewage  with  stream  water  before  it  came  into  opera- 
tion?—They  have  not  definitely.  No,  we  tried  to  get 
■seven  or  eight  to  one,  because  it  was  fixed  I/y  the  Ship 
Oanal. 

621.  There  is  no  rule  or  regulation? — ^There  is  none 
that 


622.  {Colonel  Harding.)  Upon  these  analyses,  the  re-     Mr.  f. 

suits  of  which  are  tabulated  before  us — ^the  analyses  of  the  ^^^^'q 
filtered  effluents.     Do  you  take  the  effluent  after  it  has   '  '  2-1 
stood  a  little  time  ?— You  cannot  analyse  it  immediately  ;  12  Julyiaa^. 
after  you  take  it  it  deposits  a  certain  amount  of  solid 
matter.    Are  the  analyses  the  analyses  of  the  filtered 
effluent? — (Mr.  Scvdder,)  Oh  no;   they  are  all  shaken 
up — ^all  in. 

623.  {Chairman.)  In  what  state  are  they? — ^They  are    . 
analysed  in  the  state  in  which  they  are  received. 
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Sir  Richard  Thorne  Tuorne,  k.c.b.,  f.r.s. 
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Professor  William  Ramsay,  f.r.s. 
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Dr.  Jambs  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 


Mr.  F.  J.  Willis,  Secretary, 


Mr.  Frank  Scxtddbb,  F.G.S.,  F.LC,  recalled;  and  further  Examined. 


624.  (Sir  Richard  Thome.)  Mr.  Scudder,  yesterday  you 
Qsed  two  terms,  namely,  "good  effluent"  and  "fair 
affluent."  May  I  assume  that  the  good  effluent  is  where 
the  oxygen  absorbed  does  not  exceed  0*6  of  a  grain  of 
per  gallon?— The  good  effluent. 

625.  The  good  effluent? — ^The  good  effluent  is  where 
the  oxygen  absorbed  does  not  exceed  0'6  of  a  grain  of 
oxygen  absorbed,  but  one  grain  includes  good  and  fair. 

626.  Pardon  me,  we  will  stick  to  the  good,  if  you  please, 
first?— Yes. 

627.  Then  the  limit  of  what  Mr.  Tatton  described  as 
good  which  was  a  limit  of  impurity  estimated  by  one  grain 
per  gallon  of  oxygen  being  absorbed  in  four  hours  is  not 
j^our  good  effluent  ? — No ;  it  includes  the  fair  effluent. 

628.  I  want  the  definition  of  the  two,  the  chemical  defi- 
nition of  the  two  words  "good"  and  "fair*'  effluent?— 
Te0,  I  will  call  ''a  good  effluent"  an  effluent  that  does 
not  absorb  more  than  0*6  of  a  grain  of  oxygen  per  gallon 
in  a  four  hours'  test,  "  a  fair  effluent "  one  that  does  not 
consume  more  than  one  grain  of  oxygen  per  gallon. 

629.  Then  as  long  as  it  is  clear  it  is  evident  that  you  use 
a  different  standard  to  that  which  he  uses  as  regards  what 
is  a  satisfactory  effluent,  he  having  only  the  one  standard  ? 
— ^Yes ;  having  only  the  one  standard  he  only  works 
vpon  that  one. 

630.  Now,  may  I  ask  you  with  regard  to  some  of  those 
tables  which  you  have  put  in.  Here  is  "Bleachworks 
Table  B,"  in  your  Return.  You  there  appear  to 
contrast  the  solids  in  suspension  and  in  solution  of  a 
crude  effluent  before  trea&ent,  and  a  purified  effluent 
after  treatment,  do  you  not? — ^Yes,  sir. 

631.  Well,  now,  in  the  table  relating  to  bleachworks 
you  give  twenty-three  different  effluents? — Yea. 

632.  But,  as  a  matter  of  fact,  you  can  only  compare 
four.  What  is  the  value  of  the  remaining  nineteen  to  us  ? 
— ^That  is  so.  I  only  give  in  this  table  four  examples  of 
the  effluent  which  was  derived  from  the  crude  effluent 
treated,  but  the  value  was  to  be  taken  on  the  whole  to 
«how  that,  generally  speaking,  the  effluents  may  be  ob- 
tained practically  free  from  suspended  solids. 

633.  It  is  nineteen  out  of  twenty-three? — In  the  ten 
cases  of  purified  effluents.  I  had  not  in  these  ten  cases 
the  original  material  to  compare. 

634.  Then  they  really  are  useless  for  the  purposes  of 
comparison? — Oh,  for  the  purposes  of  comparison  they 
«re,  but  they  are  useful  this  way,  as  showing  what  per- 
centage of  solid  matter  is  removed. 

635.  (Mr.  KiUiek,)  The  pesumption  is,  I  suppose, 
ihait  those  which  you  did  not  investigate  were  more  or  lees 
similar  to  those  which  you  did  investigate  1— That  is  so. 


636.  (Sir  "Richard  Thorne.)  I  see.   Then  as  regards  the 
two  tables  further  on,  headed  D,  the  defect,  if  I  may  so 
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call  it  for  the  moment,  is  even  more  striking  because  you 
have  three  cases  in  which  you  compare  the  effluent  before 
treatment  and  after  treatment? — ^That  is  so. 

637.  Would  the  explanation  be  the  same? — ^The  ex- 
planation is  the  same  there. 

638.  But  as  regards  the  solids  in  solution,  I  notice 
that  after  treatment  some  of  these  exceed  the  amounts 
contained  in  the  crude  effluent  ? — Solids  in  solution. 

639.  Yes ;  take,  for  example,  the  item  14 ;  you  have 
123*5  grains  per  gallon  solids  in  solution  ? — ^Yes. 

640.  That  is  after  treatment,  is  it  not?— That  is  after 
treatment,  yes. 

641.  Well,  in  some  of  the  others  before  treatment  at 
all  you  have  only  00  and  46  and  84  and  86  grains  ?— Yes, 
that  is  so. 

642.  So  what  is  the  real  value  of  this  tabulation  ? — ^You 
cannot  compare  the  two  ways :  that  is  my  real  point  ? — 
Well,  the  real  value  is  only  to  show  that  as  regards  the 
solids  in  suspension  they  are  considerably  reducMl. 

643.  Oh !  the  solids  in  suspension  ? — ^Now,  if  you  take 
the  solids  in  suspension  in  the  list  7  the  highest  result  is 
13*5,  while  the  lowest  result  of  the  crude  is  13*8. 

644.  You  Hmit  your  comparison  to  solids  in  suspension  ? 
— ^Yes  ;  in  these  four  tables  we  have  got  out,  they  show  the 
varying  quality  of  the  effluent  derived  from  these  various 
manufacturers.  For  instance,  the  crude  effluent  contains 
only  13*8  grains  in  suspension ;  on  another  occasion  they 
go  as  high  as  145. 

645.  Yesterday  I  understood  you  to  say  that  the  sewage 
of  Manchester  presented  much  greater  difficulties  than 
that  of  Exeter  as  regards  treatment  under  the  so-called 
septic  system  ? — ^Yes ;  that  is  so. 

646.  Would  you  kindly  tell  me  why  that  is  so?— Well, 
the  sewage  which  is  treated  at  Exeter  is  purely  domestic, 
is  free  from  any  manufacturing  refuse ;  on  the  other  hand, 
the  Manchester  sewage  contains  a  variety  of  trade  effluents, 
chemicals,  etc.,  so  that  when  this  sewage  is  submitted  to  a 
septic  tank  treatment  putrefactive  decomposition  takes 
place  with  the  evolution  of  sulphuretted  hydrogen  and 
other  offensive  gases,  whereas  the  sewage  which  is  treated 
at  Exeter  decomposes  without  the  evolution  of  sulphu- 
retted hydrogen  or  other  offensive  gases,  but  hydrogen  and 
marsh  gas  are  given  off.  Manchester  sewage  decomposes 
with  the  evolution  of  a  smell.  Exeter  sewage  decomposes 
without  the  evolution  of  a  smell.  These  are  the  distin- 
guishing features. 

647.  I  anticipated  a  good  deal  of  your  answer,  but  what 
I  now  want  to  ask  vou  is  this,  does  that  mean  that  when 
you  have  trade  and  chemical  refuse  added  to  the  sewage 
you  will  probably  get  the  micro-organisms  on  which  ihm 
septic  process  depends  destroyed  ? — ^I  think  so,  sir. 

F  2 
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Seudder, 

f  .O.S.,  T.I.C 

13  July  1886. 
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Mr.  F.         648.  And  80  these  organisms  will  be  unable  to  carry  out 
Seudder,    the  work  which  is  claimed  in  the  septic  system  ? — ^Yes ;  I 

II  July  1808.  549  Thank  you.  I  did  not  quite  understand  yesterday 
what  your  relation  to  the  Mersey  and  Irwell  Joint  Com- 
mittee is,  because  at  one  time  you  offered  personally  to 
hand  over  to  us  some  Manchester  works ;  at  another  time 
you  used  the  word  "  we  "  as  regards  works  that  were  beins 
carried  out^  and  then  again,  as  I  understand,  you  claimed 
to  represent  the  Mersey  and  Irwell  Joint  Committee?^ 
Tes. 

650.  What  is  your  precise  relation  to  the  Committee? 
— Sir  Heniy  Boscoe  is  the  scientific  adviser  to  the  Com- 
mittee ;  he  is  not  an  official  of  the  Committee,  but  Con- 
sulting Chemist,  and  I  am  Sir  Henry  Boscoe's  assistant, 
acting  under  him,  and  Sir  Henry  Boscoe,  in  his  capacity 
as  a  chemist,  advises  sanitary  authorities  and  manufac- 
turers. 

651.  Then  you  are  not  an  official  who  gives  your  whole 
time  to  the  Committee  ? — Oh  no. 

652.  Have  you  any  relations  with  Manchester  now?^ 
Not  at  the  present  moment. 

653.  (Chairmcm.)  Taking  up  what  Sir  Bichard  Thome 
was  saying  about  the  difference  between  Manchester  and 
Exeter,  were  you,  or  any  people  connected  with  you, 
present  at  the  inquiry  at  Exeter  last  autumn? — ^I  was 
not,  my  lord,  but  I  have  been  at  Exeter  and  investigated 
the  process  the^e. 

654.  Tou  have? — ^Yes. 

655.  When  you  say  that  a  process  which  might  succeed 
at  Exeter  with  any  domestic  sewage  might  not  succeed  at 
Manchester,  where  the  circumstances  are  different,  are 
you  speaking  from  actual  experience  or  expressing  an 
opinion  ? — ^I  only  know  that  from  laboratory  experiments ; 
I  do  not  know  that  from  practical  working. 

656.  But  vou  think  from  your  laboratory  experiments 
that  the  probability  is  that  it  would  fail  ? — ^I  think  so  be- 
cause I  have  tried  in  the  laboratory  to  get  Manchester 
sewage  to  evolve  these  gaseous  products  of  hydrogen 
and  marsh  gas,  and  have  failed  to  do  so.  On  the  other 
hand,  if  you  take  purely  domestic  sewage,  pure  excre- 
mental  matter,  you  can  get  hydrogen  and  marsh  gas 
evolved  without  the  production  of  sulphuretted  hydrogen. 

657.  Then  I  wanted  to  ask  you  one  more  question, 
which  is,  perhaps,  a  fad  of  m^  own.  I  have  always  got 
the  greatest  detestation  of  seeing  milk  cows  feeding  in  a 
marsh  or  anywhere  which  is  part  of  a  sewage  farm,  but  I 
presume  milk  cows  do  feed  everywhere  all  over  a  sewage 
farm? — ^I  think  so.  Take  Birmingham,  for  instance, 
they  have  had  to  have  cows  there  to  eat  up  the  grass. 

658.  And  you  have  never  heard  of  any  harm  coming, 
or  any  mischief  coming  from  that? — Oh,  no  ;  not  at  all. 

669.  WeU,  now,  a  friend  of  mine  told  me  the  other  day 
that  a  case  of  gastritis  appeared  among  a  herd  of 
cattle.  This  was  in  Buddnghamshire,  I  tliink,  and  that 
it  was  supposed  to  have  come  from  the  cattle  having  drunk 
from  a  pond  which  was  polluted  by  sewage.  Now,  you 
would  have  no  experience  of  any  parallel  case  to  that  or 
anything  like  it  ? — No ;  I  have  often  been  involved  in 
cases  where  they  have  said  cattle  having  drunk  out  of 
river  water  have  suffered  from  poisoning  from  manufac- 
turing waste,  waste  from  a  calico  print  works.  I  have 
known  a  case  where  a  farmer  came  into  Court  and  declared 
that  his  cattle  had  suffered  from  drinking  the  river  water. 
On  Uie  other  hand,  I  think  if  you  ask  people  who 
keep  cattle  and  who  study  animal  life,  you  will  find  that 
cows  are  very  careful ;  they  will  not  drink  anything  that 
is  disagreeable  to  them ;  and  I  do  not  think  that  man 
proved  his  case. 

660.  That  is  trusting  a  great  deal  to  the  sense  of  the 
cow?— In  the  same  way  you  go  into  farmyard,  a  poorly- 
kept  farmyard,  what  do  you  find?  The  pond  in  the  yard 
where  the  cattle  go  to  drink  just  foetid  witih  sewage  pol- 
luted matter. 

661.  (Sir  Bichard  Thorne,)  Quite  so ;  is  it  not  that 
which  gives  forco  to  hia  Lordship's  question  ?  They  drink 
the  filthiest  stufi'  whether  from  the  point  of  view  of  taste, 
smell,  or  sight? — ^Exactly.  That  would  be  my  reply  to 
that«  for  you  find  cattle  in  country  places  in  these  dirty 
ponds  going  and  enjoying  that  water,  drinking  it,  and 
suffering  no  hardship. 

662.  (Chairman.)  But  then  that  shows  that  the  c&ttle 
have  not  got  the  sense  to  avoid  the  unwholesome  stuff  ? — 
But  i^ey  do  avoid  it;  if  there  is  any  manufactfnirlng 
refuse  in  the  stream  they  do  object  to  it.  If  you  put 
extract  of  logwood  down  a  stream  a  cow  comes  and  looks 
at  it,  but  does  not  drink. 


663.  But  you  do  not  know  any  case  where  it  is  proved 
that  cattle  have  suffered  from  such  a  matter  ? — No. 

664.  Then  do  you  believe  that  the  land  goes  on  for  •ver 
filtering  sewage  as  effidentty  as  it  does  at  the  beginning  t 
— If  the  land  has  been  properly  attended  to,  properly 
worked,  legitimately  worked,  it  will  go  on  indefinitely 
purifying  it ;  and  in  proof  of  that  I  refer  you  to  Croydon 
where,  in  1876,  I  went  with  the  late  Dr.  Angus  Smith, 
and  analysed  the  effluent.  If  you  go  to  that  very  sam^ 
area  of  land  and  analyse  it,  it  is  equally  good,  therefore 
there  is  an  instance  of  laud  being  in  use  thirty  years, 
working  efficiently. 

665.  And  you  do  not  think  the  land  deteriorates  in  anv 
way?--No. 

666.  Does  not  get  foul? — ^No. 

667.  (Mr.  Killick.)  Might  I  ask  what  you  mean  by 
properly  worked  ?— Well,  principally  by  intermittency. 
If  you  take  a  piece  of  land  and  keep  it  continually  under 
sewage,  then  it  will  become  foul  and  bad,  it  will  tak& 
a  Ion;?  long^  time  to  recover  itsdf,  but  if  you  work  it 
inttriLittently,  then  I  say  it  is  everlasting. 

668.  That  is  the  essential  thing?— That  is  the  essential 
thing,  intermittency. 

669.  By  working  you  do  not  mean  any  preparation  ? — 
It  must  not  be  inundated. 

670.  You  do  not  mean  any  artificial  treatment  of  th& 
land,  you  simply  mean  tlie  intermittency  of  the  use? — 
Yes. 

671.  (Professor  Bamsay.)  Might  I  ask  if  you  refer  to. 
pure  sewage  or  manufacturing  refuse? — I  refer  to  tho: 
sewage  of  a  town. 

672.  Of  such  a  town  as  Manchester  for  instance,  wiin  a 
great  many  trade  effluents  in  it  ? — ^That  would  do  equally 
well  if  they  only  put  the  volume  it  was  capable  of  deal- 
ing with,  if  they  ascertained  that  one  acre  of  land  could 
deal  efficiently  with  60,000  gallons,  and  that  was  based 
on  twelve  months'  experience,  then,  I  say,  at  the  end  of 
thirteen  years  it  would  still  go  on  dealing  with  60,000 
gallons,  but  if  they  commence  one  acre  of  land  with,  say^ 
200,000  gallons,  it  will  purify  for  a  few  months,  and 
then  stop. 

673.  But  the  point  of  my  question  was,  do  you  regard 
this  as  referring  to  trade  effluents  equally  well  with  sewage  ? 
— Quite  so.  I  think  if  you  uaKo  the  report  of  the  BoyaL 
Commission  of  1868,  they  established  tne  fact  that  puro 
manufacturing  waste,  free  from  sewage  matter,  was  most. 
efficiently  treated  on  land. 

674.  {Chairman.)  Just  one  more  question  a/bout  the  clay 
land.  Mr.  Tatton  told  us  yesterday  that  he  was  speaking 
chiefly  about  grass  land.  Well,  of  course,  the  surface^ 
of  grass  land  is  not  broken  up,  it  remains  undisturbed 
from  year  to  year,  but  do  you  consider  blay  land  equally 
unsuitable  for  filtration  purposes  when  it  is  arable,  and 
when  it  is  ploughed  up  every  year? — ^Yes.  I  consider 
clay  land  is  unsuitable  imder  any  conditions  for  this, 
reason  that  you  cannot  get  what  I  call  a  legitimate  volume 
of  effluent  through  it ;  you  cannot  filter  a  sufficiently  large 
volume  to  make  it  of  practical  use. 

675.  (Major-General  Carey.)  Does  not  that  mean  that 
you  would  require  a  much  larger  area  of  clay  land  thait 
good  land  ?-- Quite  so.  When  you  come  to  estimate  what 
area  of  clay  land  will  be  necessary  it  is  ridiculous  to  ask 
them  to  acquire  that  area  of  land  ;  they  cannot  get  that 
area  of  land. 

676.  (Chairman.)  You  mean  that  the  effluent  does  not. 
penetrate  the  clay  ;  that  it  silts  back  ? — That  it  does  not- 
penetrate  ;  it  does  not  get  through. 

677.  You  mean  it  silts  back? — ^It  would  choke  the 
filter;  you  coudd  not  get  any  volume  to  give  it  any 
practical  value,  and  that  is  the  reason  why  in  many  places 
where  they  have  got  clay  land  tliey  have  gone  to  the  ex- 
pense of  burning  it,  and  making  it  more  porous  ;  the  idea^ 
of  burning;  it  is  to  make  it  more  porous,  and  then  it 
becomes  really  an  artificial  filter. 

678.  And  you  do  not  consider  that  the  fact  of  its  being: 
treated  for  arable  purposes — ^broken  up.  ploughed  up, 
makes  it  an  effective  filter  ? — ^No,  I  do  not,  my  Lord. 

679.  (Major-General  Carey.)  There  is  one  point  that  I 
should  like  to  ask  Mr.  Scudder.  We  have  had  com- 
parative results  of  precipitation  and  artificial  filtration  as 
compared  with  precipitation  and  filtration  throucb  land, 
and  they  are  said  to  be  neaity  equal,  as  far  as  I  under- 
stand— precipitation  and  artificial  filtration  against  pre- 
cipitation and  land  filtration,  and  the  results  were  given 
to  us,  as  I  think  they  are,  nearly  equal  in  a  certain 
number  of  cases.  Now,  of  course,  it  is  a  fact  that  good 
management  enters  very  largely  into   the  question  of 
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results — good  management  and  supervision? — Oh,  quite 
so ;  I  quite  agree  with  that  that  good  management  is 
very  important. 

680.  Whatever  process  is  adopted? — ^Yes. 

681.  And  in  the  case  of  artificial  filtration  would  it  not 
be  more  difficult  to  obtain  satisfactory  results,  we  will 
say  from  an  indifferently  managed  system  of  filters  than 
from  a  sewage  farm  with  precipitation  and  land  filtration 
equally  badly  managed? — No,  I  would  rather  rely  upon 
a  man  who  was  given  to  irregular  working  to  manage  an 
artificial  filtering  area  than  I  would  a  land  area. 
My  experience  has  been  that  you  find  very  few 
men  who  really  understand  how  to  apply  liquid  sewage 
to  land.  On  uie  other  hand,  you  can  very  easily  train, 
and  you  can  very  readily  obtain  men  who  act  almoat  like 
machines.  We  have  mechanism  that  can  do  away  with 
the  men  employed  on  the  sewage  filters,  and  these  filters 
maj  be  worked  automatically,  and  .i  you  have  filter  bedj 
worked  automatically,  you  are  more  sure  of  your  results. 

682.  Take  Oldham  or  Chorley,  which  have  wotks  and 
filters  on  a  large  scale? — They  are  just  about  now  to  put 
in  this  automatic  arrangement  for  working  filters.  When 
that  is  in  they  will  get  far  more  concordant  results  than 
Toil  can  get  relying  upon  men. 

683.  My  question  refeited  rather  to  the  small  places ; 
places  where  indifTerent  management  is  perhaps  the  rule, 
and  I  should  like  to  have  an  opinion  of  what  would  be 
the  result  of  a  badly  managed  mter ;  for  instance,  when 
it  became  dogged  there  would  be  no  satisfactory  result 
at  all  ?— I  may  illustrate  that  by  referring  to  a  small  place 
like  Swinton  where  they  have  had  land  filtration  for  a  long 
time.  The  manager  there  certainly  does  not  understand 
the  principles  of  land  filtration,  but  there  was  the  land, 
and  he  had  to  use  it  to  the  best  of  his  ability.  He  was 
constantly  producing  bad  effluents,  and  the  Sanitary 
Authority  was  brought  up  before  the  Mersey  and  Irwell 
Joint  Committee.  They  then  adopted  two  cinder  filters — 
and  they  were  so  much  easier  for  this  man  to  work,  that 
since  their  adoption,  and  getting  into  good  working  order, 
they  have  had  no  complaints.  They  require  less  atten- 
tion to  work  than  the  land. 

684.  They  have  taken  great  pains,  I  presume,  at  Swin- 
ton  to  filter  this  sewage  efficiently.  Take  a  small  place  in 
&  rural  district,  the  moment  a  scheme  is  approved  or  a  loan 
s^inctioned,  they  begin  to  hope  that  the  works  will  take 
care  of  themselves? — Yes.  Well,  of  course,  everything 
if  you  neglect  it  will  go  wrong,  and  if  you  have  an  arti- 
ficial filter  bed  and  it  is  not  properly  attended  to  it  will 
go  wrong  equally  well  with  land. 

685.  That  is  my  point  ? — ^I  do  not  think  it  will  go  wrong 
because  it  is  more  porous.  It  cannot  get  through  land ; 
it  stops  and  becomes  bad. 

686.  (Chairman,)  You  asked  me,  I  think,  to  put  these 
questions  to  you,  and  I  think  Professor  Bamsay  has  a 
question  or  two  to  ask  on  the  same  subject.  What  is 
your  opinion  as  regards  the  Boyal  Commissioners'  stan- 
dards of  1868,  and  are  you  in  favour  of  fixing  definite 
standards? — ^Well,  with  regard  to  the  standards  of  the 
Boyal  Commissioners  of  1868  some  are  too  severe  and 
others  are  too  lax.  It  is  rather  a  mistake  to  refer  to  them 
as  standards  of  purity ;  they  are  really  limits  of  maximum 
impurity  allowed  for  effluents.  If  I  might  be  allowed  I 
should  like  to  go  through  those  limits  of  impurity  which 
have  been  fixed.  They  are  described  in  the  fourth  report 
on  page  164.  With  regard  to  the  first  standard  :  "  Any 
liquid  containing  in  suspension  more  than  three  parts 
bv  weight  of  dry  mineral  matter,  or  one  part  by  weight 
of  drr  organic  matter,  in  100,000  parts  by  weight  of  the 
liquid."  That  was  a  standard  which  was  to  be  enforced 
in  the  case  of  sewage  works,  in  the  case  of  calico  printing 
works,  dye  works,  silk  works,  paper  works,  skinners  and 
tanners.  With  regard  to  sewage  it  is  too  severe  a  stan- 
dard, inasmuch  as  many  of  the  best  effluents  that  we  get 
from  land  contain  in  suspension  more  than  the  amount 
allowed  here  "three  paiis  by  weight  of  dry  mineral 
matter."  On  the  other  hand  it  is  too  severe  a  test  for  the 
effluent  from  paper  works  and  the  effluent  from  calico 
printins  works.  I  have  been  engaged  in  cases  where  con< 
siderable  contention  has  been  involved  with  regard  to  the 
interpretation  of  what  is  "dry  organic  matter."  Is  the 
"diT  organic  matter"  to  be  taken  at  100  degrees  centi- 
grade or  at  110.  On  the  other  hand,  how  is  t£it "  dry  or< 
gsnic  matter"  to  be  determined.  The  only  method 
which  ia  available  to  the  chemispfc  is  to  determine  the 
organic  matter  by  combustion.  Well,  now,  it  all  depends 
on  what  solids  you  have  got  in  your  water.    It  depends 
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whether  or  not  you  have  got  water  of  combination  in  the      j^^  p 
solids  which  is  not  organic  matter,  but  which  is  volatile.     Seudder, 
For  instance,  if  you  taice  an  effluent  from  a  well  purified  f.c.8.,  tJ.o. 
sewage  farm  containing  a  high  amount  of  nitrates  when  it  13  jniyisss. 

has  been  evaporated  to  dryness  and  ignited  the  nitrates  are      

lost.    That  goes  under  the  heading   "organic   matter," 
which  would  not  be  right,  therefore  a  standard  like  that  is» 
I  think,  to  be  avoided.   It  is  commonly  brought  into  tiials. 
One  chemist  is  pitted  against  another,  and  the  chemist 
who  declares  the  organic  matter  is  mure  than  "  one  part  of 
dry  organic  matter  "  is  contradicted  Dy  the  other  one  who 
proves  that  it  was  not  dry  organic   matter  that  it  wa» 
the  nitric  acid  that  was  evolved,  or  he  might  say  it  was. 
inorganic   nitrogen,    which   is   not   organic    matter    at- 
all.    Therefore,  unless  it  is  definitely  stated  at  what  tem- 
perature you  have  to  take  the  matter  these  standards- 
become  of  very  little  use.      Then  with  regard  to  the 
standard  "  B  "  :  "  An^  liquid  containing  in  sSution  more 
than  two  parts  by  weight  of  organic  carbon,  or  0*3  part  by 
weight  of  organic  nitrogen  in  100,000  by  weight"    Now, 
that  is  not  a  sufflciently  severe  standard  for  sewage  works. 

687.  (Major-Oenerdl  Car^.)  But  that  is  the  sewage, 
effluent  standard,  is  it  not  ? — That  is  meant  for  sewage. 


688.  It  is  the  only  clause  that  applies  to  sewage 
Tes;  tha/t  means  diat  you  oould  have  '21  or  organic  nitro- 
gen per  gallon  escaping  in  the  effluent.     That  is  not  suffi- 
ciently severe.    On  the  other  hand,  it  is  too  severe  for  - 
the  effluent  from  a  xiaper  works,  or  for  t^e  effluent  from 
calico  printing  works  to  wliich  it  also  applies.     The  third 
standard:   ^'Any  liquid  which  shall  exhibit  by  dayligiit 
a  distinct  colour  when  a  stratum  of  it  one  inch  deep  is  , 
placed  in  a  white  porcelain  or  earthenware  vessel,"  that 
is  also  too  severe  a  test.     No  calico  printer  can  meet  tl.al    . 
requirement,  and  it  is  not  applicable  to  calico  printin;^, 
dyeing,  and  colour  works.     \\  hat  is  a  distinct  colour  to 
one  person  would  not  be  heJd  to  be  so  to  another.     We 
must  also  bear  in  mind  the  enormous  tinctorial  power  of 
the  aniline  colours  represented  by  an  infinitesimal  weight.^ 
of  colouring  matter.    Ifow  that  the  aniUne  colours,  the  coal 
tar  products,  have  been  so  extensively  used  among  calico  - 
printing  and  dyeing  works  such  a  standard  as  that  is  not 
applicable.  Then  we  come  to  standard  "  D  "  :  "  Any  liquid , 
which  contains,  in  solution,  in  100,000  parts  by  weights 
more  than  two  parts  by  weight  any  metal  except  calcium, 
magnesium,  potassium,  and  sodium."      That:  *}tandard  I 
understand  was  put  in  in  order  to  protect  the  mining  indus- 
try, but  it  does  not  protect  the  manufacturer.     It  does  not, 
as  any  standard  framed  ought  to  do,  have  for  its  object  the 
making  of  river  water  uaable  for  the  manufacturer.     Now„ 
supposing  a  manufacturer  has  to  purify  his  effluent  he 
would  be  allowed  to  pass  away  in  that  purified  effluent 
if  he  used  a  precipitation  process  6|  grains  of  copperas 
per  gallon.    We  will  assume  that  this  manufacturer  is  in  ^. 
a  certain  position  of  the  stream,  there  is  another  manu- 
facturer down  below  who  wants  to  draw  water  for  the 
purpose  of  carrying  on  his  trade  as  a  dyer.    If  this  man  < 
is  allowed  to  throw  into  the  river  above  him  an  effluent 
containing  14  grains  of  iron  per  gallon,  which    is   tlie  - 
maximum  allowed  under  this  clause,  to  the  man  below  - 
that  water  would  be  useless  for  any  purposes  of  dyeing. 
Again,  supposing  that  they  were  to  resort   to   alumina. 
as    a    precipitant,    then    the    manufacturer    who    used' 
what  is  usually  used  for  precipitation  purposes,  alumina 
ferric  cake,  would  be  allowed  to  send  in  17'2  grains  of 
alumina  ferric  cake  per  gaUon  of  his  effluent.    Now,  the 
effect  of  that  large  amount  of  metals  other  than  those 
mentioned  there  would  prohibit  this  manufacturer  from 
using  river  water.    During  the  last  two  or  three  years  1 
have  had  several  cases  where  manufacturers  have  been 
in  dispute  with  regard  to  pollution  of  the  river,  and  thi& 
very  question  of  the  amount  of  metal  other  than  those 
specified  as  allowable  has  been  argued,  and  that  clause  ik 
no  protection  to  the  manufacturer.    Therefore  I  think  it 
is  valueless.    The  manufacturer  has,  on  the  other  hand, 
turned  round  and  said,  "Well,  what  did  the  Commissioner^ 
suggest  in  1868?"    They  suggested  that  they  should  biv 
allowed  to  pass  an  effluent  containing  not  more  than  thi . 
1*4  grains  of  a  metal.     One  of  the  duties,  I  think,  that  tho 
Mersey  and  Irwell  Joint  Committee  have  to  attend  to,  an'i 
that  is,  to  see  that  the  manufacturer  in  attemptinj?  to  purify 
his  liquid  does  not  pass  into  the  river  any  material  that 
would  be  hurtful  to  the  man  below.    I  need  hardly  poini 
out  that  iron  escaping  into  a  river  is  most  injurious  to  a 
man  who  is  carrying  on  the  business  of  a  calico  printe*^ 
or  a  dyer.     Alumina  ferric  cake  is  equally  injurious.     It 
a'^s  as  a  mordant,  and  therefore  those  limits  a»e  valueless 
Standard  £  is  one  only  referring  to  arsenic,  and  T  see 
no  objection  to  that.    Standard  F  is  a  good  one.    I  ap^ 
prove  of  Standard  F. 
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Mr.  r.         689.  ^Bvr  Eiehard  Thorne.)  Would  you  name  Standard 

Settdd^,    F  7— standard  F  :  "  Any  liquid  which,  after  acidification 

g.ca.,  F.I.C.  ^^  sulphuric  acid,  contains,  in  100,000  ^rta  by  weight, 

isjQif  1886.  more  than  one  part  by  weight  of  free  chlorine."    Kow, 

that  is  a  very  good  standard.    It  protects  the  river  from 

any  injurious  etfects  produced  by  the  discharge  of  bleacn- 
ing  powder,  say,  from  paper  works.  Now,  paper  manu- 
facturers, as  a  rule,  take  great  care  not  to  aUow  any  free 
chlorine  to  escape  in  their  effluents ;  it  is  a  loss  to  them 
if  any  chlorine  escapes.  That  is  so  much  loss  to  the 
works,  consequently  we  find  very  few  paper  works  which 
are  not  able  to  come  up  to  that  standard.  And  that  is 
really  a  good  standard,  applicable  to  paper  works,  for 
which  it  was  framed.  Standard  G  :  *'  Any  liquid  which 
contains,  in  100,000  parts  by  weight,  more  than  one  part 
by  weight  of  sulphur,  in  the  condition  either  of  sulphur- 
etted hydrogen,  or  of  a  soluble  sulphuret " ;  that  is  a 
good  standaid  also  to  insist  upon.  Standard  H  :  "  Any 
quid  possessing  an  acidity  greater  than  that  which  is 
produced  by  adding  two  parts  by  weicht  of  real  muriatic 
acid  to  1,0(30  parts  by  weight  of  distifled  water."  But  I 
will  take  Standard  H,  if  I  may,  in  conjunction  with  Stan- 
dard I,  the  next  standard,  because  these  two  were  framed 
for  a  special  purpose.  *'l"  ia:  "  Any  liquid  possessing 
an  alkalinity  greater  than  that  which  is  produced  by 
adding  one  part  by  woight  of  dry  caustic  soda  to  1,000 
parts  by  weight  of  distilled  water."  Now,  those  two 
standards  were  framed  for  the  protection  of  fish.  They 
do  not,  however,  protect  the  manufacturer ;  they  do  not 
assist  th^  manufacturer  in  getting  water  suitable  for  manu- 
facturing purposes.  On  the  other  hand  they  are  a  great 
drawback  to  the  manufacturer,  inasmuch  as  the  escape  of 
water  containing  ^(^  per  cent,  of  hydrochloric  acid  is  really 
excessive,  and  I  know  of  no  manufacturing  prjcesi  wiiere 
such  a  large  amount  escapes.  And  the  other  standard 
"I"  is  far  too  lax.  The  same  applies  with  regard  to 
the  amount  of  alkali  allowed.  Any  paper-maker  would 
be  allowed  to  let  the  whole  of  his  alkaline  liquids  escape 
and  come  well  within  that  limit.  Moreover,  it  was 
^specially  framed,  as  I  pointed  out,  for  the  protection  of 
fish,  and  if  you  refer  to  the  Commissioners'  rep3rt,  the 
experiments  made  by  the  late  Dr.  Penny,  he  found 
that  one  part  in  50,000  will  kill  fish  instantly,  and  here  you 
have  a  standard  of  one  in  a  thousand,  so  that  it  is  not  an 
'  efficient  protection  to  fish.  Those  two  standards,  I  think, 
therefore,  are  valueless.  The  last  standard,  K :  "  Any 
liquid  exhibiting  a  film  of  petroleum  or  hydro-carbon  oil 
upon  its  surface,  or  containing,  in  suspension,  in  100,000 
parts,  more  than  *06  part  of  such  oil."  Well,  that  is  quite 
fair  as  regards  the  amount  of  oil  that  is  permissible  into 
«  stream,  but  it  does  not  prevent  the  gas-maker  or  the 
oil  refiner  from  discharging  acids  into  the  streams,  and  the 
bye-products  from  wood  works  containing  acid  and  acetates. 
It  was  framed  for  the  purpose  of  protecting  the  manufac- 
turers of  pyroligneous  acid,  oil  refiners,  and  the  gas  works, 
but  it  does  not  touch  them  at  all  with  their  poUutizig 
liquids,  it  only  touches  them  so  far  as  that  volume  of  oil  is 
concerned,  and,  therefore,  that  standard  is  useless.  That 
is  what  I  have  to  say  with  regard  to  the  standards.  Then 
with  regard  to  the  second  portion  of  the  question,  whether 
I  think  standards  are  advisable,  I  think  they  are  not  ad- 
visable. I  have  given  a  considerable  amount  of  attention, 
■and  I  have  always  endeavoured  to  see  if  it  was  possible  to 
get  at  a  workable  standard.  That  I  have  not  been  able 
to  do,  and  I  think  that  each  case  ought  to  be  tested  on  its 
merits.  To  lay  down  absolute  standards  of  purity  for 
every  river  would  be  a  mistake,  irrespective  of  the  locality 
and  circumstances  of  the  case.  I  think  that  the  beist 
practicable  and  available  means  ought  to  be  insisted  upon 
for  the  treatment  of  foul  liquids  escaping  from  any  factory. 
If  the  best  practicable  and  available  meana  were  adopted, 
the  manufacturer  is  protected  from  any  vexatious  or 
harassing  litigation  put  in  motion  by  any  conservancy 
board,  inasmuch  as  you  have  to  show  that  he  is  not  using 
thevbest  practicable  and  available  means.  If  you  had  a 
definite  standard  the  manufacturer  does  not  know  the 
limit  that  he  may  be  driven  to.  It  has  often  been  sug- 
gested that  it  is  desirable  to  have  standards  in  the  same 
way  that  for  the  pollution  of  air  from  alkali  works  you 
have  the  Alkali  Acts,  where  standards  have  been  in  force, 
but  with  the  Alkali  Acts,  although  rigid  standards  have 
been  enforced,  the  manufacturer  is  supplied  with  an  un- 
limited quantity  of  the  pure  article,  namely,  air  to  dilute 
his  escaping  gases.  The  application  of  similar  unvarying 
standards  to  the  case  of  water,  which  is  supplied  neither 
in  quantity  nor  in  quality  to  any  manufacturer  alike,  is 
essentially'  different.  You  see,  although  they  fix  a  stan- 
dard under  the  Alkali  Acts  for  air  pollution,  they  take  the 
number  of  grains  in  the  cubic  foot  escaping.  In  the  f-ame 
way  if  you  fix  a  standard  for  the  polluting  liquid,  you  must 
also  fix  the  volume  of  it.  A  man  may  have  a  very  small 
volume  of  very  noxious  polluting  matter,  but  if  he  has  a 


standard  given  to  him  he  can  dilute  it  down  and  escape, 
so  that  is  one  of  the  reasons  why  I  think  that  this  more 
elastic  standard  of  using  the  best  practicable  and  avail- 
able means  is  better.     I  think  that  answers  the  point. 

600.  {Professor  Bamsay.)  Might  I  ask  you  about  the 
question  of  analyses  and  refer  you  back  to  your  criticism 
''  A  "  upon  the  report  of  1868  of  the  Kivers  Conmxission, 
page  2^  of  the  first  document,  I  think? — ^Sir  Henry 
Boecoe's  report,  table  9. 

601.  Tou  say  good  effluents  are  unable  to  comply  with 
this  standard  forbidding  more  than  three  parts  by  Wwigh& 
of  dry  mineral  matter  or  one  part  by  weight  of  dry  organic 
matter  in  100,000  parta  by  weight  of  the  liquid.  I  under- 
stood you  to  say  that  questions  of  analyses  crop  up  here 
which  make  it  difficult  to  say  whether  there  are  really  the 
supposed  amounts  of  organic  matter  in  the  liquid  ? — Tes. 

692.  But  I  suppose  you  would  agree  that  it  is  not  cf  sj 
much  importance  whether  the  organic  matter  is  present 
in  the  liquid  as  such  as  to  what  may  become  of  the  organic 
matter  later  on.  For  example,  there  are  a  great  many 
kinds  of  oij;anic  matter  which  may  be  present  in  a  stream 
without  doing  any  harm  to  it? — ^I  quite  agree,  and  I  would 
like  to  put  that  as  a  primary  reason  that  it  is  not  so  much 
the  quantity  of  organic  matter  as  the  quality. 

693.  Do  you  not  think  it  would  be  advisable  to  applv 
a  test  for  the  quality  7— Yes.  *The  difficulty,  I  think,  is 
in  framing  a  test  that  could  legitimately  be  used.  If  you 
frame,  for  instance,  a  permanganate  test  which  would 
measure  the  putrescibility  of  an  effluent  which  we  hare 
attempted  to  do  in  a  certain  direction  on  our  watershed, 
we  found  immediately  that  people  resort  to  means  whereby 
that  test  is  frustrated. 

694.  By  antiseptics? — ^By  antiseptic  treatment.  For 
instance,  I  know  of  a  case  where  the  effluent  put  under 
the  incubator  test  shooved  no  tendency  to  putrefaction ; 
it  was  simply  pickled  by  carbolic  acid. 

696.  But  would  not  its  condition  from  carbolic  acid 
have  brought  it  under  one  of  the  other  headings  ?—!nie 
subsequent  dilution  condemned  it,  but  with  the  incubator 
test  it  did  not  get  any  worse ;  it  was  pickled  for  the  time 
being.  We  have  to  attenuate  the  action  of  the  carbolic 
acid  by  dilution,  and  by  diluting  it  we  then  get  the 
secondary  decomposition  to  go  on. 

696.  Then  you  admit  it  is  possible  to  test  this  even  when 
carbolic  acid  is  present? — ^It  is,  but  it  requires  refined 
methods  of  analyses ;  for  instance,  we  have  to  use  the  lime 
method  for  one.  If  you  have  free  lime  present  the  effluent 
does  not  undergo  secondary  decomposition,  but  the  rate 
at  which  the  free  lime  disappears  is  a  measure  of  the 
changes  which  the  oiganic  matter  in  the  effluent  are  under- 
going. In  the  same  way,  if  you  take  the  effluent  and  ts.i- 
mate  the  rate  at  which  the  dissolved  oxygen  disappears, 
that  is  of  great  value  in  conjunction  with  the  perman- 
ganate test. 

697.  Taking  these  refined  methods  into  consideration, 
it  would  be  possible  to  make  a  standard  in  this  respect  t 
— ^Yes,  and  practically  as  a  scientific  chemist  I  have  my 
test.  In  cases  of  trial  or  dispute,  where  other  chemists 
are  involved,  I  use  every  test  I  possibly  can.  I  want  all 
those  available  in  order  to  arrive  at  a  definite  opinion  with 
regard  to  whether  that  organic  matter  is  liable  to  become 
offensive. 

696.  Then  do  you  not  think  that  this  standard  could  be 
generally  applied ;  what  is  to  hinder  this  standard  which 
you  apply  occasionally  and  in  cases  of  dispute  ^m  being 
generally  applied  ? — Nothing,  except  that  it  is  a  standard 
that  only  a  scientific  chemist  can  use.  I  should  not  like 
a  standard  like  that  to  go  out  and  be  used  in  the  same 
way  that  Wanklyn's  process  for  estimating  nitrogenous 
organic  matters  has  been  used  by  chemists. 

699.  But  to  apply  your  analogy  with  the  Alkali  Act  the 
hyditx^hloric  test  can  be  applied  only  by  a  skilled  ohemist  ? 
— Exactly ;  oh  1  if  you  do  it  in  the  same  way  ;  if  yon 
stipulate  at  the  same  time  that  these  tests  are  to  be  carried 
out  by  skilled  chemises  th«n  I  am  with  you.  I  think  that 
can  be  done. 

700.  I  can  quite  see  the  objections  you  take  to  various 
points  raised  in  these  paragraphs,  "A,"  "B,"  ''C,"  and 
80  on  ;  I  do  not  think  they  need  gomg  over  in  detail ;  it 
appears  to  me  that  your  criticism  la  just  enough  ? — I  may 
iust  make  one  further  observatioin,  if  I  may,  with  regard 
to  standard  "  A  "  that  is  later  from  the  page  that  I  quoted 
from — a  later  period  at  page  49  you  firid  they  aay  this: 
"  Any  liquid  which  !ha8  not  been  subjected  to  perfect  rest 
in  subsidence  ponds  of  sufficient  size  for  a  period  of  at 
least  six  hours." 

701.  Tee  ?--Well,  I  do  not  think  that  it  would  be  fair 
to  thi:  manufacturer  to  insist  upon  him  holdiru^  his  liquii 
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op  for  six  hours.  Some  of  the  rery  best  efQuento  are  j?o* 
by  holding  them  up  for  two  hours,  so  that  you  cannot 
even  fix  th<e  time  or  conditions  like  that ;  each  must  lest 
upon  its  own  merits. 

702.  Then  I  had  better  pass  your  comments  on  "B," 
"C,"  and  "D";  they  appear  to  me  quite  justified,  and 
a'so  *-E."  which  deals  with  arsenic;  you  cannot  accept 
that? — I  have  no  objection  to  that  standard.  Of  course, 
fiom  the  Mersey  and  Irwell  point  of  view  we  have  not 
att(^mpted  to  deal  with  arsenic  ;  that  is  only  for  the  pro- 
tection of  life. 

703.  Then  you  also  accept  "F"  and  "G,"  which  prac- 
tically amounts  to  accepting  standards  ? — ^Yes. 

704.  "  H  "  and  "  I  *'  you  think  not  stringent  enough  ?— 
Not  strin$i:ent  enoucrh. 

705.  Would  there  be  any  objectiona  to  making  them 
more  strini^ent.  The  one  refers  to  alkali  and  the  other 
to  acid ;  would  they  interfere  at  present  with  manufac- 
ture  t — Not  at  all ;  it  would  not  interfere  with  manufacture. 
I  know  no  manufacturing  process  which  turns  out  effluents 
anything  like  these. 

706.  But  in  very  much  less  quantitv  ? — I  think  it  would 
be  good  if  we  could  guazd  against  the  discharge  of  free 
acids  or  the  discharge  of  free  alkalis,  but  it  would  be  very 
difficult  to  arrive  at  what  would  be  a  legitimate  limit. 

707.  It  can  be  arrived  at? — ^It  can  be  arrived  at — oh, 
yes. 

708.  And  of  course  in  the  case  of  trades  if  there  were 
inspectors  appointed  they  should  not  press  too  hard  on 
manufacturers  at  first  ? — Quite  so.  Take  for  instance  the 
bleacher,  practically  the  whole  of  his  alkali  escapes,  and 
the  way  that  we  have  had  to  deal  with  the  treatment  of 
bleachers'  Kier  liquors,  which  is  really  a  strong  alkali,  is 
this  :  the  liquors  are  stored  and  distributed  over  the  whole 
of  the  effluents,  thereby  reducing  the  alkalinity ;  but  if 
he  was  allowed  to  discharge  this  liquid  direct  into  the  rive** 
it  would  then  be  a  very  polluting  liquid,  bu\>  it  would 
come,  and  we  have  had  cases  where  it  has  been  contended 
that  the  liquid  has  come  within  these  requirements.  Again 
we  have  had  a  case  where  alkalinity  is  involved  with  a 
sewage  works.  They  discharge  along  with  the  tink 
effluent  free  lime.  They  used  an  excess  of  lime ;  they 
had  five  or  six  grains  of  free  lime  escaping  in  their  effluent ; 
as  soon  as  this  met  with  the  river  water  it  precipitated 
carbonate  of  lime.  "  But, **  said  the|  authority, ' '  they  come 
within  the  limits  of  the  Commissioners  standards,  we  meet 
"  the  requirements."  It  is  not  a  very  strong  alkali,  but  it 
is  most  injurious  that  six  grains,  which  form  very  nearly 
twelve  grains  of  carbonate  of  lime,  and  then  at  the  same 
time  there  is  carried  down  a  considerable  amount  of 
organic  matter.  We  want  to  stop  them  going  into  a  Court 
of  Law  and  arguing  that  they  are  protected  by  standards 
which  were  suggested  in  the  Commissioner's  Report  of 
1868.  Tou  must  bring  it  down  so  that  the  alkalinity  must 
not  exceed  one  or  two  grains  to  the  gallon  to  make  it  effec- 
tive. 

709.  Quite  so  ;  but  you  think  there  would  be  no  greet 
difficulty  in  getting  such  a  standard  kept  to  in  course 
of  time— perhans  not  at  fiist,  but  in  course  of^time?— In 
eofurse  of  time  I  think  it  would,  but  not  at  first. 

710.  Pyroligneous  acid  would  come  under  the  designation 
if  acid  ?--Quite  so. 

711.  It  would  be  stopped  in  that  way  ? — ^But  then  from 
pyroligneous  works  there  is  very  little  crude  pyroligneous 
acid  escapes,  but  crude  acetates  will  pollute  a  river  for  a 
considerable  distance,  and  yet  it  escapes  under  this 
standard. 

712.  Chaiccal?— CSharcoaL 

713.  But  do  you  refer  to  the  escape  of  powdered  charcoal 
in  your  criticisms? — Well,  powdered  charcoal  is  not  pro- 
tected herf". 

714.  Would  it  not  come  under  the  head  of  suspended 
matter  / — ^Yes,  I  think  it  says  here  that  this  was  specially 
framed  for  pyroligneous  works,  which  are  practically 
charcoal  works. 

715.  Yee,  but  it  surely  would  come  under  the  head  of 
siifrpended  matter  ? — ^Yee,  but  this  specially  refers  to  "A  " 
and  '*  B  "  suspended  matter,  and  they  have  not  incorporated 
this. 

716.  Then  I  may  take  it,  I  think,  on  the  whole,  that 
in  spite  of  what  you  say  in  your  next  paragraph  you  are 
not  averse  to  a  standard  ? — ^I  am  not  averse  to  a  standard 
if  the  standard  ia  to  be  carried  out  by  scientific  ohemisrts. 

717.  (Sir  Biehard  Thome.)  Tou  stated  just  now  th;  * 
you  thought  each  case  ought  to  rest  on  its  own  merits? 
— Tes. 

718.  What  do  you  mean  by  each  case? — ^Each  case  of 
pollution. 
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719.  Kot  each  river  ? — Not  each  river,  no  ;  each  caae     Mr.  P. 
of  pollution,  each  manufacturer,  or  each  authority.  ^Seudder, 

720.  Then  who  is  to  be  the  judge  of  these  merits  all  lojJJTJoyg 
f  ver  the  Kingdom  ? — ^Well.  you  will  have  to  have  authorities      _Z. 
similar  to  the  Mersev  and  Irwell  Joint  Committee  all  over 

the  Kinc^dom.  For  instance,  the  Mersey  and  Irwell  Joint 
Committee  take  the  authority  of  dealing  with  each  manu- 
facturer on  his  own  merits. 

721.  Then  that  means  that  you  desire  to  have  each 
watershed  in  the  Kingdom  under  a  Board  which  is  com- 
parable to  the  Mersey  and  Irwell  Board  ?— That  is  so.  I 
think  that  would  work  better,  because  if  you  have  each 
county  with  its  own  authority,  like  we  have,  the  membcTR 
of  that  authority  are  well  acquainted  with  the  industries 
carried  on,  in  muiy  cases  they  are  weU'  acquainted  with 
tht^  manuafcturers  personally  and  with  the  authorities ; 
in  fact,  the  authorities  are  represented  on  it,  and  oon- 
sequentlv  we  know  what  is  desirable  to  get  and  to  get  at. 

722.  Tes,  but  if  they  are  to  be  the  judges  then  thov 
cannot  be  the  prosecutors  ? — ^I  do  not  see  why.  as  we  are 
at  the  present  time.  For  instance,  take  a  manufacturer, 
what  is  the  procedure?  The  Mersey  and  Irwell  Joint 
Commitiee  decide  that  this  man  is  not  doinsr  his  dutv. 
tnat  he  is  not  using  the  best  practicable  and  available 
means.  He  is  invited  to  attend  the  Joint  Committee  and 
show  cause  why  proceedings  should  not  be  taken  against 
him  :  he  is  then  told  distinctly  and  clearly  what  it  ia  t^  -* 
we  obiect  to  and  he  can  cross-examine  and  discuss  the 
matter  with  us.  If  he  insists  that  he  cannot  do  any  more 
and  will  not  do  any  more  we  call  upon  the  Local  Govern- 
ment Board  to  hold  an  inquiry.  They  hold  an  inde- 
pendent inquiry,  and  it  is  upon  their  certificate  whether 
we  are  allowed  to  go  into  a  Court,  or  not. 

723.  Quite  so,  then  it  is  not  the  Joint  Committee  that 
judges  ;  the  Court  or  the  Local  (rovenmient  Board  judire 
on  scientific  evidence,  and  the  person  whosis  prosecute<I 
caii  brine  any  amount  of  evidence  counter  to  that  whi»i 
the  Committee  bring? — Quite  so  ;  but  we  form  an  opinion 
first  :  the  Joint  Committee  decide. 

724.  Then  as  regards  some  of  your  objections  to  thew* 
tesi«?,  these  standards — ^I  would  just  take  one.  ^o\\ 
object,  for  example,  to  1^  grains  of  iron  per  gallon  as  a 
standard  on  the  ground  that  if  that  were  admitted  in  an 
efiluent  it  would  render  the  water  below  useless  for  the 
purpose  of  the  manufacturer  below  ? — ^Yes. 

725.  But  surelv  this  must  denend  upon  the  body  of 
water  with  which  the  iron  ia  mixed  ? — ^It  does  to  a  great  ex- 
tent, and  I  point  out  t'^ia  that  one-tenth  of  that  standard 
would  render  water,  if  it  were  diluted  ten  times,  useless  to 
a  manufacturer  who  happens  to  be  a  calico  printer  or  a . 
dvor,  and  the  cases  that  I  have  been  cormected  with 
scieiitificaUv  where  manufacturers  dis?pute  with  record  to 
the  water,  you  often  find  that  the  water  is  impounded  from 
these  streams  upon  which  these  works  are  situated.  A 
manufacturer  will  open  hia  valves  to  the  reservoir  at  six  in 
the  morning,  and  take  water  on  till  twelve.  During  that 
period  the  man  below  has  only  available  for  his  purposes 
the  effluent  coming  from  the  works,  so  that  a  standard  is 
no  use  unless  you  can  fix  such  a  standard  that  it  cannot 
possibly  under  any  conditions  become  hurtful  to  the  manu- 
facturer. 

726.  Well,  that  means  in  the  case  of  a  very  small 
stream  with  a  large  number  of  manufacturers  upon 
it,  an  almost  imposRihle  standard  does  it  not? — It 
does  not  follow  that  there  may  be  a  large  number  of 
manufacturers.  Take  some  of  the  streams,  there  may 
not  be  more  than  two  manufacturers  on  that  stream^ 
and  the  one  below  being  a  riparian  owner  has  com- 
pelled the  man  above  him  to  remove  the  whole  of  the 
iron,  and  send  him  down  water  which  is  usable.  I  think  ' 
the  object  we  ought  to  have  in  view  in  any  standard 
is  that  it  is  to  render  i^e  water  usable  for  the  purposes 
of  manufacturing.  Apart  from  sewage,  of  course,  we 
treat  sewage  from  a  health  point  of  view;  if  we  are 
going  to  treat  manufacturing  waete,  we  must  treat  it 
from  *^he  point  of  view  of  obtaining  water  which  is 
iifiable  to  the  manufacturer,  to  bring  back  the  streams 
to  their  original  condition— to  the  nonnal  condition. 

727.  To  the  normal  condition  ? — To  the  normal  con- 
dition. 

728.  (Professor  Ramsay.)  The  ideal  object,  I  suppose  ? 
— ^That  shouM  be  the  object,  yes. 

729.  (.Sir  Biehard  Thome.)  But,  after  all,  any 
standard,  I  presume,  must  depend  on  the  number  of 
manufacturers  on  the  stream,  and  upon  the  bulk  of 
water  in  the  stream?  You  might  have  a  standard,  for 
example,  so  far  stringent  that  with  half  a  dozen  manufac- 
turers on  the  stream  no  harm  whatever  would  result  to  the 
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jTr.  P.      water  below,  whereas  if  you  multiply  the  half  a  doEen 

»^8*1ri'c  ^  *  hundred  manufacturers  the  same  standard  would 

*  *_!_'  ■  *  admit  of  damage  to  the  water  so  that  it  could  not  be  used 

iSJniyi898.  below  ;  am  I  right  there  ? — ^Yes,  you  are  right  there.  You 

must  frame  a  standard  for  the  purpose  of  dealing  with  the 

effluents  as  discharged  into  the  river.    If  you  begin  to 

deal  with  the  effect  of  the  effluent  on  volume  you  come 

upon    treacherous    ground.  You    must    deal    with    the 

effluents,  per  se^  and  you  must  make  a  standard  in  regard 

to  these  effluents  which  escape  into  a  river,  and  not  a 

standard  for  the  river  water. 

730.  Then  does  it  not  come  to  this,  that  each  river 
must  be  judged  by  a  separate  standard  ? — No  ;  you  must 
fix  the  effluent  itself,  having  no  regard  to  the  river,  to 
be  on  safe  ground. 

731.  {Professor  Bamsay,)  Is  it  not  possible,  on  each 
river,  knowing  the  manufactures  which  exist  on  its 
banks,  so  to  arrange  that  the  various  effluents,  to  some 
extent  at  all  events,  would  neutralise  each  other  9^— If 
they  formed  a  general  board,  to  group  all  their  effluents 
together  to  deal  with  it? 

732.  Yes?— But  then  that  is  a  most  difficult  thing, 
it  is  very  difficult  to  get  manufacturers  to  combine  to 
treat  the  whole  of  the  waters. 

735.  You  mean  their  position  on  the  stream  would  not 
permit  of  it? — Their  position  on  the  stream  would  not 
permit  of  it. 

734.  (Sir  Bichard  Thome.)  Supposing  it  were  prac- 
ticable that  there  should  be  a  separate  committee  for 
each  watershed  in  the  kingdom,  do  you  think  it  would 
be  practicable  to  permit  each  of  these  committees  to 
define  a  standard  for  the  streams  within  their  area  collec- 
tively or  separately,  such  standard  to  be  subject  to  the 
approval  of  some  central  body ;  would  that,  in  other 
words,  get  over  one  of  the  greatest  difficulties  with  re- 
gard to  unifonn  standards  throughout  the  whole  of  the 
Kingdom  ? — I  think  that  would  be  a  most  difficult  thing 
to  arrive  at;  but  by  taking  each  manufacturer  on  his 
merits,  you  have  in  a  nutshell  the  way  to  deal  with  it. 
For  instance,  the  question  is  raised,  *'Is  he  using  the 
best  practicable  available  means "  7  Well,  then  it  is 
for  experts  to  say  whether  he  is  or  is  not ;  but  how  can 
experts  decide  what  standards  shall  be  used  on  a  river ; 
it  is  a  most  difficult  thing  to  fix. 

735.  True? — Supposing  you  take  a  small  stream  with 
ihree  manufacturers  on  it,  a  calico  printer,  a  dyer,  and 

.n  paper  maker,  if  you  fix  a  standard,  the  dyer  is,  say, 
working  with  logwood,  perhaps  he  is  dyeing  all  blacks, 

-  and  you  fix  a  standard  for  that ;  then  he  gives  over  log- 
wood dyeing  and  resorts  to  indigo-dyeing,   the  thing  is 

•  entirely  altered.  You  must  take  the  effluent  as  it  leaves 
the  works.  You  cannot  deal  with  a  river  and  fix  a  standard 
for  the  river,  the  industries  may  vary,  the  processes 
may  alter ;  one  may  give  up  the  bleaching  department 
in  a  dyeworks. 

736.  Then  the  position  of  the  river  below,  in  so  far 
.   as  its  utility  for  manufacturing  purposes  is  concerned, 

will  depend  not  on  the  character  of  each  separate  effluent, 
but  on  the  number  of  those  effluents? — Quite  so  ;  that  is 

S'.\ 

737.  Then  how  can  you  judge  each  cose  of  a  manu- 
facturer apart  from  the  others— so  many  other  considera- 
tions seem  to  be  involved  ? — ^You  remove  all  the  considero- 
ti(jns  if  you  only  deal  with  effluents.  You  have  only 
that  consideration  to  deal  with,  the  best  practicable 
available  methods. 

738.  That  may  still  render  the  river  absolutely  useless 
for  another  manufacturer  below?— If  he  is  using  the  best 
practicable  and  available  means. 

730.  It  may  still  leave  the  water  below  useleas  for 
another  manufacturer  ?— Yes,  that  is  so,  if  he  is  using 
^^fhe  best  practicable  and  available  means. 

740.  Then  that  would  be  allowing  a  manufacturer  who, 
if  he  were  using  the  best  practicable  and  available  means, 
8)  to  foul  the  river  that  nobody  else  could  use  the 
water  for  manufacturing  purposes  below ?--That  is  so; 
but  what  happens?  The  moment  the  man  below  finds 
that  man  cannot  purify  his  liquid,  he  takes  him  into 
Court,  and  he  spends  so  much  money  that  he  drives 
him  away,  and  he  may  get  an  injunction  against  him. 

741  We  can  hardlv  introduce  that  as  a  recommenda- 
tion of  the  Commission  ?— No,  but  that  very  often  does 
happen. 

*  742.  {Mr.  Killick.)  You  expressed  the  opinion  that 
the  way  to  deal  with  manufacturing  and  sewage  effluents 
is  to  treat  the  river  as  a  whole,  to  treat  the  watershed  ? 
— Yee. 


743.  But  in  that  answer  you  are  only  speaking  of  eo. 
forcing  the  Act  of  1876,  not  of  establishing  the  standards, 
but  merely  putting  the  Act  into  force  ? — That  is  so. 

744.  You  knew  something  of  the  Mersey  and  Irwell 
watershed  before  the  Joint  Committee  was  formed  ?— I 
did ;  I  knew  it  from  1860  onwards. 

745.  Was  much  progress  made  after  the  passing  of 
the  Kivers  Pollution  Prevention  Act  until  the  fonnotion 
of  the  Committee  ?— Practically  there  was  no  progress 
whatever  until  the  Committee  was  formed.  There  were 
less  than  half  a  dozen  manufacturers  within  the  juris- 
diction of  the  Mersey  and  Irwell  Joint  Committee  who 
had  carried  out  any  purification  works.  Those  works 
had  only  been  carried  out  by  private  litigation — ^manu- 
facturers quarrelling  with  one  another  as  regards  the 
distribution  of  the  water.  Water  rights  were  involved, 
and  certain  manufacturers  had  commenced  and  got  into 
efficiency  ceztain  purification  works. 

746.  The  real  difficulty,  first  of  all,  is  with  the  manu- 
facturers. The  authorities  wished  that  all  should  be 
treated  in  the  same  way?— Yes,  that  is  so. 

747.  And  in  the  next  place,  that  everybody  should  be 
treated  alike? — Yes. 

748.  But  if  that  is  left  to  an  individual  authority  lower 
down  the  river,  anywhere  in  the  river,  it  does  not  hap- 
pen?— No,  that  is  so. 

749.  It  would  be  impossible  to  make  any  progress  by 
beginning  at  the  top  of  the  stream  and  forcing  the  first 
manufacturer  to  return  the  water  to  the  stream  in  what 
you  describe  as  a  normal  condition,  because  if  you  did 
so  it  would  take  some  things? — You  could  not  make 
progress.  Take  them  all  on  some  basis  and  inmst  on 
each  one  using  the  best  practicable  and  available  means, 
bringing  them  up  first  of  all  before  the  Local  Qoyem- 
ment  Board.  They  sometimes  say :  '*  We  do  not  know 
what  you  desire."  We  are  bound,  when  we  go  before 
the  Local  Government  Board  inspector,  to  prove  to  him 
that  there  are  reasonable  and  available  means  for  the 
purification  of  the  effluent,  and  the  returns  Mr.  Totton 
laid  before  you  show  that  it  has  been  necessary  in  some 
cases  to  carry  it  to  a  further  Court ;  that  that  is  not  quit 3 
sufficient. 

750.  That  the  treatment  of  the  watershed  should  be 
continuous? — Yes,  and  unifonn. 

751.  And  uniform  ? — Yes.  I  hope  I  have  made  myself 
clear.  If  you  consider  the  condition  of  the  river— the 
water  into  which  the  effluent  flows — ^you  have  difficulties 
at  once.  We  have  never  recognised  that,  I  do  not  think, 
in  any  of  our  cases  where  we  have  appeared  before  the 
Local  Government  Board,  that  we  have  laid  before  them 
any  analyses  of  the  river  water  ;  we  have  simply  taken  the 
effluent  itself,  per  se,  and  brought  evidence  to  show  that 
improvement  could  be  brought  about. 

752.  (Colonel  Harding.)  You  said  just  now  that  you 
desire  in  your  district  to  apply  uniformly  the  test  uf 
the  best  practicable  and  available  means  in  the  cose  of 
manufacturers  ? — ^Yes. 

753.  But,  surely,  yesterday  you  told  us  that  you  varied 
that  considerably ;  it  was  the  best  praoticable  and  avail- 
able means  for  the  particular  manufacturer? — ^Well,  for 
the  manufacturer,  yes. 

754.  So  that  it  was  by  no  means  uniform.  Then,  in 
the  case  of  a  manufacturer  who  had  not  room  to  pnt 
down  even  settling  tanks,  you  would  aUow  him  to  tvm 
his  effluent  absolutely  untreated  into  iftie  stream. 
Another  person,  in  the  same  trade,  who  hod  room,  would 
be  called  upon  by  you  to  put  down  considerable  works 
for  the  purification  of  that  effluent?— Yes. 

755.  Then  is  that  fair  to  the  two  manufacturers;  it 
certainly  is  not  uniform?— Of  course,  a  difficulty  arises 
then ;  the  manufacturer  is  either  compelled  to  leave 
the  district  or  the  sanitary  authority  must  take  him  into 
the  sewers.  Now,  with  regard  to  Manchester.  Man- 
chester is  a  densely  populated  district,  and  there  are 
many  manufacturing  works  on  the  banks  of  the  river 
within  ihe  area  of  the  town.  Now,  in  those  cases,  there 
are  many  instances  where  it  was  contemplated  and 
thought  that  the  manufacturer  would  suffer  severdy  by 
being  called  upon  to  purify  his  effluent  by  the  Mersey 
and  Irwell  Joint  Committee,  and  on  invcstigatmg  some 
of  these  cases,  we  found  practically  that  there  was  no 
land  available  for  the  purpose,  but,  on  the  manufac- 
turer applying  to  the  Corporation  and  by  meetinsfs  with 
the  Corporation,  the  Corporation  have  met  manufac- 
turers in  a  very  fair  manner,  and  many  of  them  have  got 
access  to  the  sewers.     Take  the  works  of  a  large  co.(.ur 
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manufacturer,  employing  a  great  number  of  men — a 
thousand  men — a  most  important  industry,  who  turned 
out  daily  250,000  ffallons  of  effluent,  he  was  called  upon 
by  the  Mersey  and  Irwell  Joint  Committee  to  purify  it. 
He  ^ent  an  enormous  amount  of  money  in  tanks  and 
attempts  to  purify  it;  his  effluent  was  still  unsatisfac- 
tory ;  his  effluent  was  condemned,  he  was  taken  before 
the  Court  and  he  was  fined,  an  order  made  that  he 
should  carry  out  still  further  works;  he  called  in  t^e 
best  experts  that  could  possibly  be  obtained,  they  gould 
do  nothing  for  him,  but  when  he  represented  his  case 
to  the  Corporation  of  Manchester  they  gave  him  facili- 
ties and  access  to  the  sewers,  and  that  source  of  pollu- 
tion was  removed,  benefiting  the  manufacturers  down 
below.  I  think  these  cases  are  very  exceptional ;  there 
are  vecy  few  instances  in  Manchesteri  in  the  whole  of 
Manchester  there  are  not  more  than  ten  cases  of  this  sort 
of  difficulty  arising. 

756.  Then  I  understand  that,  although  you  meet  with 
this  difficulty  and  you  evidently  make  allowance  for  it, 
at  present  you  aaree  that  manufacturers  in  a  certain 
area  ought  to  be  dealt  with  uniformly  ^— Oh,  certainly. 

757.  And  you  prefer  the  standard  of  the  most  prac- 
ticable and  available  means  because  that  is  a  growing, 
derebping,  ai^d  improving  standard  ?— Quite  so,  it  is  an 
improving  standard,  it  gives  fair  play  to  all  manufac- 
turers. 

758.  The  purification  of  sewM;e  by  intermittent  fil- 
tration on  land,  I  suppose,  is  of  a  similar  character  to 
the  purification  of  sewage  by  intermittent  artificial  fil- 
tration?— ^Yes,  just  the  same. 

759.  You  told  us,  this  morning,  that  you  considered 
artificial  filtration  could  be  workML  more  simply  by  un- 
trained labour  than  land  filtration? — ^Yes,  that  is  so. 

760.  And  that  there  were  means  of  automatic  aotioQ, 
which  further  simplified  tihe  work  with  artificial  filters? 


761.  How  18  it  then  ^at  you  told  us  yesterday,  in 
Tiew  of  the  fact  that  the  land  and  artificial  filtration  worked 
in  a  similar  way,  and  that  the  artificial  filters  are,  in 
your  opinion,  easier  to  work ;  you  still  consider  that 
tlie  results  of  land  filtration  are  uecessaiilj  better  Hian 
the  results  of  artificial  filtration?    Aasummg  even  that 


in  the  case  of  artificial  filtration  the  volume  of  sewage      Mr.  F. 
is  strictly  limited  to  what  is  considered  to  be  the  safe    s^<ifi^» 
limit  ?— Yes.  f.o.s^.i.c. 

762.  Why  should  you  not  be  able,  with  artificial  filters,  WJj^|y^- 
to  attiun  as  good  results  as  by  land  filtration? — ^You 

can  get  the  same  result  if  you  put  on  to  the  filter  the 
same  volume  of  water. 

763.  But  that  was  the  point  I  put  to  you  yesterday. 
Given  t^e  safe  working  limit  of  artificial  filters,  ought 
you  not  to  be  able  to  obtain  as  good  results  with  arti- 
ficial filters  as  with  land  filtration  ?— Yes ;  but  the  great 
advantage  that  an  artificial  filter  has  over  a  land  filter 
bed  is  that  it  can  pass  a  larger  volume  of  effluent 
through,  and  it  can  obtain  a  result  which,  in  my  opinion, 
is  satisfactory,  but  that  result  is  not  equal  to  the  result 
obtained  by  land. 

764.  Then  why  not? — Simply  because  in  the  case  of 
land  you  cannot  force  the  volume  of  effluent  through 
ihe  land. 

765.  Yes,  but  I  am  assuming  that  the  artificial  filter 
is  not  forced,  that  you  limit  the  volume  on  the  artificial 
filter  strictly  to  what  is  right  and  proper? — ^Yes,  weU 
then  it  would  depend  on  the  land.  If  you  were  to  put 
ten  gallons  on  a  land  filter  you  would  get  a  very  high 
purification ;  if  you  put  ten  gallons  on  an  artificial  filter 
it  would  depend  on  the  relationship  and  the  porosity, 
closeness  of  the  filter.  If  it  was  an  open  filter  you 
would  not  get  the  same  purification  as  with  a  close  filter. 

766.  But  do  you  not  think  thai  theoretically  you 
could  get  the  same  results  by  artificial  filters  as  from 
land  filtration,  seeing  that  artificial  filters  are  an  area 
specially  prepared  for  the  purpose? — ^You  see,  if  you 
make  an  artificial  filter,  and  you  make  it  more  porous, 
capable  of  taking  more  water  through  than  a  land  filter 
is  capable  of,  you  cannot  get  from  an  artificrlal  filter  area 
as  good  an  effluent  as  from  land  filtration  ;  it  depends  on 
its  closeness. 

767.  {Chairman.)  You  are  going  to  give  us  the  results 
of  some  experiments? — ^Yes,  of  filtration. 

768.  You  are  going  to  send  us  a  short  description  of 
the  experiments  so  far? — ^Yes,  the  whole  that  has  been 
done. 


Mr.  WnxiJLH  Henbt  Wilson,  ci^ed;   and  Examined. 


760.  {Ckairman,)  Yon  are  Deputy  Clerk  and  Solicitor 
to  the  Mersey  and  Irwell  and  Babble  Joint  Committees? 
— ^I  am,  and  have  occupied  this  position  ever  since  those 
Committees  were  constituted  under  the  provisions  of 
*'  The  Local  Government  BooaxI's  Provisional  Orders  Con- 
firmation (No.  10)  Act,  .1891." 

769*.  Oan  you  put  in  a  general  statement  giving  an 
account  of  the  two  watersheds  and  the  work  of  the  two 
Committees?— In  the  Mersey  and  Irwell  watershed,  tac 
population,  rateable  value,  and  number  of  manufactories 
over  which  the  Comouittee  have  supervision  are  as  follows : 

Population.  Rateable  Value. 

7  County  Boroughs      ...     . 
11  Non-County  Boroughs 
02  Urban  Difltrict  Councils  . 
10  Rural  District  Councils  . 


£.    s.   d. 

1,179,331  . 

..  5,214,252  5  - 

294,677  . 

..  974,411  13  3 

639,620  . 

..2,674,721  -  1 

122,313  . 

..  867,523  8  - 

90 


2,235,941  ...  9,731,008    6  4 


Number  of 
Manufacturing  Works.  Population. 

Rivers  Irwell  and  Roach     ...       278    1,015,602 

River  Irk       43    308,786 

River  Medlock  ...        21     273,550 

River  Mersey  68    638,003 
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2,235,941 


The   district   within   the   jurisdiction   of  the  Kibble 
Watershed  Joint  Committee  comprises — 

County  Boroughs        4 

Non-County  Boroughs  7 

Urban  Districts  24 

Bural  Districts  8 


Total  number  of  Authorities 
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The  population  (tf  these  districts  is  estimated  at 
1,000,000  persons,  and  the  rateable  value  at  £3,767,812, 
and  the  number  of  manufactories,  69. 

1213. 


The  area  of  the  Mersey  and  Irwell  watershed  is  662 
square  miles,  and  of  the  Ribble  watershed  544  square 
miles.  The  former  is  drained  by  the  Rivers  Mersey  and 
Irwell  and  their  tributaries,  the  Croyt,  Etherow,  Tame, 
BoUin,  Boach,  Ihr,  Medlcok,  and  the  latter  is  drained  by 
the  River  Bibble,  and  its  tributaries,  the  Calder,  Hodder,. 
Darwen,  and  Douglas  ;  the  total  length  of  streams  being, 
about  453  miles. 

Both  the  authorities  are,  under  the  Aot  of  Parliament 
which  oonstitultes  them,  sanitary  authorities  under  and 
for  .the  purposes  of  "The  Rivers  Pollution  Prevention 
Act,  1876/' 

In  1802  it  was  considered  by  the  Mersey  and  Irwell 
Joint  Commaittee  that  the  provisions  c^  the  1876  Act 
were  difficult  of  application,  and  they  therefore  applied 
to  Parliament  for  further  powers.  ''The  Mersey  and 
Irwell  Joint  Committee  Act,  1892,^'  was  passed  in  due 
course,  and  received  t^e  Royal  Assent  on  the  27th  June 
in  that  year. 

Recent  experience,  however,  has  shown  that  "  The 
Rivers  Pollution  Prevention  Act,  1876,"  can,  in  man} 
instances,  be  administered  with  extremely  satislaotoiy 
results;  and  there  is  no  doubt  that  some  of  the  pro- 
visions  of  that  Aot  are,  from  the  point  of  view  of  an 
authority  like  the  Mersey  and  Irwell  Joint  Committee, 
superior  to  some  of  those  contained  in  the  later  statutes* 

For  example — Section  8  enacts  that  ''Every  sanita:/ 
"authority  shall,  subject  to  the  reetrictBons  in  this  Ac\ 
"contained,^  have  power  to  enforce  the  piovieions  of 
"this  Act  in  relation  to  any  stream  being  within  or 
''passing  through  or  by  any  part  of  their  district,  and 
"for  that  purpose  to  institute  proceedings  in  respect  of 
"any  oflfence  against  this  Act  which  causes  interference 
"with  the  due  flow  within  their  district  of  any  such 
"stream,  or  the  pollution  within  their  district  of  any  such 
"stream,  against  any  other  sanitary  authority  or  per- 
"  son,  whether  such  offence  is  committed  within  or  with- 
"out  the  district  of  the  first-named  sanitaiy  authority." 

This  is  a  provision  which  is  not  contained  in  the 
Mersey  and  Irwell  Aot  of  1802,  or  the  Wertj  Riding  of 
Yorkshire  Rivers  Act,   1804;    and  in  the  case  of  the 
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Mr,  w.  H.  Mersey  and  Irwell  Joint  Committee  it  has  been  found 
^^**^-     ith  extremely  useful  provision  ;  for  most  of  the  streams, 

rtJolylSD?.  wliich,  after  their  confluence,  eventually  become  the 
rivers  Mersey  and  Irwdll,  rise  outside  the  jurisdiction 
of' the  Joint  Committee;  as,  for  instance,  the  Tame  in 
l^e  West  Riding  of  Yorkshire,  and  the  Goyt  and  the 
'Ethmow  in  the  county  of  Derby;  and  these  streams 
are  very  largely  polluted  by  manufacturies  and  local 
ioldioritieB  in  those  -countiee.  In  order  to  remedy  this 
'fliMe  of  affairs,  a  c^nndervble  ni>mfoer  of  actions  have 
been  taken  ^gainat  ishese  offenders,  jMirtieularly  in  i>ne 
larMer  county. 

"Hie  f6l'loiwing  shotrsr  in' tabular  form  the  number  of 
actions  which  have  been  taken  by  the  two  Joint  Com- 
mittees, and,  if  required,  particulars  can  be  furnished 
qI  the  effect  of  the  proceedings  in  each  case :  — 

Mebset  and  Ibwell  Joint  Comhittee. 
"Mersey  and  Irwell  Joint  Committee  Act*  1892." 

Local  Authorities. 

yttmber  of  Authorities  Prosecuted         47 

Number  of  Oiders  obtained        42 

Kumber  of  Cases  withdrawn        2 

Num^ber  struck  out           2 

Nirm'ber  dismissed              1 

Penalties  obtained  for  non-compliance  with  the 

Orders  of  Court          4 

Of  the  above  Authorities,  8  have  had  1  extension  of 
the  Order  of  Court. 

Of  the  above  Authori<tie8,  3  have  had  2  extensions  of 
-the  Order  of  Court. 

•  Of  the  above  Authorities,  4  have  had  3  extensions  of 
the  Order  of  Court. 

Of  the  above  Authorities,  2  have  had  4  extensions  of 
the  Order  of  Court. 

Of  the  above  authorities,  1  has  had  5  extensions  of 
the  Order  of  Court. 

Of  th^  above  AutSiorities,  1  has  had  8  ettensions  of 
•thd  Order  of  Court. 


.\\..^\  i^i*. 


Manufacturers. 

Application  has  been  made  t6  tl)e  Xoeal 
-     '  Government  Board  for  leave  to  take 

proceeding^  in...       "../     '   ...  ' 
Consent    given    by    Local    Government 
•  I  x^oarcL ' Up  «..°        .•«•       .••        •«•• 

Consent  not  given  by  Local  Grovernment 

Board  in  ...        ... 

'Consent  withheld  on  Joint  Committee's 

own  application  in     


33  cases. 
30     ., 

2 

1 


»> 


9> 


•Proceedings  taken  «agaaaBt  18  finns  or  manolaofcarerB. 

Orders  of  Court  obUined  against  17  firms  or  mana- 
faoturers. 

Case  dismissed,  1  firm  or  manufacturer. 

Penalties  were  obtained  against  1  firm  for  disobeying 
the  Order  of  Court. 


''Kivers  Pollution  Prevention  Act,  1876." 

Local  Authoriities. 

Under  this  Act  proceedings  were  taken  by  the  Joint 
Committee  against  two  authorities  outmde  their  jurisdic- 
tion (Glossop  and  New  Mills),  and  Orders  of  Court  were 
obtained  in  each  case. 

The  Joint  Committee  have  also  taken  proceedings  under 
the  Act  against  three  Local  Authorities  within  the  water* 
shed,  namely,  the  Salford  C<Mporation,  Stockport  Corpora- 
tion, Cheadle  and  Gatley  Urban  District  Council,  and 
have  obtained  an  Order  of  Court  in  each  case. 


Manufacturers. 

Applications  to  Local   Government   Board  for 

leave  to  take  proceedings      

Consent  given  by  Local  Government  Board  ... 

Proceedings   taken  ...        

Orders  of  Court  obtained  

Solid  Pollution. 

Authorities  fined      ...        ...        •••        ...         •». 

Kmployees   fined 
^fanufaoturcrs  fined 
ISmploy^es   fined 


5 

*5 
2 
2 


4 

3 

7 

12 


BiBBL9  Joint  Committee. 

« 

I  Local  Authorities. 

Proceedings  ha^e  been  taktJn'agaiiist' 20  Local' A«thtfti- 
ties. 

Orders  obtained  against  12  Local  Authorities. 

Cases  withdrawn,  6  Local  Authorities. 

Adjourned  sine  die^  2  Local  Authorities. 

Penalties  for  non-compliance  with  the  Orders  of  Court 
have  been  obtained  in  two  cases. 

Manufacturers. 

.  Applications   to  Local   Government   Board  for 

leave  to  take  proceedings      26^ 

Consent  given  by  Local  Government  Board  ...    24. 
Consent  refused  by  Local  Government  Board 

(^nted  uDon  a  second  application) 

Decision  pending 

Proceedings   taken  

Orders  of  Court  obtained  

J^  wXlvlXXlIf  ••■  •••  *••  •••  ••«  ••• 

Solid  Pollution. 


1 
1 
7 
5 
2 


Proceedings  taken  in  4  cases. 

Order  of  Court  obtained  in         ...         1 

Withdrawn  upon  given  undertaking      1 

Dism'jssed  (appeals  now  pending)         2 

From  experience  gained  in  the  before-mentioned 
actions,  it  would  appear  that  the  method  or  methods  of 
treeting  and  disposing  of  sewage  to  be  adopted  by  a 
locail  authority  should,  in  certain  instances,  be  varied 
by  the  fact  as  to  whether  -or  not,  and  {if  so)  in  what 
propoa:tioa  the  iiouids  from  fedtories  or  manufacturing 
processes  are  admitted  into  the  seifen.  In  this  mstter, 
Section  7  of  **The  Bivers  Pollution  Prevention  Act, 
1876,"  enacts  as  f6llows: — ; 

**  Every  sanitary  or  other  local  authority  having  sewers 

'f  under  their  control  shall  give  facilities  for  ensbling 

•  ''^  manufacturers  •  within  •  their  -district  to  'carry  .the  liquids 

''prooeeding  from  .their  factories  or  manufactucing  pro- 

''  cesses  into  sueh  sewers  : 

"PMfided'tbat  i^is  tieetioii  shall  ndt  eactend  to  ooni- 
**  pel  imy  ss^itAry  or  oUier  leoal  atffeiieiity  to  admit  into 
**  their  sewers  any  liquid  which  would  prejudicially  affect 
^'-Buch  sewers  or  the  dii^esal  by  sale,  appucation  to  land, 
''or  otherwise,  of  the  sewage  matter  conveyed  along 
''audi  sewers,  'or>  winclit  would  .from  ite tttampeiattt»e  or 
"othemrase  be 'injurious  in  a  saintaty  «point  ^  viow:    . 

"Provided  also,  that  no  sanitary*  aul^ority  shall  be 
'*  required  to  give  such- facilities  as' 'aforesaid '  where  ttie 
"sewers  of  'such  'authority  are* only  sufficierit  for  the 
"requirements  of  their  district,  nor  where  sndh  faciH- 
"  ties  would  inteif  ere  with  any  order  of  any  oourt  of  oom- 
"petent  jurisdiction  respeoting  Otie  sewage  of  sndi 
"authority." 

It  wiU  be  observed  that  no  such  similar  enactment  is 
contained  in  "The  Mersey  and  Irwell  Joint  <!)oimnxtb6e 
Act,  1892,"  or  "The  West  Riding  of  Torkshize  Bivere 
Act,  1894,"  and  undoubtedly  wisely  so;  for  in  the  first 
place  it  wotdd  appear  that  even  with  the  provisions  of 
the  B-ivers  Pollution  Act  in  force  it  is  extremelv  diffi- 
cult to  compel  a  local  authority  to  admit  ^e  liquids 
proceeding  from  the  fadx>ries  within  their  district 
into  their  sewers  in  case  they  are  unwilling  to  do  so 
{vide  Peebles  v,  Oswaldtwist^e  Urban  District  Council). 

In  some  instances,  no  doubt,  as  in  the  case  of  Wol- 
verhampton and  other  districts  where  there  are  large 
galvanising  works,  the  admission  of  such  trade  effluents 
into  the  sewers  has  caused  an  enormous  amount  ol 
trouble  and  expense  to  the  authority  in  treating  their 
sewage.  In  this  matter,  to  quote  further  instances, 
Manchester  and  Salford  may  be  given  as  typical 
examples.  Orders  of  Court  have  been  obtained  against 
both  these  authorities  at  the  instance  of  the  Mersey 
and  Irwell  Joint  Committee  which  have  not  as  yet  been 
obeyed,  and  one  of  the  iirincipai  arguments  to  the  .  omt 
Committee  for  this  reason,  apart  fimn  the  requirements 
of  the  Local  Government  Botuxl  as  to  the  purcmase  of  an 
adequate  area  of  land  for  the  filtration  of  the  sewage, 
is  generally  that,  owing  to  the  enormous  volume  of 
manufacturers'  effluents  which  comes  down  to  their 
respective  outfall  works,  in  an  intermittent  manner,  and 
of  a  character  varying  from  hour  to  hour,  this  places 
great  difficulties  upon  the  authorities  to  know  exactly 
how  they  are  to  treat  their  effluent,  for  they  state  that 
a  certain  amount  of  precipitant  added  during  one  given 
period  of  time  which  would  probably  then  give  a  good 
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resoli,  1m»  perh&pB  at  the  next  moment  v&cy  little  value 
from  a  punfication  point  of  view  owing  to  the  change  in 
the  nature  and  £o<w  of  the  effluent. 

It  appears  to  be  a  fact,  however,  that  certain  manu* 
facturera'  waste  liquor  might,  with  advantage  to  the  firm 
eomcemed,  and  in  particular  to  the  Conservancy  Boards 
and  other  Authorities  which  are  charged  with  the  prevent 
tion  of  Bivers  Pollution,  be  admitted  into  the  different 
public  sewers,  and  this  particularly  refers  to  the  effluents 
eoming  from  fellmongers,  tanneries,  and  breweries.  The 
cdnstitueni  parts  of  these,  from  a  chemical  point  of  view, 
appear  to  closely  resemble  those  of  domestic  sewage,  and, 
as  they  can  be  purified  by  practically  the  same  method  of 
treatment,  it  would  seem  advantaflreous  for  facilities  in  tnat 
direction  to  be  given.  In  the  Bibble  Watershed,  the  town 
of'  Colne  may  be  stated  as  one  which  has  recently  allowed 
the  tanners  of  the  district  to  couple  up  with  the  outfall 
works  and  have  their  effluents  treated  there — a  step  which 
has  caused  an  immense  improvement  to  the  river,  as  none 
of  these  works  had  anything  like  satisfactory  piirific^iritiu 
works  themselves,  or,  in  fact,  facilities  for  putting  the 
same  down.  In  the  case  of  the  Borough  of  Clitheroe  also, 
in  their  nenv  sewage  scheme,  they  nave  permitted  the 
various  breweries  to  be  connected  with  the  sewers. 

Standards. 

With  reference  to  the  question  of  Standards,  the  battle 
raged  thereon  appears  to  be  one  for  chemical  more  than 
for  legal  opinion ;  but  it  will  be  readily  understood  that, 
in  the  large  number  of  cases  which  have  been  brought  in 
both  watersheds  during  the  past  six  years,  the  question 
has  been  raised  over  and  over  again  in  different  forms, 
and  from  this  it  is  evident  that  it  will  be  extremely  difficult 
to  fix  an  arbitrary  Standard,  even  such  a  one  as  that  sug- 
gested by  the  late  Bivers  Pollution  Commissioneis,  and  for 
two  reasons: — 

1.  That  some  works,  which  are  advantageously 
situated  both  as  regards  having  land  and  other 
facilities  for  the  erection  thereon  of  efficient  purifi- 
cation plant,  do  obtain  a  better  result  than  the 
Standard  proposed  to  be  fixed  by  the  said  Com- 
missioners. 

2.  That  there  are  a  larse  number  of  manufacturers, 
and  in  fact  may  be  of  local  authorities  who,  owing 
to  the  want  of  space,  tank  room,  and  other  facilities, 
are  unable  to  attain  to  such  a  proposed  degree  of 
purity. 

With  regard  to  the  methods  of  treatment,  I  would  point 
out  that  the  reports  which  Mr.  Tatton  and  others  have  pre- 
sented show  that  where  suitable  land  can  be  obtamed, 
which,  in  the  rirt  of  England  referred  to  is  only  to  be 
done  in  isolated  cases,  no  doubt  the  best  results  can  be 
thereby  gained  from  a  purification  point  of  view.  Of  this 
the  gentleman  referred  to  will  be  better  able  to  speak  than 
I  am,  but  I  should  like  to  state  here  the  difficulty  which 
the  two  Joint  Committees  have  in  many  instances  been 
met  with  where  land  has  been  purchased,  name'.y,  that  at 
one  time  maxry  Authorities  sublet  the  farms  which  have 
been  obtained  for  irrigation  purposes.  Of  course  these, 
as  soon  as  they  were  in  the  hands  of  tenants,  were  farmed 
more  for  profit  than  for  sewaee  disposal,  and  recent  in- 
stances may  be  jfiven  in  proof  of  this  in  the  case  of  tiie 
Urmston  and  Fhxton  Joint  Drainage  Committee,  who, 
during  the  past  month,  while  the  farmer  to  whom  they  had 
sold  the  hay  for  £7  has  been  getting  and  stacking  the  same, 
discharged  the  raw  effluent  without  treatment  into  the 
Manchester  Ship  Canal,  and  they  were  therefore  sum- 
moned before  and  fined  by  Mr.  J.  M.  Tates,  the  Stipen- 
diary Magistrate  sitting  at  Manchester,  for  this  verv 
offence.  That  is  a  case  within  the  Mersey  and  Irwell 
Watershed.  In  the  Bibble  Watershed  a  similar  instance 
occurred  last  month,  when  a  deputation  from  the  Onnskirk 
Urban  Council  only  avoided  proceedings  being  taken 
against  them  by  undertaking  at  an  early  date  to  obtain  the 
control  of  their  land  by  taking  it  out  of  the  hands  of  the 
tenant  and  using  it  in  a  proper  manner  for  the  disposal  of 
sewage. 

The  Consulting  Sub-<?ommittee  of  the  Mersey  and  Irwell 
Joint  Committee,  who  have  charge  of  the  steps  to  be 
taken  with  reference  to  the  pollution  arising  from  sewage 
works,  also  presented  the  following  report  to  the  Joint 
Committee,  on  the  2nd  November,  1896,  upon  the  sub- 
ject:— 

Supplement  to  the  Beport  of  the  Mersey  and  Irwell 
Consulting  Sub-Committee. 

Ths  Consulttng  Sub-Committee  presented  the  following 
supplementary  Beport : — 

**As  there  seems  to  be  some  misapprehension  with  re- 
gard to  the  princii^ee  upon  which  the  Mersey  and  Irwell 
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Joint  Committee  are  acting,  and  their  methods  of  ai  _  _ 
those  principles,  the  Sub-Committee  consider  it  saTisable 
to  make  a  snort  statement. 

"  First,  it  is  desirable  to  call  attention  to  the  fact  that 
no  definite  standard  of  purity  I910  been  adopted,  and  the 
members  of  the  Joint  OHnmittee^  on  reference  to  the  pro- 
ceedings, will  find  that  so  far  back  as  December,  1891,  on 
the  recommendation  of  Sir  Henry  Boscoe,  a  resolution  was 
passed  stating  that  it  was  undesirable  to  define  the  maxi- 
mum amount  of  pollution  to  be  allowed,  bo^  to  insist  upon 
the  best  practicable  and  available  means  being  used  in 
each  case,  whether  a  Sanitaiy  Authority  or  a  Manufactory. 

'*  Further,  in  the  proceemngs  of  November  5th,  1894, 
page  312,  it  will  be  found  that  Sir  Henry  Boscoe  again 
stated  '  it  must  be  distinctly  understood  that  the  standards 
named  are  only  adopted  for  the  purpose  of  criticising  and 
comparing  the  results  in  these  particular  cases,  and  must 
not  be  tdcen  as  definite  standards.'' 

"  Up  to  the  present  time  the  Sub-Committee  have  al- 
vrays  acted  upon  those  principles,  and  have  had  before 
them  the  results  of  over  1,000  analyses  of  samples  of 
sewage  effluents  taken  under  varying  circumstances  and 
conditions  from  the  sewage  works  in  the  watershed.  It 
is  clear  from  the  consideration  of  these  analyses  that  in 
order  to  render  the  water  fit  to  go  into  the  stream  by  the 
removal  of  the  soluble  putresciblc  organic  matter,  in  other 
words,  to  prevent  secondary  decomposition,  the  amount 
thereof  must  be  reduced  to  the  limits  referred  to  in  the 
November  Beport  of  1894. 

"  These  limits  of  impurity  are  based  upon  experimental 
evidence  proving  that  an  effluent  below  or  up  to  them 
would  not  putrefy  when  discharged  into  small  streams  or 
into  sluggisn  waters,  such  as  the  Manchester  Ship  Canal,, 
but  above  them  putrefaction  would  arise,  and  it  may  be- 
observed  that  at  all  sewage  works  in  the  watershed  where 
only  chemical  treatment  is  adopted  the  effluent  is  almost 
invariably  above,  and,  on  the  other  hand,  where  sewage- 
works  adopt  filtration  the  effluent  is  below  those  limits. 

"  The  Sub-Committee  have  never  laid  down  a  hard  and 
fast  line  with  regard  to  the  use  of  any  particular  ^d  of 
purification  plant,  and  have  accepted  effluents  from  pre- 
cipitation plant  alone  where  thev  have  proved  satisfactory. 
Precipitation  processes,  as  a  rule,  can  only  be  relied  upon 
as  capable  of  removing  at  iJie  utmost  two-thirds  of  the 
organic  matter,  whereas  in  good  filtration  methods  from 
four-fifths  to  nine-<tenths  of  the  whole  can  be  removed. 

"  Before  proceedings  are  directed  other  chemical  details 
and  investigations,  in  addition  to  the  limits  of  impurity, 
are  carefully  considered. 

"  It  has  been  suggested  that  effluents  from  precipitation 
tanks  alone  should  be  accepted.  To  do  so  would,  in  the 
opinion  of  the  Sub-Committee,  render  the  work  of  the 
Joint.  Committee  futile  and  its  continuance  nnnecessaiy. 
The  object  for  which  the  Joint  Committee  was  constituted 
was  for  the  express  purpose  of  cleansing  the  rivers  within 
its  district  from  their  polluted  and  filthy  condition,  and 
if  that  purpose  is  to  be  limited  to  the  removal  of  the  solids 
in  suspension,  leaving  the  soluble  putrescible  oxganio 
matter  liable  to  secondary  decomposition  present  in  the 
effluents,  not  only  will  the  provisions  of  the  Bivers  Pollu- 
tion Acts  be  contravened  but  the  condition  of  the  rivexs 
must  for  ever  remain  prejudicial  and  hurtful  to  the  health 
and  well-being  of  the  inhabitants  in  the  watershed. 

''T.  W.  KiLLlCJK, 

"Manchester,  2nd  November,  1896.  Chairman." 

Upon  this  report  the  following  resolution  was  passed  :•— 
"  Besolved^Th&t  the  same  be  adopted  and  be  printed 
with  the  proceedings,  and  that  copies  thereof  be  sent  to 
all  the  Local  Authorities  and  Manufacturers  in  the  water- 
shed." 

Artificial  Treatment. 
The  question  of  the  treatment  of  sewage  by  precipita^ 
tion  and  subsequent  filtration  in  filters,  other  than  of  land, 
and  of  diff'erent  constructions  has  been  considered  by  the 
Joint  Committee  from  time  to  time,  and  on  the  6th  July 
1897,  they  forwarded  the  following  reports  to  the  Local 
Government  Board,  and  requested  them  to  receive  a  depu- 
tation upon  the  subject : — 

"10,  Bramham  Gardens, 

"WetherbyBoad,  S.W., 

"  May  26th,  1897. 
"To  the  Consulting  Sub-Committee. 
"  Gentlemen, 

XV  "^m*^®  pleasure  in  reporting  to  your  Committee  as  to 
the  efficiency  of  the  results  obtained  in  the  treatment  of 
sewage  by  precipitation  and  artificial  filtration. 

"I  am  of  opinion  that  the  adoption  of  artificial  filters  is 
a  move  in  the  right  direction,  especiaUy  in  the  case  of  hrg^ 
o  2 


,Mr.  W.  H. 
Wiimm, 
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Mr.  w.  a.   towns  having  difficulties  in  acquiring  sufficient  area  of  land 
wum.     and  of  a  suxcable  character  for  the   purification  of   its 
18  July  1898.  sewage. 
"  Land  filtration,  so  far  as  the  chemical  results  are  con- 
cerned, is  superior  to  artificial  filtration.    Unfortunately, 
however,  the  volume  of  effluent  that  can  be  treated  per- 
manently on  land  is  small  as  compared  with  the  volume 
that  can  be  filtered  by  artificial  filters. 

''I  have  had  the  advantage  of  carrying  out  important 
trials,  extending  over  a  period  of  seventeen  months,  with 
filters  made  both  of  cinders  and  of  coke  for  the  Rivers 
Committee  of  the  Manchester  Corporation,  and  the  results 
have  been  of  a  satisfactory  character.  The  effluent  sub- 
mitted to  filtration  had  previously  been  treated  with  milk 
of  lime  and  copperas.  The  volume  of  such  effluent,  which 
an  acre  of  filter  was  able  to  deal  with  continuously,  was 
about  800,000  gallons  per  day.  It  remains,  however,  to 
ascertain  how  long  these  filters  will  work  satisfactorily 
before  requiring  renewal  of  a  part  or  the  whole  of  their 
contents,  and  this  is  a  cardinal  point. 

**  Artificial  filters  have,  in  some  instances,  been  adopted 
at  sewage  works  under  the  jurisdiction  of  your  Committee, 
and  the  failures  which  have  frequently  attended  their  use 
are  traceable  to  the  non-compliance  with  the  conditions 
which  are  essential  for  successful  and  permanent  purifica- 
tion. Quoting  from  my  report  to  the  Bivers  Committee 
of  the  Manchester  Corporation,  dated  April,  1896,  I  said  : 
— 'The  conditions  essential  for  successiul  purification  by 
filtration,  viz.,  the  conversion  of  the  organic  carbon  and  of 
the  organic  nitrogen  in  the  sewace  into  inorganic  mattei^ 
have  long  been  recognised  and  advocated,  but,  I  am  sorry 
to  add,  generally  ignored  in  practice.' 

'*The  Bivers  Pollution  Commission,  26  years  ago, 
pointed  out  that  in  filtration,  whether  through  sand,  gravel, 
«halk,  or  soil,  or  a  mixture  of  chalk  and  sand,  it  was  essen- 
tial that  the  atmospheric  oxyeen  should  have  frequent  and 
free  access  to  the  interior  of  the  filter,  and  that  the  effluent 

.  should  flow  freely  off  from  the  bottom  of  the  filter,  so  that 
as  the  last  portion  of  each  dose  of  sewage  water  sinks  into 
the  filter  it  may  draw  atmospheric  air  into  the  pores  of  the 
material  from  the  surface  downwards.  The  subsequent  re- 
searohee  of  Messrs.  MUntz  and  Schloesing  In  x  ranee,  and 
of  Professor  Warington  in  this  country,  have  shown  that 
purification,  as  defined  above,  is  brought  about  by  the 
intervention  of  micro-oiganisms.  Professor  Warington 
has  also  pointed  out  (14  years  ago)  that  sewage  contains 
the  micro-organisms  necessary  for  its  own  destruction,  and 
that,  under  favourable  conditions,  these  may  be  so  culti- 
vated as  to  effect  the  purpose,  provided  the  filter  is  well 
supplied  with  air  requisite  for  the  dischaige  of  their  func- 
tions, and  also  that  sufficient  lime  be  present  to  combine 
with  the  nitric  acid,  otherwise  the  process  of  nitrification 
is  stopped.  The  results  of  the  experiments  made  by  the 
American  chemists  (1891)  of  tiie  Massachusetts  Board  of 
Health  confirm  the  above  statements,  for  they  state  that— 
'  The  purification  of  sewage  by  intermittent  filtration  de- 
'  pends  upon  oxygen  and  time :  all  other  conditions  are 
^  secondary.     Temperature  has  only  a   minor  influence : 

' '  the  organisms  necessary  for  purification  are  sure  to  estab- 

*  lish  themselves  in  a  filter  before  it  has  long  been  in  use. 
'Imperfect  purification  for  any  considerable  period  can 
"*  invariably  be  traced  either  to  a  lack  of  oxygen  in  the  pores 
'  of  the  filter,  or  to  the  sewage  passing  so  auickly  through 
'  that  there  is  not  sufficient  time  for  the  oxioation  processes 
'  to  take  place,    .-vny  treatment  which  keeps  all  particles 

*  of  sewage  distributed  over  the  surface  of  sand  particles, 

*  in  contact  with  an  excess  of  air  for  a  sufficient  time,  is 
'  sure  to  give  a  well  oxidised  effluent,  and  the  power  of  any 
'material  to  ptuify  sewage  depends  almosfc  entirely  upon 
Mts  ability  to  ho^d  the  sewage  in  contact  with  air.  It 
'must  hold  both  sewage  and  air  in  sufflcient  amounts. 
'  Both  of  these  qualities  depend  upon  the  physical  charac- 
'  teristics  of  the  material.  The  ability  of  a  sand  to  purify 
'sewasfe,  and  also  the  treatment  required  for  the  best 
'results,  bear  a  very  close  relation  to  its  mechanical 
^  composition.* 

"  The  difflculty  of  the  subject  lies  not  of  course  with  the 
smaller  authorities.  Thus  out  of  54  limitary  Authorities 
reported  upon  this  month,  37  are  satisfactory ;  and  all  of 
these,  with  the  exception  of  Oldham,  which  is  not  com- 
pletely connected  up,  are  small  ones ;  and  in  these,  land 
filtration  (16  cases),  or  artificial  ffltration  (19  cises),  or 
tank  precipitation  alone  (2  cases),  have  yielded  a  satis- 
factory result.  It  is  where  we  have  to  dpal  with  large 
populations  that  the  difficulty  becomes  great,  because  the 
data  upon  which  conclusions  as  to  the  practical  and  per- 
manent efficiency  of  artificial  filtration  on  a  large  scale  is 
yet  wanting.  To  obtain  such  data,  I  advised  the  Bivers 
Committee  of  the  Manchester  Corporation  to  carry  out 
artificial  filtration  on  a  considerably  larger  s?ale  than  ha  I 
hitherto  been  the  case. 

"BEbnby  E.  Bosooe. 


'  "  Manchester, 

"  May  26th,  1897. 

"To  the  Consulting  Sub-Committee. 

"  Gentiemen, — 

"  In  accordance  with  a  resolution  of  the  Committee  thai 
a  special  report  be  prepared  on  the  results  obtained  by  the 
twatment  of  sewage  by  precipitation  and  filtration  at  the 
various  works  in  the  watershed  where  this  method  of  treai- 
ment  is  adopted,  I  beg  to  report  as  follows : — 

"  The  total  number  of  Authorities  using  this  method  of 
treatment  represents  a  population  of  about  172,090,  and 
the  results  obtained,  as  gauged  by  the  analyses  of  saoiples 
taken,  are  satisfactory  in  about  86,000,  or  one-half  of  the 
total ;  this  seems  a  smaU  proportion,  but  if  the  matter 
is  looked  into  it  is  evident  that  the  filters  which  have  failed 
have  had  littie  chance  of  success  from  the  outset,  either  in 
consequence  of  the  tank  effluent  which  is  put  on  them 
being  insufficiently  precipitated,  in  consequence  of  the 
filters  being  badly  constructed  or  mismanaged,  or  in  con« 
sequence  of  the  area  being  too  small  to  deal  with  the 
volume  of  sewage.  One  or  other  of  these  reasons  has,  in 
my  opinion,  been  the  cause  of  failure  in  every  case  where 
precipitation  and  filtration  has  been  attended  with 
unsatisfactory  results. 

**  The  experiments  on  a  considerable  scale  which  have 
been  made  hj  Sir  Henry  Boscoe  at  the  Manchester  works, 
oy  Mr.  Dibdin  in  London,  and  by  Mr.  Corbett  in  Salford, 
clearly  demonstrate  the  possibility  of  treating  the  sewage 
of  large  towns  by  artificial  filtration  if  a  sufficient  area  of 
filter  beds  be  used. 

"  There  seems,  therefore,  to  be  ample  evidence  to  show 
that  if  filters  are  constructed  to  conform  with  the  principles 
which  have  been  laid  down  that  satisfactory  results  may  be 
obtained. 

"  It  is,  however,  necessary  not  to  lose  sight  of  the  fact, 
which  would,  I  think,  be  supported  bv  high  scientific  evi- 
dence, that  if  suitable  land  is  obtainable,  ^tration  through 
land  is  the  most  permanent  and  satisfactory  method  of 
treatment.  This  is  fuUybome  out  by  the  experience  on 
the  Mersey  and  Irwell  Watershed,  where  the  proportion 
of  works  with  land  treatment  giving  satisfactory  results  is 
considerably  higher  than  those  with  artificial  filtration. 

"  Failure  with  land  treatment  has,  in  several  cases,  taken 
place,  but  these  failures  again  are  attributable  either  to 
the  land  being  unsuitable  to  the  purpose,  to  its  being  im- 
properly laid  out  or  badly  managed,  or  to  the  volume  of 
sewage  turned  on  to  it  bemg  greater  than  it  can  deiJ  with. 

''  The  reasonable  view  to  be  taken  of  the  matter  seems 
to  be  that  instead  of  any  hurd  and  fast  rule  being  laid 
down,  each  case  should  be  treated  on  its  own  merits ;  thai 
if  suitable  land  can  be  obtained  it  should  be  used,  but  that, 
if  it  cannot  be  got  artificial  filters  should  be  sanctioned, 
but  with  stringent  restrictions  as  to  the  volume  of  sewage 
allowed  on  a  given  area. 

"I  am, 

"Your  obedient  Servant, 

"B.  A.  Tattox." 

On  the  21st  of  July  the  deputation  appointed  for  that 

Surpose   duly    attended  before   the   Local  Government 
loard,  and  no  doubt  full  details  of  the  interview  have  been 
given  to  the  Commissioners  by  Mr.  Tatton. 

Owing  to  the  short  time  at  my  disposal,  and  the  pressure 
of  other  work,  it  has  been  impossible  to  go  into  minute 
details  of  the  various  legal  chemical  and  technical  points 
raised  with  reference  to  what  are  and  what  are  not  the 
best  methods  of  treating  and  disposing  of  the  liquid  from 
manufacturing  processes  consistentiy  with  due  renard  to 
the  re(j[uirement8  of  the  existing  law ;  and  if  fuiSier  in- 
formation is  wanted  upon  this  suDJect  I  shall  be  pleased  to 
draw  comparisons  of  the  various  points  raised  as  before 
indicated,  and  to  show  from  a  leg^  standpoint  what  de- 
cisions have  been  given  in  Courts  of  Summary  Jurisdic- 
tion, Courts  of  Quarter  Sessions,  County  Courts,  Queen's 
Bench  Division,  and  Divisional  Courts  upon  this  subject, 
for  there  is  no  doubt  that  the  decisions  vary  according  to 
the  relative  facts  in  each  case. 

770.  What  is  that  case,  Peebles  v.  Oswaldtwistle  Urban 
Difltiiot  Council  ?— l^at  was  a  case,  my  Lord,  by  which 
a  certain  firm  of  manufacturers,  named  Peebles  and  Co., 
who  carry  on  the  business  of  white  paper  mills.  White 
Ash,  within  the  district  of  the  Oswaldtwistle  Urban  Dis- 
trict Council,  sought  to  compel  the  Council  to  admit 
the  effluents  from  their  works  into  the  sewers.  The 
matter  was  first  of  all  taken  before  the  late  Mr.  Justice 
Charles,  and  he  held  that  an  action  by  mandamus  would 
lie  against  a  local  authority  to  crive  facilities  for  the 
rdni'ssion  of  a  r^i'^ufa'^tn'-p'-'s  effl^'ent  int-n  the  sewers. 
That,  however,  was  appealed  against  by  the  authority, 
and    the    Court    of    Appeal    held    that    Mr.    Justice 


MINUTES   OF  EVIDENCE. 


53 


Charles  was  wrong,  and  that  no  mandamus  would  lie, 
but  that  Messrs.  Peebles  had  the  remedy  prescribed 
by  the  Aot  of  1875,  namely,  to  go  to  the  Local  Govem- 
m'ent  Board  and  report  the  Council  for  not  having  pro- 
perly provided  the  district  with  sewers  to  provide  for 
the  drainage.  That  decision  was  recently  practically  up- 
Jteld  bv  the  House  of  Lords. 

771.  It  has  been  upheld  by  the  House  of  Lords? — ^It 
has  been  upheld  by  the  House  of  Lords. 

772.  There  is  no  question  of  appeal  there? — ^There  is 
no  question  of  appeal  there. 

773.  Then  is  it  settled  that  the  Urban  District  wouncii. 
•or  the  proper  authority  in  such  cases,  must  provide  a  sewer 
ior  the  sewvge  to  go  into  ?— No,  my  Lord.  Beally,  what 
the  Courts  have  decided  is  this,  that  in  case  it  is  alleged 
that  a  local  authority  have  not,  under  the  provisions 
of  the  Public  Health  Act  and  the  1876  Act,  provided 
proper  sewers  for  a  district,  the  proper  authority  to 
see  that  they  should  do  so,  and  to  whom  they  should 
^e  reported,  is  the  Local  Government  Board. 

774.  I  see? — The  Act  of  1875  provides  that  an 
audiority  which  has  not  made  sufficient  provision  for 
the  sewage  of  the  district  shall  go  to  the  Local  Govern- 
onent  Board. 

775.  I  take  it  then  from  the  evidence  generally  that  if 
the  best  practicable  and  reasonable  available  means  are 
adopted,  the  Committee  is  usually  satisfied  ? — ^Yes.  That 
is  to  say,  upon  the  report  of  Mr.  Tatton  and  Mr.  Scudder, 
that  it  is  brought  in  the  first  place  before  a  chemical 
isub-committee,  who  have  the  charge  of  the  manufacturing 
^ases,  and  the  consulting  sub-committee  of  ^ocal  autho- 
rities, and  if  they  report  that  they  are  satisfied  no  further 
action  is  taken  bv  the  Board. 

776.  And  the  Committee  endeavour  to  get  on  amicably 
with  the  manufacturers? — That  is  so.  I  think  I  ought 
to  sav  here,  if  you  refer  to  the  figures.'  my  Lord, 
-that  I  have  given,  you  will  see  that  in  Mr.  Tatton's 
watershed  there  are  410  manufaoturers,  and  out  of  that 
410,  owing  to  the  conciliatory  way  in  which  the  manu- 
facturers have  met  the  Committee,  it  has  only  been 
necessary  to  apply  to  the  Local  Government  Board 
in  tihirty-three  cases,  whereas  in  the  case  of  local 
authorities,  out  of  ninety  local  authorities  in  the  same 
watershed,  we  have  taken  proceedings  at  the  present 
time  and  obtained  orders  against  no  fewer  than  forty- 
«even.  ^  Thai  shows  the  difference  in  the  attitude  of  the 
authorities  as  against  the  manufacturers. 

777.  Tou  sent  me  a  note  of  a  case  which  is  to  be 
tried  ?— Yes. 

778.  Wlhere  the  point  is  whether  a  manufacturer  who 
is  said  to  have  done  his  best  is  to  be  allowed  to  let  his 
affluent  go  into  the  river  ? — ^That  is  so,  my  Lord. 

779.  Is  it  a  river  or  the  sewer? — It  is  a  case  of  a 
river.  It  is  the  case  of  Almond  and  Co.,  paper  makers, 
of  Darwen.  The  proceedings  were  originally  taken 
under  the  Rivers  Pollution  Aot,  1876,  because  that  is 
the  only  Act  which  the  Ribble  Joint  Committee  is  able 
to  enforre.  They  have  not  the  same  Act  as  the  Mersey 
and  Irwell  Joint  Committee.  We  "entered  a  Plaint 
in  the  Blaokbum  County  Court,  and,  under  the  pro- 
visions of  the  Act  of  1876,  it  was  moved  to  the  High 
Oouit,  and  the  trial  will  commence  before  a  judge  and 
special  jury  at  the  ensuing  Manchester  Assizes. 

780.  What  is  the  case  called?  What  is  the  form  of 
the  case?  Are  the  Kibble  Joint  Committee  parties  to 
it? — ^Yes,  the  Ribble  Jodnt  Committee  are  the  plain- 
tiffs. They  are  a  committee  constituted  in  the  same 
way  as  the  Meroey  and  Irwell  Joint  Committee,  and  under 
"the  same  powere  of  the  Local  Government  Board,  and  ik&j 
are  f^e  plaintiffs  and  Messrs.  Almond  and  Co.  are  the 
^efendaiifaB.  I  may  say  Messrs.  Almond  and  Co.  raise 
a  point  whkh  I  thuik  was  put  to  Mr.  Scudder.  Messn. 
Almond  and  Co.  did  xpplj  to  the  Corporation  of  Dar- 
▼en  to  admit  them  into  their  sewers.  The  Corporation  of 
Barwen  absolutely  refused.  Then  Messns.  Ahnond  and 
Oo.  raised  the  point  that  they  are  using  the  best  practicable 
and  reasonaible  available  means,  while  the  advisers  of 
the  RiUble  Committee  are  of  opdnion  that  they  were  not, 
and  hence  the  High  Court  proceedings.  It  is  the  first 
case,  I  beilieve,  where  the  whole  matter  in  detail  will 
he  gone  into  and  no  doubt  it  will  be  taken,  certainly 
hy  the  plaintiffs,  up  to  the  highest  courts  to  determine 
what  this  really  means — ^what  the  best  practicable  and 
reasonable  available  means  are. 

781.  I  see,  then  the  contention  <rf  the  CommJb^ee  is 
that  the  best  means  are  not  being    used? — ^That  the 
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best  means  are  not  being  used,  and  that,  really,  when  ^'^,*^* 
the  proceedings  were  taken,  the  firm  were  polluting  the  w^toa, 
stream,  grossly  polluting  a  stream  under  the  idieged  isjniyiSM, 
protection  of  the  clause.  Since  proceedings  have  been 
taken — at  the  present  time  I  think  Mr.  Naylor  will  be 
able  to  give  you  some  information— a  sample  was  taken 
in  the  presence  of  Dr.  ^apr^,  who  was  one  o.  our  wit- 
nesses, which  contained  on  analysis  not  less  than  twenty 
grains  of  copperas  per  gaUon.  That  is  a  point  raised 
in  your  question  put  to  Mr.  Scudder,  is  it  to  be  allowed 
that  a  manufacturer  can,  by  putting  in  such  an  enormous 
amount  of  copperas,  get  rid  of  ail  suspended  solids  and 
yet  add  as  much  as  twenty  grains  per  gallon,  with  an 
effluexvt  varying  from  175,000  to  200,000  tons  into  a 
stream — the  river  Darwen,  which  is  very  lOttle  wider 
than  this  table. 

782.  Will  the  case  be  based  on  the  ground  that  they 
are  not  doing  their  best,  or  will  it  be  contended  that 
even  if  they  were  doing  their  best,  their  best  is  so  very 
bad  ? — ^I  think  we  shall  take  that  in  the  alternative,  my 
Lord. 

783.  Tou  will  try  it? — ^Those  are  the  two  points  that 
I  intend  to  raise. 

784.  Will  that  be  quite  a  new  point;  I  mean  will 
that  be  raised  for  the  first  time  ? — As  far  as  I  can  gather 
it  will  be  raised  as  to  what  the  best  practicable  and 
reasonable  available  means  are.  Messrs.  Almond  have 
put  down,  I  may  say,  a  small  tank,  a  circular  tank  which 
originally  was  deigned  to  hold  25,000  gallons.  We'll,  they 
found  difficulties,  or  alleged  there  were  dcfficulties  in  get- 
ting rid  of  the  sludge,  and  what  they  say  is  this :  **  We 
agree  to  13,000  gaUons ;  we  have  got  no  more  room 
now,  and  we  are  unable  to  treat  this  175,000  to  200,000 
gallons  any  better  than  by  a  tank  for  13)000."  Well, 
we  say :  "  You  cannot  do  it ;  it  is  impossible  in  this  tank, 
but  it  is  the  case  that  ^ou  have  two  or  three  cottages,  let  at 
2s.  6d.  a  week,  adjoining  this  tank."  We  say,  sooner 
than  be  allowed  to  pollute  the  river,  we  shall  try  to 
compel  you  to  pull  these  cottages  down  and  pat  up  further 
purification  plant ;  Messrs.  Almond  say  that  is  unreason- 
able ;  the  law  did  not  intend  any  such  thing.  That  Is  one 
of  the  points. 

785.  {Mr,  KiUick.)  Have  you  found,  either  in  the 
Mersey  and  Irwell  watershed,  or  the  Blbble  watershed, 
that  the  objection  or  the  pilea  of  the  manufacturer  that 
he  is  using  the  beet  practicable  and  available  means 
has  practically  impeded  the  work  ? — ^No,  I  have  not. 

786.  It  is  a  theoretical  matter? — ^This  is  the  vei^  first 
instance. 

787.  (Colonel  Harding.)  I  wanted  to  ask  Mr.  Wilson 
whetheir  he  considered  the  definition  of  the  rights  of 
the  manufacturer  were  sufficiently  clear.  The  law  now 
states,  I  think,  that  he  can  compel  a  local  authority  to 
take  a  trade  effluent  if  there  is  a  sewer,  if  the  sewer 
is  large  enough,  and  if  the  trade  effluent  is  not  oif  a 
character  to  injure  the  sewer,  or  prejudicially  affect  the 
treatment  of  the  sewage.  That  is  soi  is  it  not  ? — ^That  is 
so. 

788.  Has  any  difficulty  arisen  with  regard  to  the  inter- 
pretation of  the  law  on  these  points  ? — ^The  law,  on  these 
points,  has  only  been  raisea  and  taken  to  the  High 
Court  in  that  case,  as  far  as  I  know,  of  Peebles  v. 
Oawaldtwiistle  Urban  District  Council. 

789.  Then  you  have  not  found  difficulty  on  the  part 
of  the  local  authorities  as  to  whether  they  should  or 
should  not  take  trade  effluents?— I  think,  with  the  ex- 
ception of  Manchester  and  one  smaller  authority,  all 
the  local  authorities  in  the  two  watersheds  practically 
decline  to  take  trade  effluents ;  it  is  the  exception  rather 
than  the  rule. 

790.  On  what  ground?— On  the  ground  that  the 
oapadlty  of  the  sewers  is  not  large  enough,  and  that 
the  effect  of  discharging  trade  effluents,  jMzticularly  in 
a  rural  district,  into  the  sewers  is  such  as  to  prevent 
them  dealing  properly  with  the  sewage. 

791.  Then  you  think  the  law  is  quite  sufficiently  clear 
on  that?— I  think  the  law  is  sufficiently  clear,  and  I 
think  that  it  is  very  necessary  to  protect  the  local 
authority  in  the  way  intended  by  the  1876  Act. 

792.  (Dr,  Bussell)  I  see,  at  page  5,  you  refer,  at  the 
bottom,  U)  a  difficulty  the  Joint  Committee  have  had 
from  land  purchased  for  the  purpose  of  use  for  irrigation 
being  sublet? — ^Tee,  that  is  so. 

793.  Do  you  think  it  would  be  advantagfeous  to  hav* 
some  statutory  provision  to  prevent  that?— I  certainlf 
do,  sir.    I  think  it  is  very  essential,  and  I  think  ex- 
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Mr.iW.H,  perience  has  shown  it,  that  in  all  oases  in  both  wafcer- 
WUton.    3heds,  where  land  has  been  let  to  a  tenant,  invariably 

18  July  1896  there   have   been   bad  resulta,   and  in   many   inatancee 

-where  the  aubhorlties  have  taken  that  very  farm  into 

their  own  control  they  have  been  able  to  get  very  satis- 
faotory  results.  I  think,  therefore,  that  if  there  is  to 
be  any  change  in  the  legislation,  that  power  ought  to 
be  given  either  to  similar  Boards  or  to  the  Local  Govern- 
ment Board,  to  comped  the  local  authority  to  retain 
possession  of  the  land  itself,  and  to  treai  the  sewage  on 
the  land,  and  that  t^ey  should  not  be  allowed  to  farm 
the  property. 

{MaioT-General  Carey,)  That  is  what  we  do  require 
at  present. 

{Chairman.)  Do  you  require  thatV 

{Major-General  Carey,)  Always,  that  the  authority 
ehall  treat  it  themseuves.  Where  they  have  rented  it 
we  require  that  the  lease  shall  be  determined,  or  deter- 
mined as  soon  as  possible ;  that  is  of  late  years. 

(Mr.  Killick,)  That  will  only  be  if  they  apply  for 
more  money. 

{Major-General  Carey.)  "Whenever  we  find  that  a 
sewage  famn  has  been  let  to  a  tenant  without  the  know- 
ledge of  the  Board ;  it  certainly  is  without  the  know- 
ledge, probably  of  the  Local  Government  Board,  we 
require  that  the  tefnancy  shall  be  determined,  and  that 
the  authority  shall  take  the  farm  into  their  own  hands 
and  manage  it  themselves. 

{Chairman.)  Have  you  got  power  to  do  that,  if  they 
do  not  apply  to  you  for  money  ? 

{Major-General  Carey.)  We  take  the  first  opportunity 
we  have  when  they  want  some  loan  connected  with  sewer- 
age and  sewage  disposal. 

793*  {Mr.  Killick.)  There  mu&t  be  that  application  be- 
fore you  can  exercise  that  power.  Mr.  W^ilson's  suggestion 
goes  beyond  that? — ^I  would  suggest  tha*,  without  an 
application  for  a  loan  in  some  case,  some  statutory 
authority,  like  the  Local  Government  Board  or  some 
other  Board,  should  have  power  to  take  such  action. 
We  have  done  it  by  pressure  on  the  Mersey  and  Irwell 
Watershed,  and  I  think  the  Urmston  and  Flirton  Joint 
Drainage  Committee  case  is  the  only  one  where  the 
authorities  themselves  do  not  farm  the  land. 

7M.  {Dr.  BusselL)  I  think,  Mr.  Wilson,  at  the  bottom 
of  page  5,  it  is  stated  that  in  the  Kibble  Watershed  a 
similar  instance  occurred  last  month,  when  a  deputation 
from  the  Ormskirk  Urban  Oounoit  only  avoided  proceed* 
ings  being  taken  against  them  by  undertaking,  at  an 
early  date,  to  obtain  the  control  of  their  land  by  taking 
it  out  of  the  hands  of  the  tenant  and  using  it  in  a  pro- 


per manner  for  the  disposal  of  sewage.  Yoq  also  put  • 
stop  to  sub-letting  in  an  indlreot  way  by  threatening  a 
prosecution? — THiSt  ie  the  way  we  do  it,  air;  we 
threatened  them  last  monl^. 

794*.  Instead  of  the  indirect  methods  referred  to,  you 
think  there  should  be  statutory  power?— I  think  there 
ought  to  be  ;  it  would  be  simpler,  and  would  save  time. 

795.  {Professor  Foster.)  There  appears  to  be  a  slight 
diiference  between  the  evidence  of  Mr.  Adrian  and  Mr» 
Wii&on  as  to  the  case  of  Peebles  v.  Oswaldtwistle  Urban 
District  OodinciL     From  Mr.  Adrian's  evidence  it  would 
apptar  to  me  that  the  decision  of  iShe  House  of  Lordis  was> 
givou  on  the  question  as  to  whether  the  Local  Authority 
must  make  such  sewers  as  might  be  neoesaajry  for  effeo- 
tualiy  draisung  their  district     I  think  I  understood  from 
Mr.  Wilson's  evidence  that  it  was  a  queetion  of  the  sewage^ 
as  to  admitting  the  eewage  into  sewers? — ^Perhaps  I  was. 
not  quite  clear.     What  I  meant  to  say  was  that  the  prin- 
ciple really  decided  by  the  Local  Government  Boara,  or 
the  greater  part  of  the  principle  decided  by  the  Board, 
\(  as  as  to  the  method  of  procedure,  that  u,  aa  Messrs. 
reeblee  alleged,  the  Oswalatwistle  Urban  District  Council 
had  not  made  proper  provision,  or  ought  to  take  them  into* 
I  heir  sewers,  they  should  have  gone  to  the  Local  Govern- 
ment Board,  as  indicated  by  the  Public  Health  Act,  and 
that  the  action  by  mandamus  would  not  lie. 

796.  But  Mr.  Adrian's  evidence  is  that  the  two  ques- 
tions were  left  to  Mr.  Justice  Charles  :  (1)  that  the  hocaX 
Board  ^ould  be  compelled  to  make  such  sewers  aa  mi^t 
be  necessary  for  effectuality  draining  their  district  for  the 
purpose  of  the  Public  Health  Act,  1875  ;  and  (2)  to  give 
facilities  for  enabling  the  plaintiff  to  carry  liquid  from  his. 
factories  or  manufacturmg  processes  into  the  sewers  under 
their  control? — ^Yes. 

797.  And  then  he  goes  on  to  say,  upon  the  first  point, 
the  Urban  District  <>uncil  appealed  against  Mr.  Justice 
C'liarles.  The  Court  of  Appeal  gave  judgment  in  favour  of 
the  Urban  District  Council,  holding  that  the  case  came 
within  the  rule  that,  if  a  new  obligation  is  imposed  by 
statute,  and,  in  the  same  statute,  a  remedy  is  provided 
for  non-fulfiilment  of  tihe  obligation,  that  is  the  oDif 
remedy,  and  that,  acoordingly,  the  remedy  by  complaint  to 
the  Local  Government  Board  under  Section  299  was  a  bar 
to  the  application  for  a  mandamus.  The  decision  of  the 
Court  of  Appeal  was  affirmed  by  the  House  of  Lords. 
And  the  decision  of  the  House  of  Lords  was  given  on 
that  ?— The  decision  of  the  House  of  Lords  was  given  oo 
thee,  but  the  main  part  of  the  case,  as  I  understand  it,  I 
am  speaking  from  memory,  the  main  part  of  the  case  was 
on  a  method  of  procedure. 

•798.  There  appeared  to  me  to  be  a  discrepancy  between 
your  evidence  and  that  of  Mr.  Adrian,  and  I  thought  it 
would  be  better  to  have  it  cleared  up  ?--Certainly. 


j^f^  Mr.   William  Natix)R,   A.M.I.C.E.,   RC.S.,   Chief  Inspector  of  the  Ribble  Joint  Committee,  called  ;  and 

W.  yaylor,  Examined. 

▲  M.I.CI., 

y-C'S.  709.  {Chairman.)  You  are  Chief  Inspector  of  the  Ribble      the  Secretary  to  this  Commission.     This  is  a  single  copy  -^^J^**^** 

Joint  Committee  ? — ^I  am.  of  the  special  report.     {Copy  of  report  handed  in,)  ,^ 


800.  The  Ribble  Joint  Committee  was  formed  when? — 
In  1891. 

80L  Have  you  anything  to  liand  in? — ^I  (hand  in  the 
transcript  of  the  shorthand  notes  taken  at  the  inquiry. 

302.  Are  these  the  shorthand  notes  on  which  the  Com- 
mittee was  founded  ? — That  is  so. 

803.  And  then  do  you  hand  in  also  your  instructions  for 
the  preparation  of  a  special  report  on  the  "  treatment  and 
*' nature  of  manufacturers*  waste  effluents"? — ^They  are 
contained  in  the  proceedings  of  the  Ribble  Joint  Com- 
mittee, December,  1602. 

804  {Mr.  Killirk.)  Have  there  been  any  annual  re- 
ports tc  the  Ribble  Joint  Committee  ;  the  reports  showing 
the  work  done  will  be  sufficient,  we  do  not  need  the 
detail? — These  are  the  annual  reports.  Of  course,  I  do 
nr>t  wish  to  press  them  upon  you.  I  can  leave  them  here  ; 
they  need  xiot  be  formally  put  in. 

805.  Is  there  any  summary  ? — No  ;  there  is  no  summary. 
The  particular  instruction  referred  to  was  given  me  in 

December,  1892,  the  instruction  for  this  particular  Tei>or> 
on  the  treatment  and  nature  of  manufacturers*  waste 
effluents. 

806.  {Chairman.)  Ton  received  instructions  from  them 
t*"  prepare  a  report? — I  did. 

807.  And  you  prepared  that  report? — I  prepared  that 
rcjiort,  and  twelve  copies  have  already  been  forwarded  to 


808.  This  report,  *as  I  understand,  was  followed  by^  a 
Conference  between  ^e  manufacturers  aqd  the  Ribble 
Ji>inr  Committee? — It  was.  The  Conference  was  for  the 
purpose  of  meeting  the  manufacturers,  to  see  if  some 
agreement  could  not  be  come  to  as  to  the  particular  works 
which  it  was  thought  desirable  to  be  carried  out  by  manu- 
facturers. In  the  case  of  the  cotton  trades,  it  was  even- 
tually agreed  between  their  representatives  and  the  Ribble 
Joint  Committee  that  certain  methods  of  treatment  should 
be  adopted,  and  those  methods  of  treatment  are  embodied 
in  the  agreement  which  is  signed  by  the  whole  of  the 
representatives  of  the  cotton  trade  in  the  Ribble  Valley. 

''At  a  meeting  of  the  Joint  Committee  to  enforce  the 
provisions  of  "  T^e  Rivers  Pollution  Prevention  Act,. 
1876,"  in  relation  to  parts  of  the  River  Ribble,  held 
at  the  County  Offices,  in  Preston,  on  Monday,  the 
9th  day  of  October,  1893. 

"PRESENT— 

'Sir  John  T.  Hibbert,  K.C.B.,  M.P.,  Chairman, 
"Etc.,  Etc.,  Etc. 

"  "Resolved. — 1.  That  in  respect  of  effluents,  the  liquors 
to  be  treated,  and  the  mode  of  their  treatment,  shall  be 
stpardtely  considered  in  the  case  of  each  different  trade 
and  manufactory. 

*' licsolved.'-2.  That  in  the  case  of  Bleachers,  Calipo 
Printers,  and  Dyers,  the  general  principle  to  be  adopted 
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■hall  be  treatment  bj  subsidence,  precipitation,  or  filtrsr 

«^n  of  the  refuse,  either  singly  or  combined,  in  -such  a 

'manner  «ff  to  obtain -am- effluent  which  wLl  fulfil -the  re- 

^^quixvuraxxte  of  'The'  fttreiB  Poiltttion  Prerentioii  A«t, 

1876.** 

"  Seaohed.T^  That  one  year  be  generally  allowed  to 
th^se  manufacturere  to  carry  out  and  complete  the  neces- 
sary works  for  the  treatment  of  their  effluents  ;  but  that 
at  the  end  of  six  months  the  Joint  Committee  shall  hare 
the  right  to  re-consider  the  position  of  any  case  where  no 
tond  Hde  steps  have  been  taken  to'proceed  ^th  the  works. 

•'  Itesolved. — 4.  That  upon  -each  Mamilacturer  express- 
ing in  writing  his  adopttonofthe'foregeil^  eiinditions  no 
proceeding  be  taken  «^ain8t  'hun-for  •one  yeair  from  the 
date  hereof,  except  as  abore  epeeified. 

"  I  hereby  accept  and  undertake  to  carry  out  the  fore- 

ffoinjr  conditions. 

"  (Signed) 

809.  And  with  the  chenoLcal  trades  was  there  an  agree- 
ment made? — ^In  the  case  of  the  chemical  trades  also  a 
generad  agreement  was  entered  into,  which  was  signed  by 
them  all,  without  exception.  This  is  a  copy  of  that 
agreement: — 

"  AGBEEMEKT. 
"We 

"hereby  undertake  that,  in  order  to  prevent  any  further 
-poUutiofi  of  the  stream  by  the  effluent  from  our  works, 
the  general  principle  we  will  adopt  will  be  treatment  bv 
enbsfdence,  precipitalion,  or  filtration  of  the  refuse,  either 
•singly  or  combined,  in  euch  a  manner  as  to  obtain  an 
Client  which  will  fulfil  the  requirements  of  '  The  Bivers 
'Pollution  Prevention  Act,  1876'  ;  and  w6  further  under- 
take that,  in  consideration  of  the  BibKe  Watershed  Joint 
<k»mmittee  not  tsJcing  proceedings  against  us  before  the 

day  of 
next,  wc  will  construct  and  have  in  operation  works  as 
before-mentioned  for  the  treatment  of  our  effluent. 

•  Dated  the  ^y  «f 

1894. 

"(Signed) 

: .  '810.  And  with  the  paper  trade  you  came  to  no  general 
t«f|ifcuent?— In  the  case  of  the  paper  trades' no 'general 
«irreement  was  arrived  at»  The  Gommittee  then  decided 
4o  ocnsider  eaeh  partieuJar  ease  upon  its  owv  merits,  and 
I  was  inatfucted  to  draw  a  report  dealkig  with-eaoh*  poper 
mUl  in  the  valley  sepaJWtriy.  -flSii*  report  was  pvesented 
in  Xovember,  1893. 

.^812;  Speaking  generally,  those  agreements  havp  been 
earned  out,  I  suppose  ?— Yea/  tbey  have. 

812.  With  iflie  cotton  trades  and  the  chemioal. trades? 
»/i-aWith  the  cotton  trades  and  the  chemical  trades  €hose 
2«^emente  were  adhered  to. 
♦  "Ka.  And  har^  b^^e'h  carted  oUt  ever  siricel-^Tfee.      ' 

8i4.  And  wilfli  the  paper  trades,  you  dealt  witih  each 
easK'^separately?— We  dealt  with  each  case  sepantely. 

815.  And  you  do  still  ?— Well,  eventually  aH,  with  the 
.«Keeption  of  one,  did  sign  »  modified%greement,  which  I 
■also  hand  in. 


a.ib«..oip., 


"  AGREEMENT. 


"Wc 


heicby  undertake  that,  in  consideration  of  the  RibKe 
Waterahed  Joint  Committee  not  taking  proceedings  against 

us  before  the  ^  ^      4*7  «>f    ^.      ,.,... 

next,  we  will  cooetruct  and  have  m  operation  by  that  dftte 
works  for  the  purification  of  our  effluent. 

"Dated  the  ^7  ^ 

1804. 

"  (Signed) 

In  the  case  of  the  cotton  tradee  there  was  wi  Asoocia- 
ticn.  We  acted  really  with  the  Association.  In  the  case 
tf  the  paper  makers  we  dealt  with  eacfh  firm  separately, 
and  onlv  one,  against  whacfli  an  action  w  now  pending, 
declined  to  sign  this  agreement,  or  to  enter  into  any  agree 
nMnt. 

816.  The  Committee  has  gone  on,  and  there  is  an  annual 

report  of  its  progress,  I  '^VV^/'^r^^  ^^^  ""TIJ^ 
wSv  been  pieeented  in  March,  1898,  and  March,  1897 
l^evioiMto  that  time,  we  had  not  preeented  an  annual 
report  The  Committee  meets  monthly,  and  a  report  was 
Xnted  each  moniih,  but  in  1897and  1898  a  report  ^ 
T^r^p-nt^  which  does,  as  a  matter  of  fact,  show  the 
?o1^T;«de  ?nemlly  <i«ringfve  previous  Te«s  That 
teiH.T^  ^ppeara  in  the  report  fa    the  month  of  March, 

121^. 


1(198,  and  in  the  report  k.t  the  month  of  June  in  the  jtM       Mr. 

W97.  '      *;•*•«*'' 

817.  'Had  you  any  specml  difflculties  attendintf  flie  MM 
working  of  the  1876  Act?— The  special  difficulties  whicb  1  jg  j^J 
thought  of  suggesting  to  the  Commission  were/first  with 

'itefaird  to  what  ia  meant  by  the  best-known  seaaonable 
metfAs-.'  Of  course,  the  mamifacturers  thoroughly  «id«r- 
stand  the  Act  of  1876.  They  have  given  a  graat  deal  lof 
attention  to  it,  and  my  experience  is  thatthwe  is  generally 
a  difference  between  the  manufacturer  and  the  inspector 
as  to  what  the  best  xeasonable  meana  ceally  are. 

818.  I  do  not  know  that  I  need  trouble  you  to  go  vary 
much  into  that  question  now,  because  as  I  understand 
from  Mr.  Wilson,  a  very  important  legal  case  is  now  goimg 
to  take  place  within  the  next  few  days,  promoted  1^  the 
Kibble  Joint  Committee ?—^They  have  a  case  pendy^ 
which  is  one  of  perhaps  a  dozen  that  have  been  tried,  but 
every  case  that  has  oeen  taken  to  the  County  Court  is 
really  tried  on  the  question  as  to  when  a  manufacturer 
hag  done  sufficient. 

819.  But  this  case  is  going  to  be  tried  at  the  Assizes, 
and  it  will  throw  a  great  deal  of  light  on  what  view  the 
Courts  hold  as  to  what  the  beet  reasonable  meana  are  7 — 
Quite  80. 

820.  Then  the  next  point  in  your  evidence  is  standards. 
You  say  most  of  the  outlets  were  constructed  before  the 
passing  of  the  Act,  thus  bringing  the  owners  within  tile 
"  best  known  reasonable  means  "  ojlause.  We  do  not  want, 
you  know,  to  have  exactly  the  same  evidence  over  again. 
We  have  hewrd  a  great  deal  from  the  other  gentlemen,  and 
I  will  iust  run  through  this  and  see  whether  you  have  any 
special  note.    You  have  the  difficulty  of  fixing  standards. 
Well,    of  course,   that   we   know.     The   effluents   from 
different  trades  differ  in  composition.     That  we  know. 
The  effluents  from  different  factories  in  the  same  trade 
differ  according  to  the  different  speciality  produced.  That 
we  know.     Effluents  from  one  and  same  factory  differ 
according  to  varying  speciality  produced,  and  according  to 
point  of  time  in  process  of  manufacture.     The  facilities  for 
treatment 'vary  according  to  locus  of  the  factory.    Yoiir 
•experienoe  isfithat  tefUastive  standards  could  be'  fixed'  for 
each' trade  with  regard  i»  solid  matter  in  suspension,  alka- 
iinityov  acidity,  ftrasicUanaasand  so^nblet  sulphides,  «nd'4n 
the  case  of  sewage  effluents,  with  jregard  to  .the  smoimt  of 
solid  4Qatter  in  suspension^  albuminoid  ammonia  liberated 
and  .oxygen  absorbed.    Now,  4o  you  wish  to  enlarge  on 
thai/  at  all.? — No,  I  have  no  desire  <to  enlaige  on  anytrong. 

.  ^haj;  is  any  opinion.  '.  I  ^ve  meia  notjung  in  jay  expesienee 
twbich  I  thin)r.,wpi4d,- prevent. Jldtentative  stsAdard 'being 
fput  into  operailo;^  with  r^a];d  to  ^hese  matters. .        ,    ..^ 

821.  And  TyoU'think  that.'the*  standard  would  mottonly 
(be  ipoasibie.in  j»gard  to  'these  mattew  but  desu0able«WI 
think  it  >  is*  {desirable.  As  matter  '  of  fact,  before  an 
-"  inspector  tsan  make  •  complaint  he  must  have  in  his  own 
mind  some  idea  of  what  he  is  to  complain  about^  and  my 
reports  to  the  Ribble  Joint  Comlnittee  are,  at  any  rate, 
based  on  a  standard  which  is  in  :my  own  mind,  and  In 
the  minds  of  the  Oommittee,  ioo. 

'822.^  Then  the  next  point  is  dilution  of  effluents  with 
river  water,  and  your  experience  is  that  this  is  often  done 
with  the  object  of  obtaining  an  effluent  giving  a  good  result 
on 'analysis.  *  In  what  way  is*  this  managed  ;  I  mean,  does 
a  manufacturer  carry  river  water  up  to  his. works  and  ^oiir 
it  in  on  his  trade  re^se  or  what? — ^The  case  I  have  in  my 
mind'^^md  there  are  other  similar  cases — ^is  where  a  r^-^er 
manufactwirer  has  a  lodge  which  he  uses  for  condensation 
purposes.  Of  course^  a  stream  is  continually  flowing 
through  that  lodge ;  the  effluents  from  his  purificnt'nn 
plant  proper  are  turned  into  the  overflow  from  it.  The 
whole  of  the  lodge  is  on  his  own  premises.  This  overflow 
he  passes  down  a  culvert  into  another  stream,  of  which 
the  former  is  a  tributary,  so  that  it  is  impossible  for  us  to 
take  a  sample  at  all  of  his  effluents  unless  diluted  perhnDs 
thirty  or  forty  times  with  this  water  from  the  lod^e. 
We  have  no  power  of  entry  under  the  1876  Act,  therefore 
no  means  of  obtaining  a  sample  of  his  effluent  proper. 
There  are  other  cases  I  have  in  mind  where  water  for  con* 
densation  purposes  alone,  that  is  apart  from  the  overflow 
stream,  is  also  delivered  into  the  effluent  proper  from 
purification  plant. 


823.  Well,  but  is  there  any  objection  to  that  because  you 
have  got  to  deal  with  it  as  it  leaves  his  premises.  I  sup- 
pose you  might  call  dilution  a  kind  of  treatment? — 
I  take  it,  that  it  is  my  duty  to  discover  whether  ^» 
has  adopted  the  best  known  means  in  the  treatment  of  his 
waste  liquors,  and  to  form  any  opinion  upon  that  I  must 
have  a  sample  of  the  liquors  after  treatment  by  best 
known  means,  or  see  the  plant  he  is  ufsing.  In  this  par- 
ticular case  I  can  do  neither. 
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Mr,  824.  But  would  you  nofc  say  that  the  dilution  was  a  form 

^•Jf^if^f  of  treatment  ? — I  should  not  care  to  advocate  it  as  a  form 
of  treatment. 

825.  Tou  would  not  deny  that  it  was  a  f  onn,  would  you  7 
<^-In  the  case  of  sewage  eiOiuents  it  may  be  claimed  with 
some  reason  that  it  is,  at  any  rate  that  it  assists  in  the 
later  purification  of  the  effluent,  but  in  the  case  of  the 
effluent  of  a  paper  mill  or  a  bleach  works  I  question 
whether  the  dilution  would  do  much  good. 

826.  Tou  do  not  think  the  dilution  would  improve  the 
effluent? — ^I  question  whether  there  is  any  such  biological 
action  going  on  in  a  bleach  works  effluent  or  paper  miL 
effluent 

827.  Then  you  wotdd  advocate  the  power  of  entry  to 
premises  and  to  take  samples  before  any  dilution  takes 
place? — I  would. 

828.  I  do  not  understand  your  point  8.  Sludging  of 
mill  dams  or  supply  reservoirs ;  I  am  not  quite  sure  what 
you  mean  by  it  ? — Well,  I  should  jud^e  that  Mr.  Wilson 
has  already  given  evidence  on  that  point.  I  refer  to  mill 
dams  or  reservoirs,  which  contain  the  water  to  be  used  for 
manufacturing  purposes  or  for  any  othrr  purpose  in  a 
paper  mill,  or  a  cotton,  or  any  other  mill.  We  just  had 
a  case,  two  cases>  where  the  owners  of  such  lodges  after 
drawing  off  i he  top  water  have  conveyed  or  allowed  to 
flow  into  a  river  tiie  deposited  sludge.  That  sludge,  '^f 
course,  had  been  deposited  naturally  from  the  river  water. 

829.  The  sludge  is  deposited  in  the  reservoir  or  mill 
dam,  and  then  what  is  it  that  is  done  ? — ^The  reservoir  is 
fed  by  a  stream  or  goit  from  a  larger  stream.  The  deposit 
of  solids  takes  place  in  the  lodge  to  such  an  extent  that  it 
becomes  filled  ;  in  one  of  these  cases  it  did  become  nl!cd. 
Then  the  sluice  of  the  lodge  is  opened,  nnd  the  whole 
contents  thrown  bodily  inti  the  river.  This  is  a  scilid 
solution,  but  not  within  the  meaning  of  the  Act  so  far  as 
our  cases  have  gone  at  present. 

830.  And  all  attempts  at  preventing  that  have  failed,  ex- 
cepting at  Common  Law  7 — ^That  is  my  experience. 

831.  And  have  they  ever  succeeded  at  Common  Law? — 
I  have  the  case  in  my  mind  of  the  Glory  paper  mill 
where  a  riparian  owner  below  the  mill  did  get  damages, 
but  ifc  was  at  Common  Law. 

832.  Then  you  consider  that  under  the  Act  of  1876  the 
time,  trouble,  and  expense  incurred  in  obtaining  penalties 
both  for  liquid  sewage  pollution  and  manufacturing  liquid 
pollution  is  too  great.  It  is  questionable  whether  it  does 
not  pay  both  manufacturers  and  local  authorities  to  wait 
for  the  first  fine.  In  your  opinion  it  would  be  an  adran- 
tage  if  the  Court  had  power  to  inflict  a  penalty,  apart  from 
ciders  to  desist,  six  months  after  the  service  of  notice  of 
intention  to  proceed.  That  you  state  is  your  opinion  9— 
That  is  my  opinion,  and  I  think  under  the  present  regime 
a  manufacturer  may  always  consider  it  safe  that  to  go 
on  polluting  a  stream  for  at  least  twelve  months,  indeed  I 
have  known  cases  of  eighteen  months  and  two  years, 
after  two  months'  notice  of  intention  to  proceed. 
We  have  first  to  get  the  permission  of  the  Local  Gk)vem- 
ment  Board,  which  rarely  takes  less  than  six  months,  then 
we  have  to  get  an  order  of  the  Court ;  the  judge  generally 
gives  six  to  twelve  months,  and  it  is  only  after  the  expira- 
tion of  that  time  that  we  can  ap-^"*-  for  the  infliction  of  i 
penalty.  Of  course,  under  the  Mersey  and  IrweU  Act 
and  the  West  Biding  Act  I  believe  the  Local  Goremment 
Board  does  give  its  assent  or  formally  withhold  its  Hs.sent 
within  a  period  of  three  montht. 

833.  Then  your  last  point  is  methods  of  treatment  of 
sewage,  and  on  that  you  say  matters  in  suspension  -tiw 
be  removed  by  simple  subsidence,  chemical  precipitati  )'i. 
biological  decomposition,  either  aerobic  or  anaerobic. 
Matters  in  solution  (oiganic)  may  be  removed  by  filtration 
through  land,  by  artificial  filters,  filtration  by  mechanical 
filtration,  or  by  biological  decomposition.  Combina- 
tion of  mechanical  and  biological.  Trades'  waste. 
Matters  in  suspension  and  fats  in  woollen  wash  waters 
by  precinitation.  and  soluble  sulphides  in  chemical  works 
liquors  bv  filtn»tion  through  iron  oxide,  or  precipitation 
by  iron  salts.  Effluentf«  from  tanneries  or  breweries  same 
creatrocnt  as  sewage.  I  do  not  know  whether  you  have 
formed  any  particular  oninion  as  to  whether  you  could 
obtain  results  as  good  from  f^rtifi^ial  fiHers  as  you  can 
from  natural  filters  bv  land? — ^There  are  cases  in  the 
Kibble  Valley  of  good  effluents  being  obtained  from 
all  and  each  of  these  processee  named.  I  should 
not  care  to  say  really  from  which  process  we  jret  the  b«»t 
effluent  There  are  seversl  cases  of  pnod  eflfnenfF  T>ro- 
ceedins;  from  subsidence  tanks  onlv  followed  bv  lpT»d 
filtration,  swch  is  the  case  at  Ormskirk,  the  OrmsVi'rl- 
Urban  District  Council's  farm.  Then  there  are  cnses  of 
good  effluents  proceeding  uniformly  from  treatment  by 


precipitation  followed  b;^  land  filtration  only,  as  is  tHa 
case  at  Padiham  and  Clitheroe,  again  we  have  a  case  of 
precipitation  followed  hj  artificial  filters  and  good  resuita 
at  Chorley.  Although  it  must  be  added  that  effluents, 
from  artificial  filters  are  more  liable  to  vary  than  from 
treatment  upon  a  considerable  area  of  land  I  think  u 
varies  really,  because,  as  in  the  case  of  Chorley,  the 
Polarite  filters  are  liable  to  become  choked,  and  must  ue 
left  for  some  time  to  cleanse  themeelves.  They  are  first 
mechanical  and  latterly  biological  filters.  I  have  Known. 
such  filters  to  become  absolutely  choked,  and  to  refuse  to 
pass  tank  effluent*  and  after  being  left  for  a  week  or  a 
fortnight  to  take  just  about  as  much  and  with  just  as  good 
results  as  when  they  were  started  in  the  first  instance — thu 
first  day.  I  act  also  for  the  Somersetshire  County  Council,, 
and  have  done  so  for  some  years,  and  in  that  county  I 
have  seen  results  of  the  biological  treatment,  that  is  the 
septic  treatment  at  Yeovil,  and  there  is  no  doubt  in  my 
mind  but  what  the  solids  in  suspension,  the  organic: 
solids,  can  be  liquefied,  but  a  much  lai^er  area  of  Altera 
must  of  course  be  provided  than  if  precipitation  had 
been  resorted  to  in  the  first  instance.  There  is  one 
now  being  put  down  in  the  Bibble  Valley,  but  I  have 
had  no  experience  of  that  At  Blackburn,  for  the  past 
six  months,  experiments  have  been  made  on  a  fairly 
hirge  scale  with  coke  filters,  preceded  by  a  bacterial  bed, 
on  the  lines  suggested  by  Mr.  Dibdin.  At  Burnley  also, 
on  a  very  large  scale,  filters  have  been  laid  down  and  used 
to  the  extent  of  over  two  acres,  and  I  have  no  hesitatiow 
in  saying  that  they  are  each  and  all  capable  of  producing 
a  satisfactory  effluent,  and  were  I  empowered  by  any  local 
authority  to  choose  it  would  be  lai^ely  on  the  matter  j! 
expense  on  the  initial  cost  of  the  installation  of  Altera 
that  I  should  decide. 

834.  You  have  seen  the  Yeovil  tank  ?— Yes,  I  reported 
on  the  Yeovil  tank  to  the  Rivers  Pollution  Committee  of 
the  Somersetshire  Countv  Council. 

835.  The  Yeovil  tank  was  put  up  by  Mr.  Cameron's 
process,  was  it  not? — ^Yes. 

836.  But  at  Yeovil  there  is  trade  refuse  as  well  m 
sewage? — ^The  raw  sewage  from  Yeovil  Fs  certai^y  the 
strongest  that  ever  I  met,  because  it  contains  a  good 
deal  of  oiffanic  matter  from  the  tanneries  where  they  make 
gloves.  These  gloves  are  treated,  as  I  was  informed,  by 
the  yolks  of  eggs,  which  makes  the  sewage  exceedinolir 
stroi^.  I  examined  a  sample  of  the  raw  sewage,  anf  ifr 
certamly  was  the  strongest  I  ever  met 

837.  What  did  you  find  as  to  the  effluent;  did  yoo 
find  the  effluent  satisfactory  ?—Wdl,  there  was  80  per 
cent,  purification  effected,  but  that  left  an  amount 
of  oripanic  matter  which  it  has  been  my  practice 
to  object  to  in  the  Kibble  Yaley.  I  object  in  the 
nibble  Valley  to  any  sample  which  yields  albuminoid 
ammonia  above  "2,  and  we  have,  in  the  oaaatj  aooiti^ 
obtained  orders  for  effluents  of  about  that  character. 
In  the  case  of  Yeovil,  if  I  remember  rightly,  tue 
effluents  contained  '3  and  '4  of  albuminoid  ammonia^ 
and  the  oxygen  absorbed  was  something  like  three  or 
four  whole  parts^for  the  100,000.  Of  course,  a  great 
deal  more  work  had  to  be  done  on  that  sewage  than  on 
any  sewage  which  is  dealt  with,  at  all  events  in  the  Riblie 
Valley. 

838.  You  reported  that  the  effluent  was  not,  in  yonr 
opinion,  in  a  satisfactory  state,  I  suppose  ? — ^I  did. 

839.  And  do  you  know  what  action  the  Oonnty 
Council  took  ? — ^The  County  Coimcil  applied  for  an  order 
in  the  County  Court,  and  the  Corporation  of  Yeovil 
submitted  to  the  order,  it  having  been  agreed  previoudy 
by  both  parties  that  it  should  be  suspended  for,  I  \,hink, 
twelve  months.  That  twelve  months,  to  the  best  of  my 
knowledge,  has  not  yet  expired ;  I  have  not  yet  been 
communicated  with,  at  any  rate. 

840.  They  were  going  afterwards  to  tiy  and  make  im- 
provements?— ^Their  proposal,  as  put  to  me  by  the 
borough  surveyor,  was  to  enlaige  the  filter  ari.i  .  in 
fact  only  a  portion  <^  the  sewage  was  under  treatment 
at  aSlt  not  the  whole  of  it  It  was  intended  by  zhe  Cor- 
poration to  put  the  whole  of  the  sewage  under  similar 
treatment,  but  to  have  the  filters  greater  in  proportion 
than  they  had  been  up  to  that  time. 

841.  And  the  results  of  that  are  not  known  yett — 
The  additions  are  not  yet  completed. 

842.  Do  you  find,  so  far  as  the  various  processes  of 
manufacturers  are  concerned  that  the  dangers  of  pollu- 
tion are  increasing  or  decreasing? — ^It  is  my  ezperienee 
that  they  are  decreasing. 
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843.  Decreasing  ? — ^Yes,  in  certain  processes  of  manu- 
facture I  find  they  are  using  less  water  than  they  did 
formerly,  and  they  are  aosiracting  the  objectionable 
materials  by  dry  processes  rather  than  wet  That 
appUes  more  particularly  to  paper-making.  Moreover, 
they  are  discarding,  as  far  as  poBsible,  dirty  fibrous 
material  and  substituting  wood  pulp.  In  the  case  of 
bleach  works  they  are  using  in  many  cases  less  in  the 
way  of  material  such  as  lime  and  soda.  They  ha^e  im- 
proved machines  by  means  of  which  they  can  bleach  or 
boil  a  given  weignt  of  cloth  with  less  lime  than  for- 
merly, and  the  same  applies  to  the  boiling  with  soda,  a 
resort  being  made  to  higher  pressure  for  lime  boiling  and 
soda  boiling  too. 

844.  Do  you  consider  that  the  industries  under  your 
supervision  have  suffered  in  any  way  by  the  administra- 
tion of  the  Bivers  Pollution  Act  ? — No,  I  do  not ;  on  tlie 
other  hand,  I  think  the  disadvantages  have  been  covered 
by  the  advantages,  not  always  in  the  same  mill  certainly, 
but  in  the  trade.  I  do  not  think  that  the  trade  on  the 
whole  has  suffered.  In  some  cases  products  have  been 
xeoovered,  for  instanccy  the  recovery  of  indigo  in  indigo 
dve  works  ;  in  paper  mills  the  loss  of  the  wood  pulp  and 
fibre  has  been  less,  and  in  the  woollen  mills  the  fat  uas 
been  recovered,  at  places  that  I  can  name,  at  a  profit. 

845.  And  speaJcing  genecally  of  the  riven  in  your  dis- 
trict, do  you  think  thiut  in  the  past  seven  years  there 
has  been  an  ifmprovememt  ? — ^In  the  geneniEl  condition  of 
the  rivers,  yes.  That  is  evidenced  by  the  accumulations 
of  sludge  which  have  been  extracted  from  the  settling 
beds  along  the  river  banks. 

846.  (Colonel  Harding,)  I  should  tike  to  ask  Mr. 
IS'aylor  whether  he  can  give  us  a  very  brief  summary 
of  these  ref)ort8  in  order  that  we. may  judge  as  to  the 
number  of  pollutions  with  which  the  Joint  Oomimdttee  of 
the  Bibble  have  to  deal;  whether  he  could  tell  us,  for 
instance^  how  muny  local  authorities  his  Committee  have 
to  deal  wiith ;  how  many  cases  of  manufaoturing  poUu- 
tbns  they  have  to  deed  with?— Yes,  I  could;  I  could 
hand  in  a  table. 

847.  If  you  wiH,  refer  us  to  it ;  is  that  one  of  the  docu- 
ments you  have  handed  in  ? — ^Thas  is  a  tttble  which  I  had 
pex^Mipe  better  detadi  showing  the  number  of  local 
authorities,  drainUge  areas,  authorities  with  and  without 
interception  schemes. 

848.  How  many  local  authorities  have  you  to  deal 
with  ? — At  the  present  time  there  are  42  local  authorities. 

849.  Have  aH.  those  local  authoriities  methods  of  treat- 
ment of  sewage  ?— There  are  six  witiioub  serwage  inter- 
ception BoheayM  at.,  all ;  tii^e  ate  seren  without  sewage 
disposal  works  of  any  description;  there  are  31  with 
efficient  disposal  works  and  satisfak^tory  efflaents ;  of  these 
twelve  resort  to  precipitation  and  land,  V5  to  precapitar 
tion  and  artificial  filters,  six  to  broad  irrigation  or  aub- 
sidence  and  land. 

850.  Now^  as  to  manulaiotunng  pdluition,  how  many 
cases? — The  nxtmiber  of  manufaoturenB  whose  works  are 
under  the  jurisdiction  of  th^  Comonittee  is  65. 

^1.  How  many  of  those  are  oonneeted  with  sewers? 
— ^I  do  not  include  any  connected  wdth  seweis. 

852.  Those  you  leave  out.  How  many  treat  their 
effluents,  and  how  many  do  not  treat  ?— /There  are  44 
with  efficient  works  of  purification,  and  two  without 
works  of  purification  of  any  kind,  and  the  difference, 
that  is  between  the  46  and  the  65,  have  only  indifferent 
methods  which  we  still  complain  of.  Of  tifie  methods, 
there  are  19  resorting  to  subsidence  only,  20  resorting  to 
precipitation  only,  and  22  resorting  to  precipitation  and 
filtration  or  subsidence  and  (filtration.  The  number  using 
precipitants  is  32,  the  number  resorting  to  sludge  pressiuff 
4,  the  number  reported  as  having  been  connected  with 
the  sewers  since  march,  1895,  is'9. 

853.  Just  one  more  question  I  should  Hke  to  ask  you, 
and  tha(t  is,  you  have  told  us  that  yon  consider  an 
effluent  from  sewage  works  to  be  unsatisfactory  if  it 
exceeds  '14  grains  per  gallon  of  albuminoid  ammonia, 
have  you  not  ? — ^Yes. 

854.  Then  what  abbut  the  oxygen  al)eoi*bed  in  four 
hours.  Tou  probably  took  that  alao  into  consideration? 
—I  aHways  in  my  reports  put  the  two  side  by  side^ 

856.  What  is  tlie  figure  in  your  mind  in  regard  to 
oxyi^en  absorbed?— I  have  never  been  able  to  get  any 
equivalent  figure  for  oxygen  absorbed,  as  we  find  the 
amount  of  oxygen  absorbed  varies  very  laigely  with  the 
age  of  the  sewage.,  I  k>ok  upon  the  oxygen  absorbed 
really  as  an  index  as  to  the  condition  with  regaid  to 
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putrefaction.    A  fresh  sewage  examined  to-day  wiU  give       Mr. 
less  oxygen  absorbed  than  the  same  sewage  examined  two  ^\'J!f^^* 
days  hence,  so  that  if  it  happens  that  the  sample  has     .'  y'.oV.  *' 
been  standing  in  the  bottle  p^  standing  m.the  tanks   .j^J-r^^ 
before  passing  through  filters  or  over  land,  you  re«fl|y  J^rW^f"^ 
get   more   oxygen   absorbed   than   should   be  the  case, 
although  there  is  no  more  putrid  matter  in  it,  but  \ii6 
organic  matter  in  itself  is  in  a  more  putrescent  condition. 

856.  Then,  do  I  understand  that  in  judging  of  the 
qualiity  of  an  effluent  you  leave  out  the  question  of  the 
oxygen  absorbed  in  four  hours? — I  do  not  leave  out 
entirely  the  oxygen  absorbed. 

857.  D9  you  judge  entirely  by  the  albuminoid  am- 
monia?— I  judge  first  by  the  albuminoid  ammonia,  and 
if  that  is  above  0*2  I  estimate  the  Oxygen  absorbed.  If 
the  oxygen  absorbed  were  very  low  then  I  should  hesitate 
before  expressdng  an  opinion  without  examuiing  the 
nitrates  or  nitrites  and  chlorine  (combined)  in  the  sewage. 
At  the  same  time  I  should  want  very  strong  evidence  of 
nitrification  having  taken  place  before  I  considered  that 
the  sample  had  received  satisfactory  treatment  which 
liberated  so  much  albuminoid  ammonia  as  0*2. 

858.  At  the  same  time,  if  it  came  from  an  axtificial 
filter  or  from  an  irrigation  bed  and  contained  a  laige 
quantity  of  nitrites  and  nitrates,  I  should  hesitate  before 
I  condemned  it. 

859.  Th^,  in  telling  us  that  you  consider  effluents 
from  certain  sewage  dosposal  works  are  satisfactory,  you 
had  in  your  mind  that  these  effluents  contain  less  than 
-^j  of  albuminoid  ammonia  ? — Tes,  I  did,  and  I  have  found 
that  about  75  per  cent,  of  the  works  in  the  Bibble 
Valley  can  easily  manage  to  come  under  that  0*2,  and 
where  they  do  not  it  is  evident  to  any  one  on  going  to 
tlie  worits  that  they  are  not  reaortring  to  the  best  means, 
that  they  are  either  cramped  for  precipitating  space,  or 
cramped  for  filtration  area  as  compared  with  the  other 
authorities  where  they  do  get  below  0*2. 

860.  I  think  you  told  ua  that  in  Bladtbum  seme 
experiments  were  being  tried  on  a  pretty  considerable 
scale  on  the  biological  treatment  of  sewage?— Yes. 

861.  How  long  have  they  been  working? — ^They  havtt 
been  woridng  since  January  of  this  year. 

862.  Tou  are  unable  to  tell  us  as  yet  anything  of  the 
results  ?— Until  within  the  last  month  I  question  whether 
the  filtera  have  reaily  been  got  into  what  the  promotew 
of  the  experiment  would  consider  a  right  condition ;  but 
I  can  say  this,  that  I  have  examined  saimples  from  those 
filters,  and  i>ut  of  about  eight,  two  only  have  oome 
below  this  figure  02,  the. others  beiiw  decidedly  unsatis- 
factory—as high  as  0*4,  and  0*6,  arid  03.  f 

863.  And  are  they  dealing  in  those  beds  with  the 
effluent  from  preoipitation  ^At  first  they  dealt  with 
tank  effluents  from  precipitation  only,  but  latterly  they 
were  altered  so  as  to  receive  crude  sewage  on  the  firat 
bed,  and  that  drains  on  to  the  second  l^.  The  first 
is  a  coarse  filter,  a  bacterial  bed,  and  the  second  is  a 
final  filte^  It  is  from  the  seoond  filter  that  the  ssfnples 
were  drawn,  but  they  are  not  passing  more  than  80 
gallons  per  hour  for  24  hours— that  is,  the  crude  sewage. 

864.  (Professor  Foster,)  Is  the  second  filter  which  has 
been  adjn>ted  a  mechanical  filter?— No :  the  second  filter 
IS  a  bKrtogicau,  filter,  claimed  to  be  used  for  dealing  with 
the  solids  or  the  organic  matter  in  solution  on]y,  and  tbe 
first  of  the  filters  is  essentially  for  dealing  with  the  solid 
matter  in  suspension. 

866.  The  two  biologicai  filters  ?— They  are  both  bio:ogical 
filters,  but  if  either  of  them  is  a  mechanical  filter  abo  it 
is  the  first,  because  that  does  intercept  the  solids  is 
suspension. 

866.  (Colonel  Harding.)  What  becomes  of  those  soUds 
in  suspension  so  intercepted? — ^I  have  seen  them  there; 
but  I  have  not  seen  them  taken  away.  It  is  claimed 
they  do  eventually  become  oxidised,  or  at  any  rate  eatec 
up  by  the  bacteria. 

867.  (Professor  Foster,)  That  is  another  biological  filter, 
then ;  they  are  all  biological  filters,  then  f— They  are  all 
uM>lo(acaIr  fitersi 

86a  (Major-Generdl  Carey.)  They  are  divided  'n^- 
two,  the  coarse  and  the  fine  grain  filter ;  the  first  is  a 
rough  filter,  and  the  secocKd  a  fine  filter  ?— They  are  sepand» 
and  distinct  filters  on  two  different  levela.  On  the  llrst 
is  gas  ooke-^  daresay  which  would  pass  through  a  two- 
inch  rin«,  and  the  second  filter  is  much  finer,  almost,  liki, 
granite  ohippings. 

860.  Are  you  able  to  give  us  any  information  as  to  the 
rektive  periods  <xf  rest  or  any  detail  to  this  Blackburn 
H 
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Mr.       work,  or  must  we   obtain    that   from    the    Blackburn 

W,  Np/ifUr,  Mithoritiefl  ? — ^I  think  the  Blackburn  authorities  would  be 

^' roi"**  better  ftble  to  give  you  that  information,  because  knowiu" 

-11'      that  thej  had  officials  regularly  taking  samples  I  have  not 

18  July  1888.  ^qjj^  more  than  examine  the  samples  as  handed  in  by  my 

sub-inspectors. 

870.  (Dr.  Bussell.)  Do   you   work    under   th«   Bivers 
Pollution  Acts  in  vour  (Committee  ? — ^Yee,  1876. 

871.  Tou  have  no  epecial  Act  as  the  other  Committees 
]u^ye? — No  ;  at  the  time  that  the  Mersey  and  Irwefl  Com- 
mittee was  about  to  apply  for  their  Act  it  was  suggested 
by  some  mombere  of  the  Committee — ^I  tlhink  by  the  Clerk 
alfio — ^that  we  Should  also  apply  for  a  similar  Act.  How- 
-ever,  the  proposal  was  not  acceptable  to  the  whole  Com- 
mittee, and  we  decided  to  wait  and  see  the  result  of  the 
working  of  the  Mersey  and  Irwell  Act,  and  up  to  the  pre- 
sent we  hare  not  seen  that  we  are  at  much  disadvantage. 

872.  You  are  aware  that  there  is  some  difficulty  with 
reference  to  the  removal  of  sludge,  and  that  there  is  a 
remedy  in  the  local  acts  of  the  Mersey  and  Irwell  Joint 
Committee?— As  I  understand  it,  the  sludge  difficulty  is 
not  removed,  that  the  powers  which  the  Mersey  and  Irwell 
Joint  Committee  have  with  regard  to  sludge  refers  only 
to  sludge  deposit  in  precipitation  works,  that  is  sludge 
which  is  the  product  of  some  manufacturing  process, 
there  tiiere  is  a  saving  clause  with  regard  to  sludge 
depoeited  naturally  by  a  river. 

873.  The  matter  was  contained  in  Mr.  Tatton's  evi- 
dence, which  states  that  the  word  "  sludge"  has  been  in- 
troduced referring  to  solid  matters? — ^That  is  so,  they 
can  proceed  wiUi  regard  to  sludging  under  that  section 
of  the  Act  dealing  with  solid  pollution,  for  which  there 
is  a  different  law  than  for  liquid  pollution.  If  you  wish 
to  proceed,  I  think  it  is  under  Section  3  for  liquid  pollu- 
tion, you  are  bound  to  get  the  permission  of  the  liocal 
Gk)vemment  Board ;  but  if  you  are  to  proceed  for  solid 
pollution  you  can  proceed  without  such  permission.  The 
words  in  the  Mersey  and  Irwell  Act  and  the  words  in 
the  West  Riding  Act  introduce  the  word  "  sludge  "  so  as  to 
bring  sludge  within  the  term  solid  pollution,  but  it  does 
not  refer  to  solid  naturally  deposited  by  a  stream,  at  any 
rate  there  is  a  saving  clause  contrary  to  this. 

874.  Mr.  Tatton  says :  "  This  is  a  term  well  known  in 
"the  North  to  express  matter  in  a  semi-liquid  condition, 
"as  found  in  a  tank  or  reservoir  in  which  water  con- 
staining  suspended  matter  has  been  stored.  It  has 
"been  a  common  practice  to  run  off  these  reservoirs  into 
*'  the  stream,  and  eject  accumulated  sludge,  causing  seri- 
"ous  pollution."  Of  course,  it  is  a  question  of  law, 
but  it  seemed  to  me  that  that  met  it? — ^I  looked  at  the 
Mersey  and  Irwell  Act  in  question,  whOe  we  were 
proceeding  with  a  case  only  a  fortnight  ago,  the  sludging 
case  upon  which  we  are  now  appealing,  and  I  asked  Mr. 
Tatton  myself  about  it,  his  reply  being  that  under  their 
Act  they  could  not  proceed,  because  it  had  been  deposited 
naturally ;  the  West  Biding  Board  have  just  lost  an 
exactly  similar  case. 

875.  It  is  obviously  a  question  of  law.  Then,  as  to 
the  power  of  entry,  it  is  quite  specifically  said  that  the 
power  of  entry  has  been  granted  for  the  purpose  of 
taking  samples  with  penalties  for  obstruction? — ^It  has. 

876.  And  all  that  goes  as  an  argument  for  general 
legislation,  so  as  to  extend  those  amendments  of  the 
Bivers  Pollution  Act,  which  have  been  found  necessarv 
in  such  industrial  centres  as  are  represented  by  those 
Committees  seems  to  be  generally  applicable? — 1  think 
it  does. 

877.  Do  you  think  that  precipitation  ought  to  precede 
a  biological  filtration  ?— That  is  a  bacteriological  question 
upon  which  I  am  not  competent  to  give  an  opinion. 

878.  You  seem  to  have  more  experience  of  bacterio- 
logical or  biological  filtration  in  your  district  than  the 
other  committees? — ^Including  land,  yes. 

879.  Blackburn  and  Yeovil? — Ycnvil  is  in  Somerset- 
shire, and  in  the  case  of  Blackburn,  they,  at  the  present 
time,  are  treating  only  a  portion  of  their  sewajg;e  by  means 
of  bacteriological  filters,  probaMy  not  more  than  ^V?  the 
remaining  ^  is  passed  over  a  farm,  a  sewage  farm. 

880.  It  is  only  in  the  experimental  stage? — That  is  so 
at  Blackburn. 

881.  You  have  formed  no  opinion  fs  ^'^  tb^  nower  of 
those  filters  to  deal  with  crude  sewage  7 — ^No,  I  have  not. 

882.  Are  there  any  associations  of  trades  sach  as  we 
have  in  the  north,  such  as  paper  makers,  manufacturerR 
and  that  sort  of  thing? — ^Yes,  there  is  a  Papermakers' 
Association. 

883.  Hare  they  taken  any   combined   action   nr   f»T- 


pressed  any  combined  opinion  as  trades  with  refer  *n.^ 
to  any  part  of  yoiu:  procediure  ? — Yes,  but  that  actn.ii  at 
present  has  had  no  result. 

884.  Is  it  in  your  favour,  or  is  it  antagonistic? — It  is. 
decidedly  antagonistic,  and  it  has,  I  know  been  on  the  iapU 
at  meetings  that  they  should  themselves  promote  a  i5ill 
in  Parliament  rather  curtailing  the  powers  of  the  Joint 
Committee. 

885.  So  that  they  have  not  seen  that  your  work  has  been 
to  their  advantage  apparently  ? — ^Well,  they  do  not  admit 
that  it  is,  and  I  should  not  care  to  say  that  we  had  come 
to  the  paper  trade  in  any  way  as  a  benefit ;  neither  do  I 
think  that  was  the  object  of  the  committee  when  a  was 
formed.  We  were  not  received  with  a  very  great  wel- 
come, but  I  think  they  thought  that  we  should  really 
hit  them  much  harder  than  we  have  done.  In  my 
opinion  the  cost  to  which  they  have  been  put  in  tlie 
paper  trade  does  not  amount  to  more  per  ton  than  the 
paper  fluctuates  in  the  market  in  the  hands  of  financiers. 

886.  Other  witnesses  have  told  us  that  the  paper  mann 
facturers  had  really  benefited  by  your  restrictions  of  their 
output  of  solid  matter  and  soda? — I  should  not  care  to 
say  that  the  paper  makers  have  really  benefited  on  the 
whole. 

887.  Especially  in  view  of  the  fact  that  they  use  wood 
pulp  so  largely  now? — ^Wood  pulp  I  do  not  think  has 
been  long  in  the  market  to  the  extent  it  is  now.  The 
mills  I  know  I  think  would  have  resorted  eventually  to 
wood  pulp  had  these  three  Committees  not  come  into 
existence  at  alL 

888.  So  that  you  wiU  not  recognise  the  material  benefita 
to  the  manufacturer  in  that  instance,  at  any  rate? — I 
should  not  care  to  go  further  than  this :  to  say  that  they 
have  not  been  so  haidly  hit  as  it  was  generally  anticipated 
they  would.  To  say  that  they  have  received  much  ad- 
vantage, I  think  is  going  too  far,  because,  to  begin  witk, 
a  good  many  of  them — ^I  daresay  most  of  them — hsTe  had 
to  resort  to  pumping  liquors  before  treatment  to  a  con- 
siderable height,  which  of  course  is,  in  the  case  of  half  a 
million  gallons  a  day,  a  very  considerable  expense.  I 
do  not  think  the  paper  traders  themselves  would  say  tbey 
had  been  benefited ;  in  fact,  the  formation  of  this  com- 
bination of  the  paper  trade  rather  points  the  other  way. 

889.  Of  course  all  that  is  in  addition  to  the  cost  of 
production;  have  you  recognised  uiy  element  in  their 
antagonism  arising  from  this ;  that  these  restrictions  axe 
not  applicable  to  the  whole  land,  and  that  tibey  are  in  an 
invidious  sort  of  opposition  to  their  own  interests  as  com- 
petitors?— ^That  is  an  argument  that  I  have  often  heard 
put,  that  paper-makers  near  the  seaboard  are  not  in  this 
way  handicapped,  and  they  look  upon  it  as  rather  unfair, 
and  often  they  advocate  the  administration  oi  the  Act  in 
exactly  the  same  way  throughout  the  whole  of  England 
and  Scotland  for  that  matter. 

890.  Do  you  think  that  is  quite  a  reasonable  view  ? ^I 

do  indeed.     Those  complaints  have  been  made  to  me  both 
in  Lancashire  and  by  the  paper-makers  in  Somersetshire. 

891.  (Professor  Foster.)  Do  I  gather,  Mr.  Naylor,  'that 
you  are  not  wholly  satisfied  with  the  tests  for  the  purity 
of  the  effluent;  the  tests  you  have  employed? — Ko,  sir; 
that  is  not  what  I  meant  to  convey. 

892.  Have  you  not  pointed  out,  I  mean,  that  the  oxygen 
absorption  test  is  one  which  must  be  employed  with  care  T 
— ^That  is  so,  but  it  is  not  the  test  upon  which  I  really 
rely.  From  the  very  beginning,  in  1892,  I  used  the 
albuminoid  ammonia  test.  Various  members  of  my  Com- 
mittee are — ^well,  more  than  half  of  them — members 
of  the  Lancashire  County  Council,  and  as  in  that  capacity 
they  receive  the  reports  of  the  Mersey  and  Irwell  Com- 
mittee, also,  they  thought  it  strange  to  see  one  Committee's 
results  in  the  oxygen  absorbed  and  the  others  albuminoid 
ammonia.  The  Bibble  Committee's  figures  were  ex- 
pressed in  albuminoid  ammonia,  the  Mersey  and  Irwell 
Committee's  ficrures  on  the  oxygen  absorbed,  and  when 
the  matter  was  brought  before  the  notice  of  the  Com- 
mittee I  undertook  t^  present  also  a  second  column  of 
oxygen  absorbed.  Then,  to  my  dismay,  I  found  that, 
placed  as  they  are  always  in  order  of  amounts,  that 
particular  sample  with  the  lowest  amount  of  albuminoid 
ammonia  at  the  top,  and  that  with  the  most  at  the  bottom, 
the  figures  for  albuminoid  ammonia  did  not  coincide 
with  the  oxygen  absorbed  figures,  and  to  get  out  of  that 
difficulty  I  resorted  to  a  different  test  of  oxygen  absorbed. 
I  boiled  for  two  hours.  Then  they  certainly  did  tallv  to 
a  greater  extent.  It  was  then  the  highest  for  albuminoid 
ammonia — ^the  highest  for  oxygen  absorbed — and  vice 
vers&,  but  the  figures  for  oxygen  absorbed  were  so  ex- 
ceedingly high  that  they  did  not  serve  the  purpose  for 
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which  they  were  intended,  namely,  a  comparison  between 
the  Bibble,  Meraey,  and  Irwell  reeolta. 

895.  You  mean  by  the  procees  of  boaing  you  had  in- 
creased the  oxygen  absorbed? — ^Exactly.  At  the  same 
tkne  it  made  tiie  ratio  between  the  two  more  pennanent, 
then  I  went  back,  and  have  followed  for  the  last  three  or 
four  years  a  four  hours'  test  at  temperature  of  80  deg. 
Fahrenheit ;  but  if  I  do  not  estimate  the  oxygen  absorbed 
at  all  in  as  much  as  the  albuminoid  ammonia  amounts  to 
less  than  12,  and  by  leaving  out  all  those  figures  below  '12 
of  oxygen  absorbed,  I  managed  to  get  the  bottom  half  of 
the  figures  more  nearly  alike  ;  that  is,  you  are  more  likely 
to  get  a  constant  ratio  between  albuminoid  ammonia  and 
oxygen  absorbed  if  there  is  a  greater  quantity  than  if 
there  is  a  small  quantity. 

894.  May  I  gather  then  that  you  do  not  place  great 
troBt  in  tflie  oxygen  aibsofifbed  teet?— I  do  not.  I  only 
feg»ni  it  as  a  relative  test  for  detenninsng  the  putrea- 
«aDoe  of  the  samiple,  tihe  age  of  the  sample.  I  know  for 
a  fact  that  a  fresh  sample  will  absorb  more  oxygen  two 
days  later  than  it  does  when  it  is  first  drawn. 

896.  That  is  to  say,  during  those  two  days  a  certain 
change  has  taken  place  in  the  organic  material  ?— I  take 
h  that  decomposition  had  set  in,  the  ooanpounds  have 
become  lees  stable,  and,  therefore,  in  a  condition  to 
«beoit>  more  oxygen  than  they  were  previouBly. 

896.  tAjid  that  decomposition  is  brought  about  by 1 

— ^I  should  say  it  is  bi<Hogical  decomposition. 

897.  By  organisms  ? — ^I  should  say  so  as  a  chemist 

898.  You  have  never  examined  that  podnt  at  ail  ?-— I  do 
not  speak  at  all  as  a  bacteriologist ;  I  am  ignorant  on  the 
matter. 

899.  And  that  deoomposrltion ;  the  rate  of  that  might 
vary  under  different  circumstances,  might  it  not? — ^Un- 
doubtedly. 

000.  So  that  I  mean  y<m  take  two  samples  of  sewage, 
both  of  them  having  the  same  very  slight  ahaoxption  of 
oxygen,  or  even  absence  of  absorption  of  oxygen,  and 
after  two  days'  rest,  while  you  were  examining  them 
under  the  same  conditions,  one  might  have  a  very  great 
increase,  and  the  other  a  relatively  small  increase  in  the 
oxygen? — ^I  quite  see  the  possibility  of  that. 

901.  (Professor  Bamsay),  Might  I  ask  you,  Mr. 
IJ'aylor,  what  you  mean  precisely  by  absorption  of 
oxygen?  Do  you  refer  to  the  amount  of  permanganate 
used,  or  the  amount  of  free  oxygen  taken  up  ? — ^I  mean 
the  oxygen  absorbed  as  determined  from  the  amount  of 
permanganate  decomposed. 

002.  Are  you  aware  that  experiments  have  been  made 
on  the  absorption  of  free  oxygen,  atmospheric  oxygen  f — 
I  have  seen  in  the  scientific  papers  and  journals  mention 
of  the  matter,  but  I  have  not  followed  it  closely.  I  believe 
at  Dublin  there  were  some  experiments  made. 

003.  You  have  not  yourself  made  experim^ts  of  that 
kind? — No,  I  have  not. 

004.  Do  you  know  whether  experiments  have  been 
made  in  connection  with  either  of  your  Boards  ? — 1  have 
not  heard  of  any  in  connection  with  the  Mersey  and 
Irwell  Board,  and  I  know  that  no  such  experiments 
have  been  made  with  regard  to  my  own  Committee. 

005.  Do  the  two  teats,  the  permanganate  and  the  albu- 
minoid ammonia,  not  run  very  much  pari  passuj  because 
the  method  of  estimating  albuminoid  ammonia  ia  dis- 
tillation with  permanganate,  is  it  not? — Yes. 

006.  Would  you  not  imagine  that,  if  the  albuminoid 
ammonia  were  great  in  amount,  the  amount  of  perman- 
ganate destroyed  would  also  be  great  in  amount? — Yes, 
but  there  is  always  a  very  great  excess  of  permanganate. 

007.  But  the  amount  destroyed  would  be  in  propor- 
tion?— ^The  amount  destroyed  is  bound  to  be  muoh 
greater  if  there  is  a  greater  amount  of  organic  matter  pre- 
sent. Of  course,  it  is  done  by  a  boiling  temperature  in 
the  one  case,  and  in  the  other  case  at  80  degrees  Fahren- 
heit. 

006.  Then  is  that  the  reason  that  you  adopt  the 
process  of  boiling  ? — ^Undoubtedly,  that  was  a  method 
tiiat  occurred  to  my  mind  likely  to  result  in  the  two 
coming  out  about  the  same. 

000.  And  you  find  that  that  ie  so,  more  or  less? — I 
find  there  is  a  decided  relative  proportion  in  low  and  in 
high  amounts  by  boiling.  At  the  same  time,  the  figures, 
as  compared  with  the  four  hours  at  80  degrees  Fahrenheit, 
were  more  than  quadrupled,  so  that  my  best  sample  would 
probably  have  a  higher  figure  for  oxygen  absorbed  than 
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the  Mersey  and  Irwell'a  worst  done  at  the  four  honfiy        Mr. 
which  made  matters  really  worse  than  before.  ^'J^fffST' 

010.  I  suppose  you  regard  it  as  quite  obvious  that      ^^ 
other  carbon  compounda  besides  those,  capable  of  yielding  is  Jnlyieos. 
albuminoid  ammonia,  might  be  acted  upon  by  perman-  ~ 

ganate? — ^Undoubtedly.  I  look  upon  that  as  rather  an 
objection  to  oxygen  absorbed.  I  find  that  etfiuent^ 
which  are  low  in  albuminoid  ammonia  are  always  much 
higher  when  those  particular  effluents  have  come  from 
irrigation  areas.  I  find  that  invariably  so,  and  I  have 
often  drawn  attention  to  it,  that  a  sample,  aay,  Ubentlxig 
albuminoid  ammonia  *1  would  have  oxygen  absorbed 
possibly  '6  from  an  irrigation  area,  but  only  0*9  from  an 
artificial  filter,  which  I  think  is  really  due  to  other  carbon 
compounds,  which  you  have  suggested,  having  been 
picked  up  in  irrigation  areas. 

Oil.  Have  you  made  any  experiments  with  peaty 
waters  in  that  respect? — ^No,  but  we  have  one  or  two 
farms  which  are  of  a  peaty  character,  and  this  ia  more 
notable  in  those  cases  than  in  any  others. 

012.  (Professor  Foster.)  When  you  are  dealing  with 
your  permanganate  to  get  your  test  for  albuminoid  am- 
monia, you  are  really,  are  you  not,  oxidising  albuminoua 
matters  ?— Yes,  precisely. 

013.  But  in  your  simple  boiling,  previous  to  the  applir 
cation  of  your  permanganate,  you  are  simply,  by  soma 
means  or  other,  bringing  those  albuminoua  matters  into 
a  less  stable  condition? — ^No,  sir ;  I  think  you  misunder- 
stand. The  boiling  does  not  take  place  before  the  per* 
manganate  is  added  in  the  oxygen  absorbed  boiling; 
the  boiling  takes  ^lace  in  the  presence  of  the  perman- 
ganate. 

014.  I  thought  it  was  boiling  first,  and  then  adding 
the  permanganate  afterwards  ?---That  ia  not  so.  It  ia 
boiled  in  the  presence  of  the  permanganate,  and  the  two 
processes  are  identical,  except  that  one  ia  alkalin  and  the 
other  acid. 

015.  (Professor  Eamsay.)  That  is  always  as  regards 
the  reduction  of  permanganate  present;  you  add  much 
more  in  the  one  case  than  in  the  other?— ^uch  more. 

016.  Have  you  resolved  upon  any  standards  which 
you  would  like  to  see  introduced? — ^Well,  I  know  I  am 
treading  on  very  debatable  ground^  and  that  standards 
generally  are  not  received  with  much  iclat^  but  I  muat 
confess  that  I  have  seen  no  reasonable  objection  to  a 
standard,  and  I  think  it  would  have  many  advantages. 
I  think,  for  instance,  all  manufacturers,  no  matter  how 
they  are  situated,  can  reduce  the  matter  in  suspension 
below,  say,  three  parts  per  100,000. 

017.  May  I  interrupt  you  at  this  stage,  and  ask  you  : 
Do  you  agree  with  Mr.  Scudder  that,  by  reducing  the 
suspended  matter,  you  concurrently  reduce  the  amount 
of  dissolved  matter  ? — Not  necessarily ;  I  do  not  see  how 
thskZ  should  follow,  unless  precipitants  are  used  in  the 
reduction  of  the  suspended  matter,  which  precipitants 
might  throw  down  the  matter  in  solution.  Of  course, 
everything  depends  upon  what  the  matter  in  solution  it. 

018.  Precisely,  yes? — But  with  regard  to  suspended 
matter,  I  know  a  good  many  cases  where  it  is  removed 
by  simple  subsidence,  in  which  case  the  matter  in  solu- 
tion is. 

010.  (Professor  Foster.)  But  are  there  not  many  in- 
stances of  matters  in  solution  which  are  carried  down  by 
the  precipitation  of  substances  in  them? — ^Well,  of 
course,  there  is  always  free  lime  in  paper  mills  effluents, 
and  that  might  be  carried  down  by  the  addition  of  metal 
— by  an  iron  or  alumina  salt. 

020.  I  mean  organic  matter,  such,  for  instance,  as 
albimiinous  matters,  which  you  would  say  are  in  a  state 
of  solution  if  you  were  producing  them — ^a  precipitation 
of  material  then,  by  adding  foreign  material,  and  it  ia 
found  that  the  quantity  of  albuminous  matters  in  solu- 
tion has  been  diminished,  that  is  to  say,  carried  in  some 
way  mechanically  down  by  the  precipitant  without  being 
themselves  actually  precipitated  ?— Yes,  I  am  quit*  aware 
that  in  the  case  of  sewage  particularly,  organic  matter 
exists  in  a  sort  of  colloidal  state,  which  is  neither  in 
solution  nor  suspension,  and  that  aluminium  hydrates 
or  aluminium  oxides  have  the  power  of  carrying  it  down. 
I  have  often  been  compelled  to  give  that  matter  attentioo 
in  getting  up  evidence  for  cases  in  the  Court,  but  I  never 
found  that  it  amounted  to  a  very  great  deaL  I  have 
known  that  that  point  was  to  be  introduced  by  witneaaea 
acting  for  the  local  authorities  against  which  we  hav«  been 
proceedinc.  and,  knowing  that,  some  weeks  before  I  hard 
h2 
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W  Naidor   ^^^  experiments  wifch  the  idea  of  finding  out  to  what 
A.itj!cS!['  «3Ltent  organic  matters  in  solution  can  be  precipitated, 
v.0.8.      azld  I  have  always  been  compelled  to  state  in  the  witness- 
is  JuiyiSM.  ^^^^  *^^^  ^\  ^®®?  ^^^  amount  to  a-  rery  great  deal ;  at  any 
'  rate,  certainly  it  has  not  been  sufficient  to  dispense  with 
further  treatment.    Precipitation  cannot  be  relied  upon 
alone. 


921.  {Professor  IRamsay.)  Would  you  regard  it  in  any 
way  as  a  preliminary  stage  ;  I  mean  to  say  this  :  It  might 
b^  unjust  at  first  to  force  manufacturers  to  purify  their 
water   by  undertaking  chemical  precipitation.      Would 
you  regard  it  as  a  .preliminary  stage,  an  advisable  pre- 
liminary stage,    to  make   them   purify  their  water   by 
subsidence  or  by  simple  filtration,  so  as  to  remove  sus- 
pended matters? — ^I  should  not  lay  down  any  particular 
rule  which  they  were  to  follow  for  the  abstraction  of 
matter  in  suspension.     I  know  cases  where  they  get  it 
neatly  all  eliminated  by  means  of  subsidence  only,  whore 
no  predipitahts  are  used.     I  ItnaW  other  cases  where  it 
will  not  settie.     I  know  cases  where  the  lighter  matter 
ill  paper  mills  will  not  fall  at  a  greater  rate  than  one  foot 
in  six  liours,  whereas  if  a  precipitant  is  added,  as  cop- 
peras, it  will  fall  at  the  rate  of  two  feet  per  hour.     In 
fact,  my  experience  is  that  the  precipitate  of  copperas 
and  lime  at  the  rate  of  10  grains,  say,  of  lime  and  five 
of  copperas,  will  fall  at  the  rate  of  two  feet  per  hour. 
In  cases  where  the  rate  of  deposit  is  so  slow  as  one  foot 
in  six  hours,  it  mij^ht  pay  a  manufacturer  to  use  predpi- 
tsffifts,  especially  if  he  is  cramped  for  settihig  space,  but 
if  he  is  not  cramped  he  may  prefer  to  have  a  larger  tank, 
and  do  away  with  the  precipitants  altogether. 

922.  Then,  to  come  back  to  the  point  we  started  with. 
Would  you  make  it  necessary  for  the  manufacturer  to 
reduce  the  suspended  matter  to  some  definite  maximum 
amoimt  ? — I  would,  and  I  know  of  no  mill,  whether  it  be 
in  town  or  in  counlay,  that  could  not  conform  to  that  rule. 

923.  Then,  as  regards  further  purification,  have  you  anv 
idea  as  to  standards  for  sewage  contamination? — Well, 
of  course  I  can  only  suggest  in  that  the  standard  that  we 
are  working  Upon"  unofficially:  It  is  well  known  to  the 
Committee,  and  in  the  Bibble  Watershed,  that  is,  I  made 
a  complaint  if  the  effluent  is  not  brought  below  0*2  albu- 
mindd  ammonia,  subject  to  nothing  special  being 
divulged.  But  under  special  circumstances  we  resort  to 
an  examination  for  oxygen  and  nitrates.  I  should  not 
agree  to  make  any  hard  and  fast  standard  for  the  oxygen 
absorbed,  beoause  I  think  everything  depends  upon  the 
age  of  the  sample.  • 

924.  Then  are  there  any  other  standards  which  you 
would  suggest  as  regards  the  presence  of  foreign  metals 
— ^I  mean,  bearing  out  the  lines  of  the  Report  of  the 
Commission  of  1868? — ^I  think  initially  I  should  not  do 
more  than  that  with  regard  to  sewage,  nor  more  than  the 
matter  in  suspension  with  regard  to  manufacturers,  un- 
less to  iHTohibit  anything  like  an  alkalinity  or  acidity  which 
is  perceptible  by  litmus. 

025.  Wh&t  does  it  mean  numerically;  what  amount 
would  you  say  ?— I  mean  to  say  tlhat  practically  it  can  be 
neutralised,  so  that  litmus  is  not  affected  appreciably. 

926.  But  you  do  not  know  how  much  acid  that  Tequiree  t 
— "No ;  it  is  certainly  rather  vague ;  I  am  speaking  only 
genmlly.  A  good  deal  would  depend  on  the  litmus.  I 
would  state  generally  it  should  be  neither  alkaline  nor 
acid;  but  neutral. 

927.  Ttten  also  there  were  some  other  recommendations 
I  think  $B  regatrds  colour.  I  tiiink  you  would  say  that 
^e  water  shotild  not  be  deeply  coloured  at  all  events  ? — 
I  should  not  agree,  sir,  to  nusJce  any  objection  to  the 
colour. 

828.  {Major-C^enerdl  Carey,)  Hhe  tests  of  impurity  in 
the  Bfbble  watershed  and  ti^e  Mersey  and  IrweM  are 
Sflsentiaiiy  different,  are  they  not ;  you  cannot  readily 
oompaie  the  two  ? — ^They  cannot  readily  be  compared ; 
neither  to  tiie  best  of  my  knowledge  can  any  other  two 
tests.  I  did  use  Sir  Edward  Frankland's  test  before  Mr. 
Scudder  or  Sir  Henrf  Boscbe  acted  for  the  Mersey  and 
Irwell  Conmritbeei  I  was  engaged  by  them  in  the  action 
against  ^Uie  Bury  Corporation.  In  that  case  I  used  the 
onifanie  carbon  and  nitrogen  test  -  propounded  by  Sir 
Edward  FranMand.  It  was  >bbjected  to  by  the  chemists 
engaged '  oti  the  otiier  side  ae"  being  uncommon,  and  with 
the  idea  of  getting  a  ratio  between  that  and  albuminoid 
ammonia  certain  experiments  were  carried  out  by  me  and 
Mr.  Davies,  the  editor  of  the  Chemical  Trade  Journal, 
But  we  C9iiie  to  nb  satisfactory  conclusion  at  all.  We 
could  not  get  a  ratio  between  the  two,  neither  do  I  think 


it  is  possible.  I  know  it  has  often  been  tried  to  get  * 
ratio  between  the  oxygen  absorbed  and  the  albummoid 
ammonia,  and  the  organic  carbon  and  nitrogen. 

929.  Your  "2  albuminoid  ammonia,  as  f ar  cus  I  under- 
stand, is  as  nearly  as  possible  equivalent  to  the  '3  of  the 
Boyal  Commission  of  1868,  '3  of  organic  matter  ?— I  think 
it  is.  Of  course,  you  get  less  of  the  albuminoid  ammonia 
ratiher;  the  actual  nitrogen  in  "2  will  be  fourteen- 
seventeentiis  of  -2,  a  Httle  less,  but  that  I  beUeve  is  about 
the  equivalent  of  3  that  the  first  Itivers  PoUution  Com- 
mission  suggested. 

930.  Then  have  you  prepared  any  details  of  your  re- 
sults of  the  different  methods  of  treatment  that  the 
Mersey  and  Irwell  Joint  Committee  have  given  us?— 1 
have  not  anv  detailed  statement,  but  I  am  quite  prepared 
to  say  that  we  have  had  good  effluents,  that  is,  we  have 
had  albuminoid  ammonia  below  1,  we  have  had  *0&  and 
'09  feom  every  process  of  treatment  in  the  watershed. 
Of  course,  none  of  them  is  permanent.  You  may 
go  one  day  to  an  artificial  filter  and  get  an  ex- 
ceedingly good  result;  another  day  probably  from 
some  causes  that  are  uncontrollable  you  will  not  get 
such  a  good  result.  The  same  thing  applies  to  land, 
perhAps  not  due  to  the  same  causes ;  it  may  be  due  to 
flooding,  or  the  land  may  have  become  saturated.  I  think 
I  ought  to  say  at  this  point  that  when  it  was  reported  to  my 
Comnuttee  on  Monday  that  I  ehould  attend  before  this 
Oommdesion  several  menkbers  of  the  Committee  expresaly 
wished  me  to  point  out— said  so  publicly— that  most  of  th» 
land  being  used  for  sewage  farming  is  of  a  nature  hard 
and  clayey,  and  not  suitable  in  its  present  condition  for 
filtration  purposes. 

931.  And  they  have  not  attempted  to  purify  the  sewage 
through  this  unsuitalble  land.  Are  those  the  cases  in 
which  artificial  filtration  has  been  adopted  ? — Well,  ^ 
most  of  the  cases  they  have  resorted  to  artificial  filtration 
because  of  the  nature  of  the  land ;  with  the  land  they  had 
Ijhey  were  unable  to  produce  an  effluent  that  was  satislac- 
tory.  Blackburn  is  a  case  in  points  They  are  resorting 
now  to  artificial  filtens,  because  they  claim,  rightiy  or 
wrongly,  to  be  unable  to  produce  an  effluent  of  a  satisfftc- 
tory  character  from  the  land  they  have  got  The  Borough 
of  Accrington — it  is  not  a  case  in  point,  they  have  no. 
land  at  all  there — are  resorting  to  artificial  filtration; 
they  claim,  rightly  or  wrongly,  that  there  is  no  land  in 
the  immediate  neighbourhood  that  is  suitable  for  sewage 
treatment.  I  know  of  my  own  knowledge  that  the  land 
in  the  immediate  neighbourhood  is  of  a  clayey  character. 

932.  {Sir  Richard  Thome.)  May  I  take  it  from  your 
answer  to  General  Carey  that  you  are  not  in  a  position  to 
give  us  any  comparison  in  the  Kibble  Vtdley  between  pre- 
cipitation with  artificialfiltration  and  precipitation  with 
land  filtration  ? — 1  should  say  it  is  impossible  now  or  at 
any  other  time  to  draw  a  comparison  between  artificial 
filtration  and  land  filtration  unless  tiie  i^sulis  on  which 
that  comparison  were  made  extended  over  twelve  montha 
at  the  very  least.  It  is  a  common  thing  to  find  tiie 
effluent  good  at  one  portion  of  the  day  from  a  sewage  farm 
and  not  so  good  at  another.  The  same  thing  applies  ex- 
actly to  artificial  filters.  I  have  had  a  sample  of  the 
Blackburn  artificial  filters  giving  0*07 ;  and  a  sample 
giving  0*4  and  0'5  the  same  week. 

633.  But  does  this  mean  that  you  have  not  had  suffi- 
cient time  in  the  Babble  Valley  to  form  an  opinion  I — With 
regard  to  bioloffical  artificial  filters  yes,  but  with  regtad 
to  mechanical  niters  or  such  as  the  polarite  filters  I  say 
no.  We  have  had  quite  sufficient  experience  with  these 
to  form  an  opinion. 

934.  Take  biological  filters,  can  you  compare  thoaa 
wikh  lafid,  thlit  is  to' say,'  precipitation  nrecedin^  in  eaeh 
case  the  filtration  ? — ^I  do  not  think  anybody  can. 

936.  You  cannot? — ^I  cannot. 

fii36.  Have  you  any  experience  as  to  the  effect  of  timd* 
effluents  on  the  action  wnich  is  desired  to  be  achieved  fay 
means  of  septic  tanks  ?— iNo,  I  have  not 

937.  {Chairman.)  Would  you  not  say  your  Yeovil  , 
perience  was  ?— Well  that,  my  lordj  is  trade  refuse,  diffc 
ing  very  little  indeed  from  the  sewage  in  the  aewens  into 
which  it  enters.  That  is  trade  refuse  of  an  absolutely 
or^mic  character.  I  had  in  mind  when  the  question  was 
cuiked  the  case  of  Wolverhampton.  I  was  formerly  with 
the  Wolverhampton  Corporation,  and  I  had  in  niind  the 
galvanisers'  ]^ickle.  Well,  speaking  as  a  chemist,  not  tm 
a  bacteriologist,  I  should  suegest  that  the  galvaniseo* 
pickle  W6ula  h&ve  father  a  deleterious  effect  on  any  hao* 
logical  syertem  of  sewage  treatment.    Of  course,  the  sama 
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tliiiig  applies  In  tibe  case  of  St.  Helens,  in  Lancaflihire ; 
there  is  a  good  deal  of  galvamser^  pidde  entering  the 
aeirers  there. 

938.  (Professor  Bamsay.)  Would  you  explain  what  gal- 
vaniBeitfpickle  is,  Mr.  Naylor  ?— With  pleasure.  In  the 
case  of  m>lyerhampton  the  staple  industry  is  the  making 
of  corrugated  iron  sheets,  which  are  coated  with  zinc. 
The  sheets  are  passed  through  molten  zinc ;  before 
passing  through  they  are  allowed  to  stand  in  sulphuric 
acid,  so  that  any  oxide  on  the  surface,  will  be  dissolved, 
and  that  the  plate  as  passing  through  the  molten  zinc 
will  present  a  surface  of  pure  iron,  to  which  the  zinc  will 
adhere.  Then  the  acid  in  which  the  shejts  have  been 
standing  is  Imown  as  galvanisers*  pickle.  It  is  sulphate 
of  iron.  In  the  case  of  hydrochloric  acid  being  used  it  is 
muriate  of  iron.  But  why  I  say  it  would  probably  be 
prejudicial  to  any  biological  treatment  is  that  the  acid  is 
very  rarely  neutralised  before  it  is  thrown  away.  It  is 
always  in  my  experience  acid  at  the  time  it  is  thrown 
away.  The  process  would  be  eo  slow  that  it  would  not 
pay  to  keep  it  towards  the  end.  They  would  get  new 
acid  rather  than  allow  the  slow  process  to  go  on. 

930.  (Sir  Bichard  Thome.)  There  was  one  answer  of 
yours  which  I  did  not  quite  follow.  If  I  understood 
you  rightly  your  opinion  is  that  it  would  be  fair  to 
require  as  regards  a  trade  effluent  passing  into  the  sea  as 
hi^h  a  standard  as  that  which  had  to  flow  i^to  a  waters 
course,  which  might  be  used  for  various  purposes  below  ; 
dad  I  understand  you  rightly  ^-No,  sir,  I  do  not  tiWnk 
you  did;  weU,  you  do  not  now  understand  me  rightly 
Wanse  I  was  not  aware  that  I  made  that  statement. 
When  I  speak  of  standards  I  am  referring  only  to  factories 
and  authorities  under  the  Bivers  Pollution  Act. 

940.  Pardon  me,  I  do  not  mean  ''standard"  from  the 
chemical  point  of  view,  but  that  the  effluent  which  goes 
into  J;he  sea  should  be  as  pure  as  is  required  of  manu- 
factnrers  who  have  not  the  advantage  of  the  sea  and 
are  obliged  to  pass  their  effluents  into  watercouiees.  1 
think  you  said  a  claim  had  been  made  by  manufacturers 
Hiat  all  should  he  treated  alike,  and  you  lihought  it  was 
only  fair  they  should  ?— Ko,  yon  misunderstood  me.  I 
have  badly  expressed  myseHf.  What  I  meant  was  Hiis, 
.ihflt  manufacturers  inland  complain  tjiat,  the  trade  is 
being  driven  to  the  seaboard,  that  manufacturers  go  there, 
and  further  that  they  are  not  treated  in  Lancsshire,  and 
in  Somersetshire  and  in  Yorkshire  as  they  are  in  Leicester- 


shire  or  Nottinghamshire,  or  at  a  seaboard.     Of  course,        Ur. 
the  Act  is  not  in  operation  in  some  countries,  and  it  is  ^;J^^^'. 
not  in  operation  at  the  seaboard  ;  that  is  what  I  mean.         *  f.o.s.  *  • 

941.  No,  but  to  whose  advantage  would  it  be  that  a  is  jii^isfls. 

person  delivering  his  effluent  into  the  sea  where  it  couUi      

do  no  harm  ahoi^d  be  treated  with  the  same  severity  as  a 
manufacturer  in  the  Midlands  passing  his  effluent  into  the 
stream  where  it  would  do  harm? — ^I  should  not  for  a 
moment  propose  to  treat  a  manufacturer  on  the  seaboard 
or  in  a  tidal  estuary  in  the  same  way  as  a  manufacturer 
on  the  upper  reaches  of  the  river. 

948.  Then  there  must  be  inequalities  as  regards  the 
cost  of  production  from  that  point  of  view  ? — Undoubtedly  - 
there  is.  I  am  afraid  I  have  not  been  clear  on  the  point 
yet.  A  manufacturer  in  Lancashire,  I  should  have  said, 
complains  that  he  is  being  treated  more  roughly  than  a 
manufacturer  at  the  seabed,  or  a  manufacturer  who  is 
not  at  the  seaboard,  say,  in  Leicestershire,  if  there  should 
be  a  paper  mill  there  where  the  Act  is  not  really  adminis-i 
tcred. 

943-960.  (Chairman.)  There  is  only  one  more  question 
I  should  like  to  ask  you.  Tou  deal,  I  presume,  with  a 
large  quantity  of  land.  I  mean,  your  experience  of 
sewage  treatment  is  over  a  great  deal  of  land? — ^Yes. 

961.  And  you  have  told  us  that  a  great  part  of  that 
land  is  clay  ? — Some  portion  of  it  is  clay ;  I  should  not 
care  to  say  the  greater  portion  is  clay;  I  said  that  I 
knew  instjuices  where  there  was  land  of  a  clayey  kind ;  I 
should  not  care  to  say  more  than  that. 

962.  And  are  you  of  opinion  that  the  clay  land  is  very 
unsuiiabie  for  sewage  treatment? — Yes,  I  am,  unless  it 
is  specially  treated. 

963.  And,  also,  I  gather  from  your  evidence  that  you 
find  the  result  on  the  sewage  produced  by  land  treat- 
ment varies  very  much  ? — ^It  does. 

964.  It  varies  more  than  you  would  have  expected 
probably? — ^I  said  the  effluents  varied.  Of  course,  vary- 
insi^  effluents  may  be  due  to  other  causes  than  the  direct 
elfect  of.  the  land ;  they  may  be  due  to  ground  water,  or 
to  rain  in  the  case  of  land,  but  are  not  so  likely  to  be  due 
to  the  same  causes  as  in  the  case  of  artificial  filters. 

966-970.  Of  course  effluents  are  exposed  to  more  aeci- 
d<^nt  in  that  way,  but  practically  you  do  find  that  aa 
effluent,  which  is  treated  only  by  Umd,  varies  much  in  its 
quality  ? — ^It  does. 


POUETH    DAY. 


Thursday,  14«A  July,  1898. 


PfiESENT  : 

The  Earl  of  Iddesleigh  (Chairtfian,  pr^iidmg). 


Sir  Richard  Thobne  Thoknb,  k.o.b.,  f.r.9. 
Professor  Michael  Fostbb,  f.r.8. 
Professor  William  Ramsay,  f.r.b. 
Miyor-Qen.  Conbtantikb  Phipm  Carey. 


Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding, 
Mr.  Thomas  William  Killick, 
Mr.  Charles  Philip  Cotton. 


Mr.  F.  J.  Willis,  Secretary. 


Mff.  TbbVob  Edwards, 

977-079.  (Chairman.)  You  are  Clerk  and  Solicitor  to 
the  West  Biding  of  Yorkshire  Bivers  Board  ?— Yes. 

960.  What  is  the  oonsMtutnon  of  the  West  Baddng  of 
Yorkshire  BiverB '  Boaxd  ?^The  West  Bidi]^  of  York- 
shire Rivers  Board  was  fonmed  under  the  title  of  the 
JmUBtt  Oommitt^  for  the  Biverd  of  the  West  Biding  of 
Yddosfaire  by  a  ProvisioDAl  (Mer  of  the  Local  Govern- 
ment  Board,  made  under  Section  14  (3)  of  the  Local 
Govemnent  Act,  1888,  and  oonfinned  hy  the  Local 
Qoveimnent  Board's  Brovisional  Ordets  (Donfirm^ion 
OJo.  16)  Act,  1805.  Its  present  title  yfts  given  by  its 
fipecuA  Act  of  1894.  The  Board  consists  of  thirty  mem- 
bm  eleeted  by  the  OountsilB  of  the  Admimstratave 
QwMsf  of  the  West* Biding,  and  the  five  .County 
Bofoughsof  Briidford,  Hcdifax,  Htddersfi^ld,  Leeds,  and 

Vita. 


oalled ;  and  Exanined. ' 

Mr.  T. 

Edwaird». 
Sheffield,  from  among  their  members,  as  follows-: — ^B;^       — 
the  Council  of  the  County  of  the  West  Biding  of  York-  "''^^y^***^' 
shire,  eighteen  members ;  by  the  Council  of  the  County 
Borough  of  Bradford,  three  members ;  by  the  Council  of 
the  County  Borou^  of  Halifax,   one  member;    by  the 
Council  of'tiie  County  Borough  of  Huddeisfield,  one 
metn/ber;    by  the   CSouncil   of  the   County  Borough   of 
lieeds,  four  members ;' by  the  Council  of  the  County 
Borough  of  Sheffletd,  three  members.     The  oonstitnent 
authoi*ies  oon^ribuite  towards  the  expenses  of  the  Board 
in  the  proportion  of  the  number  of  members  elected  hv 
«MJh,  and  this  may  generally  be  taken  as  representing 
iheir  rateable  valtie  in  proportion  to  the  rateable  vcduo 
of  the'geogi^Aioiil'obuiity. 

*981.  Wiiat  is  tfie  area  of  the  Boaid's  operotioiis  ?--. 
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ifr.  T.     The    area    of   the    Board's   operatiozis    extends   to   the 

RdwardM.   geogmphicol   county   of  the   West  Biding,    which   em- 

uJuiyi89S.  braces  the  rivers  Ouse,  Ure,  Nidd,  Whaife,  Aire,  Oal- 

der,  Don,  and  Trent,  all  falldng  into  the  Humiber;  the 

rivers  Tame  and  Ribble  flowing  into  Lancashire ;  and 
the  river  Lune  flowing  into  Westmoreland.  The  sani- 
tary diertricts  within  that  area  are  170  in  number,  con- 
sisting of  :  — Five  County  Boroughs,  thirteen  Non-County 
Boroughs,  122  Urban  Dietriofas,  thirty  Bural  Districts ; 
total,  170. 

082.  What  is  the  acreage,  population,  and  rateable 
value  of  the  Board's  area?— The  acreage,  population, 
and  rateable  value  of  the  geographical  Biding  are  as 
follows: — 


Acres. 


Population, 
Census  1891. 


Rateable 

Value. 


The  AdministrattTe  County  of  the 
West  Hiding  of  Yorlcshire  - 

The  County  of  the  City  of  Leeds  - 

The  County  of  the  City  of  Sheflleld 
The  County  of  the  City  of  Brad- 
ford      

The  County  Borough  of  Hudders- 
fleld 

The  County  Borough  of  Halifax  - 
Total,  Riybrs  County    •    • 


1,701,877 
21,572 
19,661 

10,778 

11.788 
8,209 


1.773,878 


1,351,672 
867,606 
824,248 

216,861 

06,420 
89,888 


2,446,085 


£ 
7,167,022 
1,618,661 
1,274,000 

1,180,876 

487,818 
878,867 


11,891.218 


083.  What  were  the  reasons  of  the  Board's  establish- 
ment?— The  chief  reasons  for  the  creation  of  the  Board 
were :  — ^Fdrst.  The  exceedingly  foul  state  of  the  rivers 
of  the  Riding  4>hreading  the  populous  districts,  and  the 
general  abuse  of  all  the  rivers  by  their  being  made  the 
scavenging  agency  for  the  solid  and  liquid  filth  of  the 
towns  and  villages.  Second.  The  non-exercise  by  the 
sanitary  authorities  of  their  powers  under  the  Public 
Health  Acts  and  the  Bivers  Pollution  Prevention  Acts, 
for  the  preservBltion  of  the  natural  condition  of  the 
rivers  and  streams.  Third.  An  increasing  pubUc  opinion 
in  favour  of  purer  and  more  sanitary  waterways. 

984.  What  are  the  powers  of  the  Board  % — ^The  powere 
of  the  Board  are  generally :  — ^First.  Those  of  a  sanitary 
authority  under  the  Bivera  Pollution  Prevention  Acts. 
Second.  Those  under  their  own  Special  Act — the  West 
Biding  of  Toricshire  Rivers  Act,  1894. 

065.  In  what  respect  does  the  Special  Act  of  1894 
differ  from  the  general  Acts? — ^The  main  differences 
between  the  general  Acts  and  the  Board's  own  Act 
are :  — (1).  The  County  Court  is  the  tribunal  for  trying 
offences  under  the  general  Act,  while  under  the  West 
Riding  Act,  1894,  it  is  that  of  the  Magistratea.     (2).  The 


Act  of  1876  requires  a  two  months'  notice  of  action  in 
aH  cases  before  legad  proceedings  can  be  instituted, 
while  under  the  Act  of  1894,  no  prior  notice  is  re- 
quired except  to  luanufiaoturerB  in  respect  of  liquid 
manufacturing  pollutions,  in  which  cases  a  special  pro- 
cedure of  preliminary  investigation  must  be  observed. 
(3.)  The  Act  of  1876  requires  proof  of  pollution  or  ob< 
struddon  in  respect  of  solid  maitters  thrown  into  the 
rivers,  while  the  Act  of  1894  makes  the  casting  in  o( 
extraneous  solids  an  offence,  irrespective  of  cons^ 
quencee.  (4).  The  Rivers  Board  and  the  Local  Govern- 
ment Board  are  made  the  arbiters  of  the  feasibility  and 
reasonableness  of  cost  of  purifying  trade  liquids  in  lieu 
of  the  Court  or  a  Local  Government  Board  Inspector, 
as  under  the  Act  of  1876.  (5).  A  power  of  entry  for 
the  taldng  of  siuniples  of  effluents  is  given  under  the 
Act  of  18H94,  while  none  exists  under  the  Act  of  1876. 
(6).  The  Act  of  1894  requires  the  use  of  efficient  settling 
tanks  before  the  discharge  of  coal  washing  effluents  into 
a  stream.  (7).  The  Act  of  1894  defines  ''liquid  sewage" 
for  the  first  tune  in  legislation. 

986.  What  was  the  reason  for  obtaining  the  Specisi! 
Act? — The  reason  for  obtaining  the  Special  Act  dt  1894 
was  mainly  to  obtain  a  more  expeditious  procedure,  so 
as  to  assimflate  the  prevention  of  nuisances  to  rivers 
to  that  of  nuisances  under  the  Public  Health  Acts. 

987.  Wlhat  is  the  average  cost  bf  the  administration 
of  the  Rivers  Board? — ^The  present  normal  expenditure 
of  the  Board  is  about  £6,000  per  annum,  or  about  l-7th 
of  a  Id.  in  the  £  upon  the  rafteaible  value  of  the  Riding. 

988.  Of  what  does  the  establi^ment  of  the  Board 
consist  ? — ^The  staff  of  the  Board  numibera  seventeen  pw- 
sons,  consisting  of  one  oleik  and  solicitor,  one  chief 
inspector,  six  clerks,  and  nine  district  and  assistani 
inspecton. 

969-991.  Has  the  Board  encountered  any  difficulties  in 
prosecuting  its  work? — ^The  chief  obstacles  in  the  path 
of  the  Board  are :  — (1).  The  reluctance  of  sanitary 
authorities  to  expend  money  on  works  of  sewage  dia- 
posal,  owing  to  the  non-productiveness  (as  it  is 
erroneously  termed),  coup<led  undoubtedly  with  the  fact 
that  efficient  sewage  punfioation  as  at  present  followed, 
is  costly.  (2).  Similar  reluctance  by  manufacturera  on 
the  ground  of  diminuti<m  of  profits.  (3).  Indisposition 
of  sanitary  authorities  to  receive  trade  liquids  on  the 
ground  msinly  of  t-he  enhanoed  cost  of  treatment  of  an 
enlarged  volume  of  sewage ;  and  the  dissatisfaction  of 
manufacturers  at  the  refusal  by  sanitary  authorities  in 
many  districts  to  receive  trade  liquids,  coupled  again 
with  the  costliness  of  purification.  (4).  The  still  lin- 
gering belief  bom  of  long  usage  that  the  flowing  streams 
are  the  natural  means  for  carrying  away  the  offscourings 
of  the  populttbion. 


Dr.  H.  Maclean  Wilsok,  M.D.,  B.Sc.,  Chief  Inspectot  of  the  West  Riding  of  Yorkshire  Riven  Board,  called  ; 

and  Examined. 


Dr.  H.  M. 

K.D.,  B.80. 


992.  Tou  are  Chief  Inspector  of  the  West  Riding  of 
Torkshire  Rivera  Board.     How  long  have  you  held  your 

post? — Since  October,  1896— one  year  and  nine  months. 

I  succeeded  Dr.  Whitelegge,  who  was  also  the  County 
Medical  Officer. 

993.  What  are  your  duties  under  the  Board  ?— I  have 
the  supervision  of  the  outdoor  staff  of  the  Board,  nine  in- 
apectora,  each  of  them  having  a  district  allotted  to  him, 
and  I  have  also  the  chemical  work  in  charge  of  the 
laboratory  belonging  to  the  Board,  which  has  now  been 
established  some  ten  months,  and  have  generally  to  advise 
the  Board  in  aU  cases  of  proceedings. 

994.  Is  your  whole  time  given  up  to  the  service  of  the 
Boaid  ? — ^My  whole  time  is  given  up  to  the  service  of  the 
Board. 

995.  You  do  no  other  work  ? — 1  do  no  other  work. 

Appendix  095.  Could  you  give  us  any  description  of  the  riven 
*[H^*  coming  within  the  jurisdiction  of  the  Riven  Board?— I 
think,  my  Lord,  if  you  will  look  at  this  map  which  I  sent 
in  you  will  see  the  river  valleys.  With  the  exception  of 
this  small  part  and  this  (indicating)  aH  the  couofy  idopes 
towards  the  east  to  the  Humber,  and  these  are  the  river 
valleys.  In  this  map  the  rivera  themselves  are  marked. 
These,  the  Ure,  the  Nidd,  and  the  Wharfe,  and  the  Ouse 
and  the  Trent  tributaries  are  practically  dean  streams. 
There  is  very  littie  pollution  in  these  streams  ;  the  Aire, 
the  Calder,  and  the  Don  are  most  polluted.  The  Aire 
down  to  Bradford  is  practically  a  clear  stream,  it  is  not 
much  polluted  ;  from  there  down  to  the  Ouse,  where  it 


joins  the  Ouse.  it  is  really  an  open  sewer.  It  conveys  a 
great  part  of  tne  sewage  of  the  county  borough  of  Brad- 
ford, and  the  partially  purified  sewage  of  Leeds.  The 
C&lder  rises  at  Todmorden  just  on  the  border  of  Lanca- 
shire, and  from  Todmorden  it  is  polluted  the  whoUe  way 
down  by  the  sewage  of  Todmorden  Borough,  and  the  other 
places  aown  here,  and  the  county  boroughs  of  Huddena- 
field  and  of  Halifax  drain  into  it.  The  Don  is  polluted 
not  with  sewage  or  ordinary  trade  effluent,  but  with  ochre 
water  from  the  mines  at  the  top  part  down  as  far  aa 
Sheffield.  The  sewage  of  Sheffield  is  only  partially  puri- 
fied, and  there  are  several  places  below  with  unpunfied 
sewage  going  in,  so  that  the  state  of  the  river  below  is 
yery  bad,  though  not  so  bad  as  thei  Aire  and  Calder.  This 
small  tributary  of  the  Money,  the  Tame,  is  very  much 
polluted  with  trade  effluents ;  there  are  about  fortj 
w(  oUen  and  other  miUs  on  the  stream. 

997.  How  should  you  say  the  state  of  the  riven  a(t 
present  compares  with  their  state  when  they  were  visited 
by  the  Royal  Commission  in  1865  ? — ^Wdl,  I  should  aaj 
that  probably  they  are  quite  as  bad  now  as  they  weva 
then  (although  a  great  deal  of  improvement  has  taken 
place  lately  for  several  reasons).  The  populaticm  has  been 
increasing  greatly,  and  public  water  supplies  have  been 
put  in  instead  of  supplies  from  wells,  and  a  great  number 
of  dry  closets  and  privies  have  been  converted  to  water 
doseto.  Sewerage  schemes  have  been  carried  out,  so  thai 
a  great  deal  of  refuse  wfhich  formerly  did  not  reach  the 
straams  does  now  reach  the  streams,  and  the  constmotion 
of  purification  works  has  not  been  keeping  pace  with  t&alw 

996.  Are  the  watera  of  the  streams  impounded  in  suhb^ 
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ipnendiz  «*««  *<>'  w**®^  supplies  1—1  have  submitted  another  plan 
Sa  18.    af  the  Calder  basui,  wliich  shows  pretty  well  the  state  of 
—     matters  on  most  of  the  rivers.     Those  areas  coloured  blue 
and  yellow  round  the  fringe  of  the  Calder  basin  round  the 
watershed  are  gathering  grounds  that  have  been  taken 
up,  and  you  will  be  able  to  see  that  practicaliy  all  the 
upper  reaches  of  the  stream  have  been  impounded  for 
water  supplies,  and  the  same  is  true  of  the  Don,  and  to  a 
great  extent  of  the  Aire,  and  partly  of  the  Wharf  e  as  well. 
QOQ.  Do  you  put  in  a  report  of  the  pollutions  by  domes- 
tic sewage  ?— That  is,  my  Lord,  the  large  report  of  the 
survey  of  the  whole  Biding  which  was  made  by  the  Bivew 
Board,  so  that  they  might  see  the  outf ails  of  domestic 
sewage  and  the  sewage  works  within  the  Bdding. 

1000.  Is  this  the  report  (exhibiting  volume)  1— The 
smaller  one  of  those  two  volumes,  that  deals  with  domestic 
sewage. 

1001.  Yes,  I  see.  When  was  this  made?— This  was 
completed  in  1896,  and  in  it  there  is  a  good  deal  of  the 
work  which  was  done  at  the  instance  of  the  Board,  follow- 
ing on  the  work  done  by  the  County  Council  previous  to 
the  constitution  of  the  Board. 

1002.  Do  you  present  these  copies?  We  may  keep 
theee?— Tee. 

1003.  Have  you  any  remarks  that  you  wish  particularly 
to  make  on  the  subject?— As  to  the  extent  of  the  work 
there  are  five  county  boroughs  in  the  jurisdiction  of  the 
Board,  13  non-county  borougihs,  and  12Z  other  urban  dis- 
tricts, and  30  rural  districts.  Then  the  progress  made 
since  the  report  was  presented  in  1896  is  marked  in  red 
ink  in  those  copies  which  have  been  handed  in,  but  in  ad- 
dition to  that — ^those  red  ink  marks  only  refer  to  actual 
work  done — in  addition  to  the  actual  work  done  a  very- 
great  deal  has  been  done  in  rousing  the  sanitary  authori- 
ties in  the  Biding,  and  drawing  their  attention  to  the 
pollution  of  the  streams,  and  I  would  refer  to  the  next 
table — tables  D — in  the  statement,  which  show  the  pol- 
lutions by  sewage  on  the  individual  rivers,  and  a  state- 
ment whether  there  are  sewage  works  or  not,  and  as  to 
the  position  of  the  authorities,  w'hether  they  have  works 
in  progress  or  schemes  before  the  Local  Government 
Beard  or  p]suis  in  preparation.  By  looking  at  the  column 
<rf  remarks,  I  think  you  will  see  that  a  very  great  deal  is 
in  contemplation  and  iti  progress  in  the  Biding. 

1004.  Yes.  Now  we  come  to  the  question  of  the  nature 
of  the  land  available.  Do  you  agree  with  what  we  were 
told  yesterday  that  clay  land  is  almost  useless  for  the  pur- 
pose?— Certainly,  my  Lord. 

1005.  And  do  vou  say  that  both  about  clay  land  in 
grass,  and  therefore  the  surface  of  which  is  not  dis- 
turbed, and  also  about  arable  clay,  which  is  broken 
up  and  ploughed  every  year? — Certainly.  I  think  stiff 
clay  land  such  as  we  meet  with  frequently  in  the  West 
Biding  is  useless  for  sewage  disposal. 

1006.  You  do,  whether  arable  or  whether  grass  ?— I  do. 
I  should  like  to  draw  your  attention  to  two  or  three  in- 
stances in  the  Biding.  There  is  a  large  sewage  farm  of 
80  acres  provided  for  Eccleshill  Urban  District,  and 
sanctioned  by  the  Local  Government  Board  in  1878.  The 
sewage  was  supposed  to  be  applied  to  tlie  land  by  broad 
irrigation,  but  after  an  attempt  to  use  it  the  land  was 
found  to  be  practicably  useless  for  purification  purposes, 
and  for  many  years*  its  use  was  given  up.  The  Bivers 
Board  insisted  that  the  lan.l  should  be  used  pending  some 
rmprovemeni  being  made  in  the  works.  An  improved 
scheme  is  being  adopted,  but  the  sewage  is  now  rimning 
on  to  the  land  and  running  oft  again  with  very 
little  purification  beyond  the  settlement  of  some  of  the 
solids.  Then  there  are  recent  cases.  There  is  a  case  ol 
works  in  progress  at  this  present  time  at  Hebden  Bridge, 
where  the  land  is  exceedingly  stiff  clay,  with  a  mere 
sprinkling  of  humus  upon  the  top,  and  there  obviously  the 
sewage  will  be  quite  unable  to  percolate  through  the  soil. 
There  is  some  preparation  of  the  soil  by  draining,  and 
the  trenches  for  the  drains  have  been  filled  up  with  coke, 
but  obviously  the  only  escape  for  the  sewage  will 
be  through  those  trenches  of  coke,  and  the  rest  of  the 
knd  where  the  subsoil,  the  clay,  has  been  undisturbed 
will  be  practically  useless.  Then  sometimes  this  kind  of 
floil  is  dug  up  and  burnt  and  replaced,  and  this  Ihae  latdy 
been  done  at  Ossett,  where  they  had  a  stiff  clay  land  for 
Hieir  sewage  treatment ;  about  10  or  12  acres  were  dug 
ttp  for  something  like  3  feet  deep  ;  the  clay  was  burnt 
and  ^placed.  It  works  somewhat  more  satiafactorily 
now,  but  not  satisfactorily  yet. 

1007.  Have  yon  any  idea  of  the  sort  of  number  olacres 
of  luid  in  your  district  that  would  be  used  for  sewage 
farming  ? — ^In  proportion  to  the — 

1008.  No;  I  mean,  have  yon  a  wide  experience;  is 
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there  a  great  deal  of  land  used?— Oh  yes.  I  have  not  jyr.n.u. 
summed  up  the  total ;  I  could  easily  have  that  summed  ^.^^^ 
up  for  you.  -^ 

1009.  Would  it  amount  to  a  thousand  acres  or  more?  "-[^yMie. 
— Oh,  many  more  than  that. 

1010.  Many  more  than  that?— Many  farms  up  to  80  or 
100  acres. 

1011.  I  mean,  you  have  the  experience  on  a  big  scale? 

^There  are  some  230  sewage  works  of  one  kind   or 

another  in  the  Biding,  and  probably  more  than  one  half 
of  those  have  land. 

1012.  Then  your  experience  is  extensive  ? — Oh,  yes. 

1013.  Now,  do  vou  agree  with  what  was  told  us  yester- 
day, that  the  results  of  land  filtration  are  very  uncertain, 
that  you  find  a  good  effluent  at  one  time  and  a  bad  one  84: 
another?— I  think  not,  my  Lord,  granted  that  the  land  is 
good  and  plentiful.  The  results  are  very  uncertain  on 
different  farms  owing  to  the  nature  of  the  soil,  and  very 
often  to  the  nature  of  the  sowage  treated.  But  given  a 
farm  with  good  soQ  and  plenty  of  it,  so  that  the  sewage 
can  be  changed  from  one  part  of  it  on  to  the  other  aa 
necessary,  then  I  think  the  results  are  usually  pretty 
much  the  same.     It  is  a  matter  of  management. 

1014.  I  have  heard  it  said  that  comparing  land  filtration 
with  artificial  filtration  the  best  land  filtration  is  better 
than  the  best  artificial  filtration,  but  that  the  average  o! 
artificial  filtra-tion  is  quite  equal  to  the  average  of  land 
filtration.  I  mean  that  if  you  take  the  actual  samples  that 
you  would  get  that  would  be  the  result  that  would  be 
found.  Of  course,  you  cannot  answer  whether  that  is  bo 
or  not,  but  should  you  be  disposed  to  think  that,  or  should 
you  be  disposed  to  think  that  the  average  of  land  filtration 
was  better  than  the  averj^e  of  artificial^— I  think  that 
the  average  of  land  filtration  as  in  the  Biding  is  better 
than  the  average  of  artificial  filtration. 

1015  You  think  it  is  ? — Because,  probably,  mismanage- 
ment of  the  land  does  not  lead  so  rapidly  to  bad  resulte 
as  mismanagement  of  the  artificial  filters. 

1016.  But,  of  course,  an  artificial  filter  cAn  be  very 
much  more  easily  managed  than  the  land? — Well,  no, 
my  Lord  ;  I  think  probably  the  land  is  easier  to  manager 
and  at  any  rate  it  does  not  so  soon  show  the  results  of 
mismanagement.  If  there  is  mismanagement  it  spoils  tho 
land ;  there  is  a  silting  up  of  the  upper  layers  of  the  sol), 
but  that  land  will  soon  recover  itself;  if  the  sewage  is 
turned  off  from  that  portion  on  to  another  the  mis- 
managed portion  will  recover  soon.  In  the  case  of  the 
filters,  the  sewage  when  the  filters  are  mismanaged  con- 
tinues gen«»lly  to  pass  through  the  filters  unless  they 
arc  composed  ol  very  fine  material,  very  fine  sand,  when 
they  silt  up  ;  but  supposing  they  are  composed  of  coke 
breeze  or  burnt  ballast,  or  anything  of  a  coarser  material, 
the  sewage  passes  through,  but  is  not  purified  in  its  pass- 
ing through.  In  the  case  of  land  the  land  silts  up,  and 
does  not  let  the  sewage  through. 

1017.  Do  you  consider  that  the  land  will  go  on  for  ever 
cleansing  the  sewage  without  suffering  iteelf,  provided, 
of  coui^se,  you  alternate  it  ? — ^If  it  is  turned  over  and  cul* 
tivated  and  properly  managed  it  ought  to. 

1018.  To  go  on  for  ever  ?— Yes. 

1019.  You  do  not  consider  there  is  any  injury  to  health 
from  the  fact  that  there  is  so  much  of  the  land  in  the 
neighbourhood  absorbing  sewage? — ^I  should  not  like  to 
say  that  definitely  ;  there  are  many  of  the  sewage  works 
in  the  Biding  I  think  far  too  close  to  populous  neighbour- 
hoods, and  ^though  I  could  not  point  to  any  deflate  in- 
jury to  health  I  would  be  strongly  of  opinion  that  havins; 
mismanaged  sewage  farms  near  populous  neighbourhoods 
was  injurious. 

1020.  You  would  ?— Yes,  not  that  it  produces  any  d^ 
finite  disease,  but  a  general  deterioration  of  health. 

1021.  I  have  always  myself  a  horror  of  seeing  milch 
cows  feeding  on  grass  land  which  is  part  of  a  sewage 
farm  ;  has  that  point  ever  been  raised  in  your  mind  ? — 
Yes ;  I  have  often  thought  it  was  quite  a  wrong  proceed- 
ing to  have  dairy  cowb  on  a  sewage  farm,  but  I  think  the 
only  case  in  which  my  attention  has  been  drawn  to  it  in 
the  Biding  is  in  the  rural  district  part  of  Kiveton  P.iri 
Bural,  where  the  farmer  who  had  cows  on  the  sewage  farm 
said  that  his  stock  was  made  tubercular — ^took  tuberculosis 
— after  grazing  on  the  land  irrigated  by  sewage. 

1022.  And  did  you  make  any  inquiry  into  that  case  % 

It  had  happened  a  year  before  I  took  office,  so  that  it 
was  too  late  for  me  to  make  inquiry. 

1023.  And  you  have  not  known  any  case  aince  % ^No  I 

cannot  tell  you  of  any  positivo  caso. 
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Dr.  H.  Jf.       10B4.  Should  vou  be  disposed  to  think  ifcmfc  these  -was  a 
wa$on,     possibility  of  that  being  true  1—1  should  think  it  was  ex- 
—       tremely  iikely. 

14  July  My.  1025^  -v^TeU,  now,  I  heard  of  a  case  the  other  day  from  a 
friend  of  mine  ;  there  was  gastritis  am<»ig  the  oowa,  and 
they  think  it  came  from  dnnking  ttcfsa  a  pond  that  had 
been  contaminated.  Do  tou  think  that  poeeible  ? — Quite. 
I  ehoujd  say  that  apart  from  sewage  farms  several  com- 
plaints have  been  laid  before  the  Biyers  Board  that 
cattle  have  been  injured,  have  died  in  consequence 
of  drinking  from  polluted  streams.  From  Liver- 
sedge  quite  lately,  at  the  last  Committee  meet- 
ing, there  was  a  complaint  from  a  farmer  that 
two  of  his  cows  had  lately  died  from  drinking  from 
a  polluted  stream.  And  on  the  sewage  farms  it  may  not 
be  so  much  that  the  vegetation  is  bad  for  the  cows,  bat 
thi^  in  iihe  case  of  sewage  farms  the  cattle  are  very  fond 
of  going  to  the  runnels  of  sewage.  It  is  well  known 
that  they  will  often  pr^^  to  drink  tihe  sewage,  even 
crude  sewage,  than  dear  water  where  it  is  available. 

1026.  Is  that  so.  Do  you  state  that  as  a  faot,  that 
they  would  drink  the  crude  sewage  ?— I  have  seen  tiem  ; 
with  a  clear  stream  alongside  tibey  have  gone  to  the 
sewage  and  taken  a  drink. 

1027.  They  have  gone  to  the  sewage  t—Jt  is  because 
of  the  salt  tastSi  I  believe  ;  that  is  my  own  idea  of  it. 

1028.  We  were  told  yesterday  tiiat  cattle  knew  how  to 
take  care  of  themselves  ^Well,  I  have  actually  seen  them 
do  this. 

{Mr,  KiUick,)  Trade  effluents — ^the  cattle  would  avoid 
a  trade  effluent,  while  l^ey  would  choose  sewage ;  that 
is  what  he  intended. 

1029.  {Chairman.)  Tou  tell  us  that  there  is  a  scarcity 
qf  land,  and  if  clay  land  is  unfit  for  use  that  fact  must,  I 
suppose,  greatly  reduce  the  supply  of  land? — ^It  does 
greatly,  and  the  configuration  of  the  Riding  also 
reduces  the  amount  of  land  available,  because  in 
many  places  the  valleys  are  so  narrow  that  no  suffi- 
cient amount  of  land  can  be  obtained.  I  should  like 
to  point  you  if  I  may  to  one  or  two  places.  At  Tod- 
moriien  a  sdieme  for  their  sewage  duqK)sal>  has  been  de- 
layed for  a  very  long  time,  because  the  sanitary  authority 
have  not  been  able  to  meet  the  requirements  of  the  Local 
Govenunent  Board.  They  have  now  met  the  require- 
ments of  the  Board,  but  they  have  only  obtained'  the 
necessary  land  by  wholly  altering  the  course  of  the  Biver 
Oalder,  which  runs  through  the  kmd  in  a  sigzag  course  ; 
they  are  taking  the  river  to  one  aide  of  the  valley,  so  as 
to  get  the  land  over  whidi  the  river  now  runs,  and  the 
land  is  in  close  proximity  to  a  considerable  number  of 
houess  and  to  the  public  road.  Then  in  the  case  of  Hali- 
fax, their  scheme  has  been  practically  sanctioned  by  the 
Local  €rovemment  Board;  they  have  only  secured  the 
land  by  teking  a  field  on  one  side  of  the  river  and  a  field 
on  the  other  side  of  the  river  ;  they  will  have  to  cross  the 
river  with  their  sewage  carriers  several  timesw  And 
She&eld  and  Huddersfield  county  borooghs  have  not  been 

.cable  to  obtain  land  apparently;  at  leaat,  their  schemes 
do  not  include  land  treatment. 

1030.  Their  schemes  do  not  include  land  treatment. 
In  what  position  are  their  schemes ;  are  they  applying 
to  the  Local  Gk>vemment  Board  ? — I  should  like  to  men- 
tion the  state  of  matters  with  regard  to  the  oounl.y 
borougha 

1031.  Yes,  do  ?— At  Bradford  the  works  they  have  at 
present  are  only  capable  of  dealing  with  about  one-fifth 
of  the  sewage  of  the  borough.  The  worics  of  a  new 
scheme  are  now  in  progress,  and  this  scheme  has  been 
sanctioned  by  the  Local  (Government  Board  without  the 
provision  of  any  land ;  a  scheme  of  chemical  precipitation 
and  filtration  ;  I  suppose  because  (^  the  impossibility  of 
getting  land  in  that  neighbourhood. 

1032.  Then  the  scheme  has  been  sanctioned? — ^Yes, 
and  that  includes  only  chemical  precipitation  and  arti- 
ficial filtration.  Bradford  is  one  of  those  places  which  I 
have  been  mentioning,  pecuHarfy  sitoated  in  a  narrow 
vaUey.  Then  at  Halifax,  I  have  mentioned  that  their 
works  are  useless  at  present,  nothing  more  than  detritus 
tanks,  but  their  new  scheme  has  been  practically  sanc- 
tioned by  the  Local  Government  Board,  and  that  includes 
chemical  precipitetion  with  artificial  filtration  and  land. 
The  land  area  was  not  sufficient  for  the  purification  of 
the  tank  effluent,  and  artificial  filters  were  insisted  upon 
in  addition.  In  the  case  of  Huddersfield,  they  have  only 
chemical  precipitetion  and  artificial  filtration,  and  their 
works  are  only  sufficient  for  about  one-fifth  of  the  sewage 


vf  Ihe  borough.    They  have  given  an  unleriaking  in 
tlio  Rivers  liiard  to  extend  their  works,  and  make  them 
s'lificiunt  wittiin  two  years.     Then  in  the  case  of  Leeds, 
I  think  tiiat  will  probably  answer  the  questions  you  have 
been  putting  best.    The  present  serwage  works  are  recog- 
nised by  the  Corporation  as  inefficient ;  they  are  simply 
for  chemical  precipitation  by  lime,  with  settling  tanks  onk 
equal  to  about  one-eighth  of  the  da^s  flow— -quite  inauffi- 
cient.    The  Corporation  are  doubling  that  capacity,  but 
are  also  carrying  on  experimente  in  the  new  methods  of 
sewage  treatment  by  biological  filtration,  and  intend  to 
construct  complete  works  for  the  purification  of  the  whole 
of  the  sewage  of  the  borough.     If  the  new  methods  ore 
adopted,   they    will   be    aUe    to   get,    not   within   the 
borough,   but  in  its  immediate  vicinity,  sufficient  land 
for  the  purpose.     If  they  had  to  have  land  treatment 
they  woukL  have  to  carry  their  sewage  some  17  miles 
down  the  river  to  get  a  sufficient  area  of  land,  and  the 
land  that  they  would  get  there  is  perhaps  not^ertainiy 
not  the  best  kind  of  land  for  the  purpose  ;  there  is  a  suffi- 
cient area  of  it,  but  it  ia  not  of  a  very  soiteble  nature. 
The   biological    filtration   scheme   would   probably   oost 
about  a  quarter  of  a  million  ;  I  am  told  the  other  scheme 
to  take  the  sewage  17  miles  down  the  river  would  pro- 
bably cost  about  three-quarters  of  a  million;   it  would 
make  a  difference  to  the  city  of  half  a  million.    In  the 
case  of  Sheffield  their  works  are  also  on  the  lines  of 
chemical  precipitation,   with,  I  should  say,  a  pretence 
at  artificial  filtration — ^it  is   simply  a  straining  throu^ 
rough  coke  ;  but  they  are  also    experimenting   in  bio- 
Iq^icaU      filtration     for     the     iimprovement     of     their 
works.      The  tebles  that  have  just  been  handed  in  are 
tables  of  the  various  kinds  of  sewage  treatment  in  the 
Biding.     They  begin  with  filtration  through  land ;  then 
there  is  chemical  precipitetion  or  settlement ;  settlemont 
or   chemical   precipitetion   followed   by   land ;    chemical 
precipitetion  followed  by  artificial  filtration ;    and  arti- 
ficial filtration  only.     Some  of  the  sewage  WDrks,  I  must 
eay,  are  scarcely  worthy  of  the  name,  but  they  are  aU 
put  in,   such  as  they  are  ;  there  are  233,  I  think  the 
number  is. 

1033-5.  We  should  be  very  glad  to  hear  anything  more 
about  Leeds? — ^In  the  ease  of  Leeds,  my  Lord,  if  you 
will  look  at  the  teble  of  analyses — which  give  analyses 
of  crude  sewage  and  sewage  effluente  at  representative 
works  of  the  various  kinds  in  the  large  tablee«  At 
the  bottom  of  the  tebles  you  will  find  the  analysea  of 
the  effluent  from  the  Dibdin  filters  at  Leeds.  The 
figures  given  are  the  average  of  the  analyses  of  weekly 
samples  taken  in  the  months  of  April  and  May.  The 
fjeeds  Corporation  invited  the  Rivers  Board  to  kctp  a 
wateh,  upon  the  experimente  being  carried  out  there,  and 
weekly  analyses  have  been  taken.  Samples  hava  been 
teken  by  the  Inspector  of  the  Bivers  Board,  .ini  the 
samples  have  been  analysed  in  the  Board's  laboratory, 
and  the  resulte  there,  I  think,  are  wonderfully  cood, 
considering  the  mixed  nature  ef  the  sewage  at  Lee£. 

1036.  Is  the  sewage  that  is  artificially  filtered  there— 
everything  lumped  up  together — ^trade  refuse  and  tha 
domestic  sewage,  and  eveiything? — It  is  taken  from  the 
^lain  outfall  sewer  of  the  borough ;  there  is  at  that  point 
only  one  main  outfall,  which  contains  all  kinds  of  sewage, 
and  this  sewage  which  is  treated  is  taken  haphazard  from 
the  general  sewage  of  the  town. 

1037.  And  what  about  filters)— They  have  been  laid 
down  under  Mr.  Dibdin's  supervision  ;  there  are  two 
filters,  a  rough  filter  and  a  fine  filter,  each  of  them  one- 
eighth  of  an  acre. 

1038.  One-eighth  of  an  acre  ?— One-eighth  of  an  acre, 
and  those  have  been  working  since  October  last,  I  think 

It  IS. 

1039.  Then  you  carry  the  sewage  from  the  outfall,  and 
pour  it  on  to  the  filters? — ^Tes,  with  some  screening. 
For  some  iime  at  the  beginning  of  the  experiments,  the 
sewage  was  poured  on  to  the  rough  filter  as  it  came  down 
the  outfall  sewer,  quite  in  iks  crude  state.  It  was  found 
that  the  filters  were  choking  up  a  little,  especially  on 
the  surface,  with  paper  and  pieces  of  stick  and  straw 
and  fibre  from  the  many  woollen  works  discharging  into 
the  sewers,  and  for  that  reason  a  screening  arrangement 
was  put  in.  The  openings  in  the  screen  are,  I  think, 
one-sixteenth  of  an  inch  in  the  screening  arrangement. 

1040.  {Colone\  Harding.)  One-eighth  of  an  inch,  I 
believe  9 — One-eighth  of  an  inch  in  diameter,  so  that  only 
the  very  rough  solids  are  taken  out  of  the  sewage  now. 

1041.  {Chairman,)  Is  each  filter  about  one-eighth  of 
an  acre?--Yes. 

1042.  And  are  they  adjacent  to  one  another? — They 
are  adjacent,  one  at  a  higher  level  than  the  other,  so 
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that  the  effluent  from  the  coarse  filter  goes  on  to  the  fine 
filter. 

1043.  It  falls  ?— It  falls  on  to  it  by  gravitation. 

1044.  But  there  is  no  distance  between  the  two? — 
No  ;  thej  are  quite  adjacent. 

1046.  The  amount  of  space  required  for  the  two  is  very 
small  ^-Only  the  thickness  of  the  walla  beyond  the  area 
of  the  filter. 

1046.  Could  you  tell  us  some  of  the  principal  diffi- 
culties that  you  meet  with  in  the  disposal  of  sewage  ? — 
Well,  I  have  spoken  already  of  the  nature  of  the  land 
and  of  the  scarcity  of  the  land.  The  third  important 
difficulty  is  the  nature  of  the  sewage. 

1047.  The  fact  of  its  being  mixed  with  trade  refuse? 
— ^Tiade  effluents  of  all  kinds;  this  mixture  of  trade 
refuse  with  the  sewage  makes  it  very  much  more  difficult 
to  treat. 

1048.  Do  the  manufacturers  treat  their  own  refuse  at 
all  in  many  cases  before  it  leaves  their  own  premises? — 
That  is  a  thing  which  is  only  now  coming  under  the 
consideration  of  the  manufacturers.  Recently  the  Rivers 
Board  has  been  calling  the  attention  of  the  sanitary 
authorities  to  the  inefficient  treatment  of  the  combined 
sewage,  and  the  sanitary  authorities  answer  that  they 
have  great  difficulties,  because  of  the  amount  of  solids 
sent  them  by  the  manufacturers,  and  because  of  the 
natiure  of  the  trade  refuse.  And  then  it  has  been 
pointed  out  to  the  sanitary  authorities  that  it  is  possible 
to  remove  a  great  part  of  this  from  the  trade  refuse 
before  it  is  discharged  into  the  public  sewers. 

1049.  That  is  to  say,  before  it  leaves  the  premises  of 
the  manufacturer? — Tes. 

1050.  And  do  you  find  the  manufacturers  generally 
willing  to  do  what  they  can  ? — ^In  all  cases,  my  Lord,  they 
are  quite  willing  to  tuce  out  from  their  trade  refuse  any- 
thing that  will  mterfere  with  the  treatment  of  the  sewage 
if  the  sanitary  authority  will  receive  this  partially-treated 
effluent  into  the  sewers.  It  has  been  done  in  a  great 
many  districts  now — ^in  Leeds*  in  Keighley,  which  is  quite 
a  manufacturing  town,  in  Horbury,  Pudsey,  Farsley, 
Shepley,  and  Wetherby. 

1051.  What  do  you  find  a  manufacturer  would  gener- 
ally do?  Would  he  build  a  tank  within  his  works  in 
which  the  solids  could  settle  ? — That  is  so  ;  he  is  gener- 
ally asked  to  take  the  solid  matters  out  of  his  trade 
refuse. 

1052.  Well,  then  he  does  that  by  building  a  tank? — 
A  settling  tank. 

1055.  A  settling  tank  ?— Tes. 

1054.  And  then  do  you  see  any  particular  reason  why 
he  should  not  be  further  aaked  to  put  up  a  cheap  filter 
for  the  effluent  from  that  settling  tank  ? — ^You  mean  with 
the  intention  of  discharging  the  effluent  into  the  streams 
afterwards? 

1055.  I  mean,  to  have  not  only  a  settling  tank,  but 
also  a  filter  on  his  own  premises.  I  do  not  mean  to  say, 
of  course,  every  small  man,  but  the  large  places? — ^But 
with  the  view  of  discharging  the  effluent  into  the  sewers 
or  into  the  streams? 

1056.  WeU,  wherever  you  like? — ^Because  the  two 
things  cause  very  different  expense  to  the  manufacturer. 
If  he  is  only  going  to  sufficienitly  purify  hiei  trade  refuse  for 
its  discharge  to  the  sewers  a  very  much  less  expensive 
apparatus  would  be  required  than  if  he  is  going  to  purify 
it  sufficiently  to  discharge  it  to  the  stream ;  a  much 
greater  amount  of  settling  room  would  be  required,  and 
a  much  better  arrangement  for  filtration,  if  he  is  going 
finally  to  discharge  into  the  stream. 

1057.  But  now,  the  question  of  room ;  aU  that  he 
wants  room  for  is  room  enough  for  the  solids  to  settle, 
is  it  not  ? — ^If  he  is  going  to  discharge  into  the  sewer  ? 

1058.  Well,  let  us  take  the  question  of  the  sewer  by 
itself? — ^May  I  put  it  this  way,  my  Lord?  In  the  case 
of  h]6  getting  permission  to  discharge  his  trade  refuse  to 
the  sewer,  he  only  requires  to  partially  purify  it ;  if  he 
is  going  to  discharge  it  into  the  stream,  he  requires  to 
fully  purify  it,  and  the  cost  in  the  latter  case  is  very  much 
larger  than  in  the  former  case. 

1050.  If  we  take  the  question  of  discharging  into  tiie 
sewer;  he  has  a  settling  tank,  in  which,  as  I  under- 
stand, all  the  solids  ought  to  remain  ^— Well,  they  ought 
to,  but  they  do  not. 

1060.  They  do  not? — The  sanitary  authority  do  not 
require  the  manufacturer  to  have  sufficient  settling  room 
to  remove  all  the  solids  from  his  effluent. 


1061.  It  does  not  amount  to  that  ?— It  does  not  amount    f^^-  *• 
to  tnac.  21. D.,  B.8C. 

1062.  It  would  be  a  great  advantage  if  it  did?— It  14 j^Tifiw. 

would  be  a  great  advantage  if  it  did  certainly ;  it  would 

lessen  the  trouble  of  treating  the  combined  sewage  at  the 

outlalL 

1063.  Suppose  a  manufacturer  had  a  tank  big  enough 
to  retain  all  his  solids?  I  do  not  know  whether  you 
know  Mr.  Cameron's  system? — ^Yes. 

1064.  It  ifl  claimed  for  thds  system  that  it  is  applicaUe 
to  the  smallest  places  as  well  as  the  Inggest  ?— -x  es. 

1065.  And  that  you  only  want  a  tank  and  a  filter.  Now 
I  am  not  asking  your  opinion  as  to  that  particular  system, 
but  supposing  Siere  was  an  effective  process  that  requi'*ed 
very  little  space,  should  you  think  it  very  unreasonabic  to 
ask  big  manufacturers  to  have  their  own  tank  and  their 
own  mter-bed?-~I  do  not  think  it  would  be  at  aU  un- 
reasonable if  they  cannot  obtain  admission  to  the  sewers, 
and  many  of  them  will  be  unable  to  obtain  permission  to 
the  sewers. 

• 

1066.  But  even  if  they  do  obtain  admission  to  the 
sewers,  it  would  be,  I  suppose,  a  great  advantage  to 
have  their  effluent  filtered  before  it  gets  into  the  sewer, 
because,  presuming  the  effluent  to  be  filtered  before  it 
gets  into  the  sewer,  would  not  that  have  a  great  effect 
in  removing  the  difficulties  that  are  caused  by  the  mix- 
ture of  trade  refuse  and  sewage  in  the  sewer? — Oh,  yes, 
it  would  be,  and  for  some  classes  of  trade  refuse,  T 
think,  it  is  necessary  that  filters  should  be  provided*   . 

1067.  Before  they  get  into  tlie  sewer? — ^Before  they 
get  into  the  sewer.  May  I  point  out,  my  Lord,  certain 
conditions  which  have  been  laid  down  by  the  Keighley 
Borough  to  their  manufacturers  ;  they  are  the  fullest  and 
most  definite  conditions  that  we  have  in  the  Ridin^r, 
and  you  will  find  filtration  mentioned,  if  you  will  allow 
me  to  go  into  them.  The  first  of  them  is  that  "  The 
"  volume  of  waste  water  shall  be  reduced  as  far  as  prac- 
'Hicable  ;  as,  for  example,  by  keeping  condensing  water 
"and  surface  water  out  of  the  drains^"  Then  it  says  that 
"  All  trade  waste  waters,  except  suds,  shall  first  be  passed 
"through  coke  filters." 

1068.  Oh,  yes,  on  a  down  and  an  upward  principle  ? — 
Yes. 

1069.  That  is  going  into  it  very  thoroughly? — ^Yes. 
What  they  have  to  deal  with  there  is  trade  waste  from 
wool  washing  (that  is  the  suds  mentioned  here),  dye- 
waters,  and  tanners'  refuse.  Now,  the  dye  waters  do 
not  require  any  preliminary  treatment  except  the  re- 
moval of  the  solids,  and,  of  course,  this  filtration  will 
remove  the  solids  from  them.  The  tanners'  refuse  can 
be  treated  along  with  the  general  sewage  if  ^oss  solids 
are  taken  out.     Then  Ihe  third  paragraph,  you  will  see, 

'  deals  with  the  suds;  the  grease  is  to  be  removed,  and 
the  liquid  to  be  drawn  off  by  means  of  a  floating  arm. 
Now,  I  believe,  in  this  case  too,  the  Corporation  re- 
quires that  a  filter  should  be  provided,  so  that  the  whole 
of  the  effluent  should  be  filtered  through  coke  before  it 
is  discharged  into  the  sewer. 

1070.  That,  of  course,  is  asking  a  great  deal  to  be 
done.  Do  the  manufacturers  agree  to  those  conditions? 
— They  are  glad  to  agree,  my  Lord. 

1071.  They  are  ? — ^If  they  did  not  agree  with  the  Cor- 
poration, they  would  have  to  agree  with  the  Rivers 
Board,  which  would  ask  much  more  than  this — not  much 
more  in  principle,  but  much  more  in  the  capacity  and 
the  cost  of  the  works  they  would  have  to  erect. 

1072.  The  Corporation  make  these  conditions  for  ad- 
mitting them  into  the  sewers  ? — Just  so. 

1073.  If  they  did  not  agree  to  them,  where  would  the 
Rivera  Board  come  in  ? — ^If  this  refuse  were  not  admitted 
into  the  sewers,  it  would  have  to  be  discharged  into  the 
streams. 

1074.  Quite  so ;  I  see  what  you  mean.  Have  you  any- 
thing more  to  say  about  what  is  being  done  to  deprive 
the  trade  refuse  of  its  injurious  properties  ? — ^It  is  one 
of  the  things  that  is  being  very  much  discussed  in  the 
Riding  at  present.  Only  so  late  as  last  year  the  Brad- 
ford Corporation  passed  an  Act  through  Parliament,  a 
private  Act,  allowing  them  to  call  upon  the  wool-combers 
in  the  borough  to  treat  their  suds  for  the  removal  of  the 
grease  before  discharging  it  into  the  sewera.  And  in  a 
great  many  cases  the  authorities  are  considering  what 
conditions  they  shall  impose  upon  the  manufacturers 
with  the  view  of  allowing  them  afterwards  to  turn  their 
refuse  into  the  sewers. 

1075.  Do  you  consider  it  reasonable  that  trade  refuse 
should  always  be  dealt  with  by  the  sanitary  authority 
It  cannot  be  in  all  cases. 
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IM.H.M.       1076.  It  cannot? — ^There  are  certain  cases  where  it 

itOmh,     would  be  impossible  for  the  sanitary  authority  to  allow  the 

ii.D^,Bc.    m^nufgctnrers  ;  there  are  several  mills  in  the  Bidingdis- 

14  JaljiMW  ohaiging  orer  a  million  gallons  of  refuse  a  day.       Well, 

that  would  swamp  the  sewage  disposal  works  unless  they 

were  enormously  incressed  in  size.  Moreover,  it  would 
remove  all  the  volume  of  water  from  the  streams  and  the 
riparian  rights  would  come  in. 

1077.  Then  those  million  gallons  are  going  into  the 
river,  are  they? — Yes. 

1078.  And  polluting  the  river? — ^And  polluting  the 
river,  requiring  treatment. 

1079.  And  do  they  go  in  without  any  treatment  at  all  ? 
— Well,  tho  cases  vary.  In  at  least  one  case  they  are 
going  in  at  present  without  any  treataient ;  that  is  from 
a  dye  worn  in  Leeds.  In  a  case  in  Bradford,  they 
have  very  inefficient  settling  tanks,  and  they  are  under 
notice  of  proceedings  by  the  Bivers  Board  to  make 
efficient  their  works  for  the  purification  of  the  waste. 
In  a  esse  in  Halifax  they  have  disposed  of  this  refuse ; 
they  have  not  told  us  how,  but  I  believe  they  have 
turned  it  into  the  sewer. 

1090.  They  have  turned  it  into  the  sewer? — Yes,  I 
believe  so. 

1081.  In  the  case  you  mentioned  in  Leeds,  where  it  is 
going  in  without  treatment  at  all,  do  the  Rivers  Board 
leave  that  alone ?~Oh,  no,  my  Lord;  proceedings  will 
be  taken  against  the  manufacturer  for  the  purification 
of  this  refuse. 

1062.  And  then  he  will  be  made  to  treat  it  in  the  best 
way  he  can  before  it  goes  in?— Yes.  If  he  can  obtain 
permission  from  the  Corporation  to  drain  into  the  sewers 
that  will  be  done,  no  doubt. 

1083.  But  otherwise  he  wiU  have  to  treat  it  in  tho 
best  practicable  manner? — ^That  is  so.    In  that  osie  he 

^  draws  a  great  deal  of  water  from  the  river,  and  one  of 
the  riparian  owners,  or,  rather,  the  Navigstion  Company, 
tiie  Aire  and  Calder  Navigation  Company,  would  not 
allow  him  to  turn  his  refuse  into  the  sewers ;  they  wait 
to  have  the  water  in  the  stream. 

1084.  Then  he  will  have  to  fight  that  out  with  them  ? 
— ^Yes.  The  Rivera  Board  has  always  stood  absolutely 
neutral  between  the  manufacturer  and  the  sanitary 
authority.  If  the  sanitary  authority  will  allow  the  menu- 
facturer  to  drain  into  the  sewer,  that  is  for  them  to 
decide,  but  if  they  will  not,  then  the  manufacturer  is 
<;ompelled  by  the  Rivers  Board  himself  to  purify  his 
trade  waste. 

1085.  And  now  with  regard  to  the  sewage  works  that 
have  been  ;pnt  up.  Do  you  consider  that  they  hav^ 
been,  the  large  proportion  of  them,  successes  or  failures, 
or  the  one  or  the  other? — ^There  have  been,  I  am  sorry 
to  say,  a  large  amoimt  of  failures. 

1086.  More  than  you  would  have  expected,  or,  I 
mean,  more  than  you  would  have  honed? — ^Well,  the 
causes  of  failure  have  been  so  various,  that  I  do  not 
think  they  have  been  more  than  could  have  been  ex- 
pected. Many  of  the  sewage  works  were  quite  in- 
efficient from  the  start,  were  not  made  larce  enough  fo- 
their  purposes.  Take  some  of  the  coimtry  Doroughs,  for 
inrtance,— the  Bradford  works  were  constructed  twenty 
years  ago,  more  than  twenty  years  ago,  and  from  tne 
very  beginning  they  have  not  been  capable  of  dealing 
with  the  whole  of  tike  sewage  of  the  borough. 

1067.  Were  they  put  up  meaning  to  deal  with  the 
whole  of  the  sewage  of  the  whole  borough  ?-— They  must 
have  been  so,  but  they  have  not  been  dealing  with  the 
whole  of  the  sewage  from  the  very  beginning.  I  think 
Hudderafield  works  were  constructed  in  1893,  and  they 
were  bualt  to  deal  with  4,000,000  gallons  a  day ;  they 
are  reaHy  only  found  capable  of  dealing  with  something 
over  2,000,000  gaUone. 

1088.  They  were  buik  for  3,000,000  ?— For  4,000,000. 

1089.  And  can  only  do  a  little  over  2,000,000?— A 
little  over  2,000,000,  and  the  sewage  reaching  them  is 
now  something  like  10,000,000  gallons  a  day,  so  that 
the  rest  of  the  sewage  goes  to  the  stream.  Then  it  is 
the  tendency  of  things  in  the  Riding  for  the  boroughs 
to  increase*  their  boundaries ;  they  are  constantly 
taking  in  parts  of  the  rural  districts  around,  or  absorbing 
urban  districts,  and  they  always  undertake  to  purify  the 
sewage  of  the  district  which  is  taken  in  ;  but  they  have 
not  been  increasing  their  sewage  works. 

1090.  There  is  the  failure  from  the  size.  Well,  then 
as  to  the  way  in  which  the  sewage  is  treated  ^— Many, 
of    course,    of   the    old    methods   of    dealing   with    the 


sewage  are  inefficient;  I  think  that  is  now  genermy 
recognised.  Where  only  chemical  precipitation  is  used, 
the  works  have  of  necessity  been  found  inefficient. 

1091.  Is  much  aittention  paid  to  the  management  of 
the  works? — ^BeM»r  attention  has  been  pesd  recmtly 
since  the  Rivers  Board  has  been  eupervising  the  works, 
but  very  frequently  sewage  woifas  have  failed  in  puri- 
fying the  sewage  because  of  the  mismanagement  Li 
the  smaller  districts  a  great  many  of  the  works  are  put 
into  the  hands  of  a  roadman,  or  of  someone  without 
any  training  in  the  subject  whatever,  and  in  many 
cases  the  land  upon  which  the  sewage  is  treated  is  let 
to  a  farmer.  In  those  cases  it  very  frequently  happens 
that  the  works  are  misimanaged,  even  though  they  are 
capable  of  dealing  with  the  sewage  ;  so  tiiat  the  result  is 
unsatisfeotory. 

1092.  Has  your  Board  got  power  to  come  in  in  that 
case  where  the  sewage  farm  is  let  to  a  farmer  ? — "So. 

1093.  We  had  evidence,  yesterday,  iha/b  that  was  verr 
objectionable;  but  you  cannot  h^  it  if  the  authority 
lets  it? — Wei,  not  directly.  The  Board  can  take  pro- 
ceedingB,  of  course,  if  the  effiuent  from  the  sewage  farm 
is  not  saiisfaotory.  But  what  has  been  done  is  liiis: 
In  the  case  of  Settle  Rural,  the  sanitary  authority  have 
let  three  of  their  sewage  farms  to  farmers,  and  the 
fanners,  as  is  nearly  always  the  case,  got  the  best  crops 
they  could  from  the  land  and  let  the  sewage  go  to  the 
stream.  The  Board  asked  me  to  interview  the  sanitary 
authority  and  to  visit  the  farms  with  them,  and  I  did  so, 
and  pointed  out  to  them  the  gross  mismanagement  because 
of  tiias  method  that  they  had  adopted,  and  in  ocm- 
sequence  of  that  they  have  taken  the  management  of  the 
three  farms  into  their  own  hands. 

1094.  They  did  take  the  farms  ?— Hiey  did  take  them, 
with  good  results  since. 

1095.  But  you  would  not  have  power  to  inaisifc  upon 
their  taking  it  into  their  own  bands? — We  could  not, 
except,  quite  indirectly,  by  taking  proceedings  agaifist 
the  authority  for  potlotuig  the  streams. 

1096.  Are  there  any  sewage  works  thait  are  a  source 
of  profit  to  the  sanitai^  authority  ?  When  I  say  "  source 
of  profit,''  I  mem  a  legitimate  source  of  profit? — I  do 
not  know  of  any  in  the  Riding  that  are  a  legitimate 
source  of  profit.  The  sanitary  authorities  let  the  land, 
as  I  have  said,  sometimes,  and  get  a  rent  for  it  in  that 
way,  but  the  treatment  of  the  sewage  suffers.  In  many 
cases  they  get  some  return  from  orops>  which  partly  pflv 
the  cost  of  management ;  but  I  do  not  know  any  works 
where  they  pay  all  the  costs. 

1097.  Do  you  think  it  necessary  that  sewage  works 
should  be  constantly  supervised  I— Oh,  it  is  qutte  neces- 
sary. A  great  change  has  ta^en  place  in  the 
Ri&ig  since  the  Board  began  to  supervise  the  sewage 
works.  I  may  point  to  thangs  that  have  been  found 
by  the  Board's  inspeotoiB  to  best  show  that  In  many 
instances,  the  sewage  works  were  closed  at  night,  the 
man  in  charge  left  them  shut  down,  and  turned  all  the 
sewage  into  the  stream  by  the  etcmn  water  ovecflow. 

1098.  Did  they  really  ? — ^Frequently  ;  sometimes  still 
we  find  that  is  done,  and  storm  water  overflows  are  con- 
stantly misused  even  yet.  The  inspectors  of  the  Board 
are  finding  constantly  that  after  a  little  shower  of  rain 
the  sewage  is  directed  down  a  stonn  water  overflow, 
and  I  have  put  in  my  statement  one  case  where  the 
manager,  when  he  went  for  his  dinner,  usually  turned 
all  the  sewage  down  the  storm  water  overflow,  and 
gave  as  his  reason,  that  rain  might  come  on  wbile  he 
was  away. 

1099.  Can  you  tell  us  how  a  storm  water  overflow  is 
usually  constructed  ? — The  commonest  kind,  I  am  afraid, 
in  the  West  Riding,  is  an  adjustable  one.  There  is 
an  overflow  ][>rovided  on  the  outfall  sewer  and,  beyond 
it  on  the  sewer,  a  Sluice  which  can  be  shut  down  by 
the  man  in  charge.  If  he  shuts  the  slfiice  wholly  down 
then  ihe  whole  of  the  sewage  goes  into  the  stream ;  ii 
he  shuts  it  only  partially  down,  then  part  of  it  goes 
into  the  stream  and  part  into  the  sewage  works. 

1100.  Where  is  the  storm  overflow  usually  constructed  t 
Is.it  near  the  outfall  of  the  sewer? — ^Well,  it  varies 
very  much.  The  districts  in  Yorkshire  are  exceedingly 
hiHy,  and  the  sewers  usually  come  down  from 
the  higher  parts  of  the  districts  with  a  very 
rapid  fall  and  discharge  into  a  flat  sewer  along  the 
valley.  Now,  at  the  point  of  junction  of  the  rapidly 
falling  sewer  and  the  flat  sewer  there  is  very  frequently 
a    storm   overflow    put  in.      If   it  were  not  so,    when 
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the  storm  water,  the  surface  \fater,  is  taken  into  the 
sewers,  the  sowers  are  cbaiged  at  once  'by  the  great 
ru^  of  water  from  the  hiUaides,  and,  in  some  in- 
stances, the  manh(de  covers  are  blown  off  hy  the  tre- 
mendous yoiume  of  water  coming  down.  Then,  again, 
the  commonest  j^ace  for  a  stoim  water  overflow  is  some- 
where on  the  main  outfall  sewer  before  it  reaches  the 
works* 

1101.  Before  it  reaches  the  sewage  works? — Before 
it  reaches  the  sewage  works,  or  just  at  the  sewage 
works  themselves. 

1102.  Just  before  it  goes  to  tfie  sewage  works  ?— Yes, 
just  before  it  discharges  into  the  tanks,  so  that  the  over- 
flow may  be  under  the  charge  of  the  manager  of  the  works. 
There  are  really  three  chief  forms  of  storm  water  over- 
flows. The  second  form  is  a  leaping  weir;  it  is  briefly 
of  this  description : — In  dry  weather,  the  sewage  goes 
to  the  works,  it  falls  into  a  chamiber  and  reaches  the 
works ;  in  wet  weather,  the  sewage  is  greatly  inoreased 
in  velocity  and  lesfps  across  this  chamber  into  an  outlet 
whidi  leads  it  to  the  stream,  so  that  in  wet  weather, 
when  a  great  deal  of  surface  water  is  coming  down  the 
sewers,  all  the  sewage  is  frequently  discharged  in  that 
way  into  the  stream ;  none  goes  to  the  sewage  works. 
And  recently,  in  nearly  all  recent  schemes,  it  has  been 
the  policy  of  the  Bivers  Board  to  adc  for,  and  it  has 
been  the  p^cy,  I  think,  of  the  Local  €k>vemment 
Board  to  insist  upon,  fixed  and  automatic  storm  over- 
flows, which  are  really  in  the  form  of  a  side  weir  on 
the  main  outfall  sewer.  When  the  sewage  in  the  main 
outfall  sewer  reaches  a  certain  height,  the  excess  goes 
over  the  weir;  but  there  is  always  a  certain  amount 
going  to  the  sewage  works. 

1103.  I  see.  Hien  that  would  remove  the  possibility 
of  people  flhutting  down  the  sluice  and  all  that  sort  oi 
thing  ?--That  is  so. 

1104.  In  fact,  that  kind  of  storm  overflow  could  not 
be  abused ^— No;  and  Uiat  is  what  the  Bivers  Board 
has  always  ineisted  on,  t^at  when  there  are  sewage 
works  they  should  airways  be  used  to  their  utmost 
capacity,  whether  the  sewage  is  diluted  with  rain-water 
or  not,  that  the  sewage  works  should  be  working  to 
the  full  before  any  excess  sewage  is  discharged  into 
the  river. 

1106.  The  next  point,  I  think,  is  the  question  of  the 
sludge.  WhaAi  do  you  do  with  tiie  riudge  that  remains 
behind  at  the  sewage  works? — It  is  really  one  of  the 
great  difficulties  in  the  Biding.  Enormous  quantities  of 
sludge  are  produced ;  at  Lee<&  they  are  producing,  with 
quite  ineffitxent  settling  tanks,  200  tons  a  day. 

1106.  Two  hundred  tons  a  day?— Two  hundred  tons 
a  day,  out  of  some  18,000,000  gallons  of  sewage,  and 
there  they  do  not  know  what  to  do  with  it.  They  can- 
not get  rid  of  it,  but  they  have  been  renting  fields 
upon  which  to  tip  it.  In  the  case  of  Huddersfield,  also, 
they  have  taken  land  upon  which  to  tip  this  sludge,  and 
let  it  remain;  and  also  at  other  places — ^Teadon  and 
Tong  and  Sheffield — there  are  huge  masses  of  this  sludg3 
lying. 

1107.  Do  you  mean  that  they  hire  fielde  and  throw 
it  out  as  a  sort  of  dust  heap? — ^That  is  it;  they  make 
a  tip  for  the  sludge  there. 

1108.  Is  not  that  very  offensive  to  the  neighbourhood  ? 
— It  is  in  some  cases  very  offensive.  I  may  add,  my 
Lord,  that  in  the  case  of  Sheffield,  the  Board  has  had 
to  call  upon  them  to  treat  the  water  draining  from  this 
ilndge-tip,  to  construct  sewage  works,  just  as  if  they 
were  purifying  the  ordinary  sewage  ;  the  liquid  that 
drains  away  is  quite  as  bad  as  sewage,  sometimes  worse. 

1109.  In  the  sewage  works  where  no  sludge  is  pro- 
duced this  trouble  is  got  rid  of,  but  have  you  any  sewage 
works  where  no  sludge  is  produced? — In  all  the  sewage 
works  where  the  sewase  is  treated  on  land,  irrigated  in  its 
crude  state  upon  land,  there  is,  of  course,  no  sludge. 

1110.  Oh,  no? — But  what  I  referred  to  in  my  state- 
ment was,  that  if  this  method,  for  instance,  being  ex- 
perimented upon  at  Leeds  is  successful,  then  they 
will  get  rid  of  the  sludge  difficulty  wholly;  the  sludge 
is  destroyed  in  those  bacteria  beds ;  it  is  dissolved,  and 
goes  away  with  the  effluent. 

1111.  But  then  you  have  got  nothing  of  that  sort  yet ; 
though  that  is  what  we  are  all  hoping  to  get? — Well, 
there  are  those  experimental  tanks  at  Leeds  and  other 
places,  and  the  three  works  which  I  have  mentioned 
upon  which  I  have  not  expressed  any  opinion ;  three 
complete   works   have  been   constructed ;    I  mentioned 
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those  at  Thumscoe,  at  Horsforth,  and  at  the  Cookridge   Dr.a.M. 
Hospitals  in  Leeds.     .  ^^^ 

1112.  It  is  too  soon  to  express  any  opinion ?— Yes.        i^jiJ^sft^ 

1113-4.  Have  you  any  sort  of  suggestion  to  make  as  to      

any  better  disposal  of  the  sludge  than  throwing  it  on 
to  a  dustheap  ?— I  am  afraid  I  Lave  not ;  it  is  exceedingly 
difficult  to  dispose  of  it.  The  farmers  will  not  take  it, 
and  it  has  been  even  suggested  that  it  should  be  carried 
down  to  the  sea  from  the  Biding,  but  that  would  be  at . 
an  enormous  expense. 


1115.  At  an  enormous  expense  to  you,  of  course 
Yes.  There  have  been  proposals  to  bum  it—there  is  at 
least  one  patent  method  by  which  it  is  proposed  to  bum 
this  sludge,  but  it  is  not  in  action  at  any  place  that  I  know 
of. 


1116.  Has  it  ever  been  tried  that  you  know  of 
Experimentally  it  has  been  tried. 

1117.  But  you  do  not  know  at  all  whether  success- 
fully or  not  ? — ^Well,  it  was  tried  experimentally .  at 
Bradford,  but  I  know  that  the  Corporation  were  not 
satisfied  with  the  results. 

1118.  They  were  not? — ^No,  it  was  by  the  admixture 
•f  a  little  peat  with  the  sludge,  and  the  Bradford  sludge 
contains  a  great  deal  of  grease,  which  wouTd  make  it 
more  combustible  than  ordinary  sludge. 

1119.  Is  ^our  Board  represented  when  there  is  an 
inquiry  by  the  Local  Government  Board? — ^Yes;  the 
clerk  and  myself  have  been  directed  to  attend  all  Local 
Government  Board  inquiries  into  sewage  disposal 
schemes. 

1120.  And  have  you  anything  to  say  to  us  upon  that 
head  ? — ^Well,  it  would  be  a  very  good  thing,  I  think,  if 
the  Bivers  Board  were  made  aware  of  the  details  of 
sewage  disposal  schemes  before  inquiries  were  held.  At 
the  inquiry  is  our  first  opportunity  of  knowing  what  the 
scheme  of  the  authority  may  be,  and  always,  I  think,  we 
are  able  to  point  out  one  or  two  particulars  in  which 
the  schemes  can  be  amended.  We  have  the  local  know- 
ledge, of  course,  which  the  Local  Grovemment  Board 
inspector  cannot  have. 

1121.  The  only  thing  is :  Do  you  think  the  sanitary 
authorities  would  not  look  on  that  as  undue  interference  ? 
— ^I  think  not,  my  Lord  ;  it  has  not  been  the  experience 
of  the  Board  in  the  past;  they  have  always  met  us  in 
a  friendly  way,  and  nearly  always  have  accepted  our 
suggestions,  and  very  frequently  of  late  the  engineers  of 
schemes  have,  unofficially  I  should  say,  asked  us  to  look 
at  their  schemes  before  submitting  them  to  the  Local 
Government  Board. 

1122.  Do  you  think  it  would  be  advantageous  to  treat 
sewage  of  adjacent  authorities  as  one  joint  sewage 
works? — That  is  a  thing  that  really  should  be  done  in 
many  places  in  the  West  Biding,  because  of  the  con- 
figuration of  the  country,  and  because  the  river  valleys 
are  so  often  populous  for  their  whole  lengths,  with 
very  short  breaks  without  houses.  It  is  frequently 
necessary  to  have  the  sewage  works  of  two  or  three 
districts  combined.  It  has  been  done  in  several  places  ; 
I  may  mention  Brighouse. 

1123.  With  advantage  ?— -With  great  advantage. 

1124.  How  does  the  River  Board  deal  with  the  offend- 
ing sanitary  authorities? — ^The  usual  procedure  of  the 
Bivers  Board  has  been,  first,  to  caution  any  offending 
authority*  and  if  the  caution  is  not  sufficient  to  get  tiie 
matter  attended  to,  then  the  authority  is  asked  to  send  a 
deputation  to  a  meeting  of  the  Committee  dealing  with 
sewage  pollutions,  anfl  after  this  meeting,  the  authority 
is  asked  to  give  an  undertaking  to  take  certain  measures 
to  put  a  stop  to  the  pollution.  For  instance,  if  they 
have  no  sewage  works,  they  are  asked  to  submit  plans 
01  a  scheme  to  the  Local  Government  Board  within  a 
certain  definite  time.  If  they  do  not  give  this  under- 
taking, or  if  they  do  not  adhere  to  it  when  it  has  been 
given,  unless  they  have  some  sufficient  reason  f  ir 
departing  from  it,  proceedings  are  taken,  and  an  Ordor 
of  the  Court  obtained.  But  proceedings  have  been 
taken  in  very  few  cases  indeed  m  the  Riding.  All  tl>e 
work  which  is  shown  in  the  remarks  on  Tables  D,  and 
also  on  page  2  of  the  Annual  Report,  which  has  been 
submitted,  has  been  done  with  proceedings  only  jn  two 
cases. 

1125.  You  have  handed  in  a  report  of  the  number  of 
trades  poljiitions  in  the  West  Riding  ?--That  is  the 
larger  report,  my  Lord. 

1126.  Does  that  report  show  the  condition  of  things 
when  the  Boaid  was  established  ?— No,  my  Lord.  I  am 
sorry  there  is  no  report  showing  actually  the  condition 
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Mr  H.  M.  of  things  then.    This  survey  took  a  long  time  to  make, 
WiUon,     i^ixd  the  last  part  of  it  was  only  handed  in  to  the  Board 
ii.D^.8c.    last  December. 

ujoiyisps.  1127.  Then  the  improvements  which  have  been 
effected  since  are  marked  in  the  report? — ^Yes,  they  are 
marked  in  red  ink. 

1128.  But  those  improvements  are  only  since  the  date 
of  the  report? — Since  the  date  of  the  report  Many 
things  haa  been  done  before  the  report  was  given, 
especially  the  latter  part 

1129.  You  have  different  kinds  of  liquid  refuse  to 
meet  with  there :  coal-washing,  leather  trades,  brewing, 
paper  works,  wool  trade,  bleach  works,  silk  works,  iron 
works,  chemical  works,  gas  works,  soap  works,  malting, 
corn-washing.  Those,  I  suppose,  are  the  principal  of 
them  ? — ^Yes,  those  are  the  principal,  and  then  there  are 
some  unclassified  trades  all  lumped  together. 

1130.  Now,  when  you  come  to  deal  with  a  manufac- 
turer, how  have  pollutions  been  reported  to  the  Board? 
— They  were  reported,  in  the  first  instance,  according 
to  this  report,  trade  by  trade.  It  was  felt  by  the  Board 
that  it  was  better  to  deal  with  each  trade  separately,  so 
that  no  cause  for  complaint  should  be  given  to  one  manu- 
facturer in  one  part  of  the  Biding  that  he  was  being 
dezdt  with,  while  his  neighbour  at  some  other  stream  at 
a  distance  was  being  let  alone,  and  so  far  nearly  all  the 
action  of  the  Board  has  been  taken  trade  by  trade. 
But  recentiy,  «nce  this  report  was  completed,  and, 
indeed,  before  it  was  completed,  various  reports  had 
been  given  to  the  Board  upon  individual  streams.  These 
reporte  will  be  completed  for  the  whole  Riding  by 
degrees,  and  in  them  each  stream  is  dealt  with  separately. 
All  the  pollutions  in  each  stream  are  mentioned  in 
detail,  both  from  domestic  sewage  and  from  trade  refuse, 
and  Uien  most  likely  the  trade  pollutions  will  be  dealt 
with  stream  by  stream. 

113L  And  what  steps  does  the  Board  take  to  stop 
that  pollution? — ^The  steps  are  really  very  much  the 
same  as  in  the  case  of  domestic  sewage.  A  polluting 
manufacturer  is  first  warned,  and  if  he  does  not  heed 
the  warning  and  construct  works  of  purification,  or  get 
permission  to  turn  his  refuse  into  a  sewer,  he  is  asked 
to  appear  before  the  Committee  dealing  with  trade  pollu- 
tions, ani  to  show  them  cause  why  legal  proceedings 
should  not  be  ^ken  against  him.  In  most  cases  at  this 
interview  with  the  Committee  he  gives  an  undertaking 
to  deal  with  his  trade  pollution  within  a  fixed  time,  and 
if  he  refuses  to  give  this  undertaking,  or  does  not  carry 
it  out,  then  the  Committee  usualfy  recommends  the 
Board  to  take  proceedings  against  lum,  and  legal  pro- 
ceedings are  taken  against  him. 

1132.  In  how  many  cases  have  legal  proceedings  been 
taken? — ^Most  of  the  work  has  been  done  as  in  tiie  case 
of  sewage  pollutions,  by  the  Committee  of  the  Board, 
and  legal  proceedings  have  only  been  commenced  by 
summoning  the  manufacturer  before  the  Board  in  sixteen 
cases,  and  real  legal  proceedings  have  only  been  com- 
menced by  application  to  the  Local  Government  Board 
in  two  cases.  Before  the  Courts  an  order  has  been  ob- 
tained a^inst  a  manufacturer  in  one  case ;  in  the  other 
case  the  Local  Gk)vemment  Board  gave  leave  to  prosecute* 
but  the  proceedings  were  postponed,  because  an  inquiry 
was  to  be  held  into  his  nght  to  drain  into  the  public 
sewers,  or  at  least  involving  the  decision  of  his  right  to 
drain  into  the  public  sewers,  and  that  inquiry  was  only 
held  yesterday. 

1133.  You  have  had  very  little  legal  proceedings? — 
Legal  proceedings — ^very  few. 

1134.  You  have  found  them  very  reasonable  then? — 
The  great  cause  of  delay,  I  think,  is  that  the  manu- 
facturers do  not  knoif  exactly  what  their  legal  position  is. 

1135.  They  do  not? — ^There  are  a  great  many  cases 
hanging  upon  this  decision,  which  will  be  given  upon  the 
case  inquired  into  by  the  Local  Government  Board 
yesterday ;  they  do  not  know  whether  it  is  their  own 
duty  or  the  duty  of  the  sanitary  authority  to  deal  with 
their  trade  refuse. 

1136.  What  is  the  case  that  is  being  inquired  into 
exactly  ? — ^It  was  the  case  of  a  certain  manufacturer  in  the 
wool  trade.  Application  was  made  by  the  Board  to  the 
Local  Government  Board  for  permission  to  prosecute 
him,  and  permission  was  given  after  local  inquiry.  Then 
he  applied  to  the  Local  Government  Board  under  the 
Public  Health  Act,  Section  299  I  believe  it  is,  making  a 
complaint  that  the  sanitary  authority  had  not  provided 
sufficient  sewers  for  the  needs  of  their  district ;  that  is, 
that  they  had  not  provided  sewers  sufficient  to  take  his 


trade  refuse.  There  is  a  sewer  which  passes  his  mill 
and  which  takes  all  the  domestic  sewage  in  the  neigh- 
bourhood, but  he  claimed  that  he  should  Lave  the  right 
to  turn  his  trade  refuse  in,  and  the  authority  had  not 
provided  sewers  and  sewage  works  sufficient  for  that. 
The  inquiry  by  the  Local  Government  Board  was  into 
that  complaint 

1137.  His  complaint  that  there  were  not  sewen  enough  ? 
—Yes. 

1138.  Then  what  do  you  do  when  sanitary  authorities 
without  sewage  works  undertake  to  deal  with  trade  re- 
fuse?— ^We  have  many  cases  of  that  kind,  and  when  a 
sanitary  authority  without  sewers  or  sewage  works  under- 
takes this  the  Board  has  asked  the  sanitary  authorities 
upon  what  conditions  they  will  admit  trade  refuse — ^that 
is,  what  preliminary  treatment  of  the  trade  waste  they 
will  require  from  the  manufacturer.  Whenever  they 
decide  upon  those  conditions  the  Board  asks  the  manu- 
facturer to  comply  with  those  conditions  at  once,  not 
recognising  them  as  sufficient  for  the  purification  of  his 
refuse  before  he  turns  it  into  the  stream,  but  recognking 
that  it  is  not  just  to  ask  him  to  put  down  expensive 
purification  works,  if  afterwards,  within  a  year  or  two 
years,  he  is  going  to  get  admission  into  the  sewers.  And 
in  the  meantime,  by  the  works  that  he  constructs  to  take 
out  the  solids  to  satisfy  the  sanitary  authority,  so  much 
purification  of  the  stream  is  got, — ^the  solids  are  taken 
out 

1139.  What  can  be  done  by  a  manufacturer  whose 
works  are  surrounded  by  houses  ? — ^There  are  several  very 
difficult  cases  indeed,  and  when  a  manufacturer's  pre- 
mises are  in  the  middle  of  a  town  he  has  been  always, 
I  think,  asked  to  approach  his  sanitary  authority  to  see 
if  they  will  not  admit  his  refuse  into  the  sewer.  If  he 
cannot  ?et  that  permission  then  it  is  open  to  him  to 
adopt  some  of  the  patent  methods  of  purification  which 
take  up  less  room  than  the  ordinary  settling  tanks  and 
filter  beds.  There  are  several  instances  where  the 
manufacturers  are  adopting  methods  of  that  kind. 

1140.  Can  you  describe  one  at  all? — ^There  is  the 
method  of  Mather  and  Plati^,  a  patent  settling  tank  it 
really  is,  in  which  the  sludge  is  blown  up  into  the  liquid 
in  the  tank  each  time  the  tank  is  used,  and  assists  in 
depositing  the  remaining  sludge  in  the  trade  waste.  It 
really  is  a  settling  tank  which  requires  to  be  of  less 
capacity  than  the  settling  tanks  on  ordinary  principles. 
Then  tiiere  are  several  kinds  of  filters. 

1141.  When  a  mill  is  taken  on  a  yetktlj  tenancy,  whom 
do  you  consider  responsible? — ^The  person  responsible 
under  the  Act  is  the  manufacturer  who  discharges  refuse 
into  the  stream. 

1142.  However  short  a  lease  he  has  got? — ^However 
short  a  lease. 

1143.  And  do  you  deal  especially  with  new  pollutions  ? 
— ^That,  I  think,  is  one  of  the  defects  of  our  Act,  and  of 
the  Bivers  Pollution  Prevention  Act,  that  new  pollutions 
must  be  dealt  with  in  exactly  the  same  way  as  old  pollu- 
tions. 

1144.  Oh,  they  must? — ^There  is  no  summary  way  of 
dealing  with  them. 

1146.  Do  you  get  questions  about  riparian  rights 
arising? — That  is  a  very  serious  question  on  many  of 
the  streams  in  the  Biding.  On  some  of  tibe  smaller 
streams  the  water  is  used  over  and  over  again.  In  one 
case,  Batley  Beok,  in  the  course  of  seven  miles  from 
the  source  of  the  stream  to  the  Calder,  there  are  sixty 
mills  on  the  banks  of  the  main  stream,  perhaps  as  many 
again  on  its  small  tributaries,  and  each  of  those  mills 
is  drawing  water  from  the  stream.  In  the  upper  reaches 
they  use  it  for  manufacturing  processes ;  in  the  lower 
reaches  they  use  it  either  for  boiler  purposes  or  for 
condensing  water.  They  are  at  present  turning  that 
water  back  into  the  stream.  If  they  all  turned  it  into  the 
sewers  there  would  be  no  water  in  the  stream  in  the 
lower  reaches.  And  then  again,  in  tiie  case  of  one  of  the 
Becks  in  Leedls,  there  are  a  great  many  large  tanneries, 
the  effluent  from  which  is  of  a  very  polluting  character, 
far  worse  than  ordinary  town  sewage,  and  owing  to  the 
work  done  by  the  Board  most  of  the  tanners  have  con- 
structed works  for  the  preliminary  purification  of  thi<s 
refuse,  and  lave  been  allowed  to  discharge  their  effluents 
into  the  town  sewers.  Now  the  Aire  and  Calder  Navi- 
gation Company,  who  have  special  powers  Tmder  special 
Acts  of  Parliament,  have  served  notice  of  proceedings 
both  upon  the  Corporation,  I  believe,  and  upon  the 
manufacturers  because  they  have  abstracted  this  water 
from  the  stream. 

1146.  Do  you  find  any  trade  pollutions  which  the 
Bivers  Board  cannot  deal  with?— The  great  trade  poUu- 
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lion  wliioh  the  Biyen  Board  has  no  powers  for  dealing 
with  is  that  of  ochre  water  from  mines.  From  manj  of 
tike  mines  at  the  head  reaches  of  the  Don  and  Oalder 
YalleTS  a  large  amount  of  ochre  water  resulting  from  oxi- 
dation of  iron  pyrites  is  discharged,  and  this  water  is  very 
acid.  In  one  or  two  instances  where  it  was  examined, 
there  were  serenty  grains  per  gallon  of  free  sulphuric  acid 
in  it,  and  when  it  is  used  for.  boiler  purposes  it  quite 
spoils  the  boilers  of  the  manufacturers— corrodes  the 
plates. 

1147.  Do  you  mesn  that  you  have  no  power  to  deal 
with  it^  or  iAaH — It  is  specially  exempted  by  the  Act. 

1148-9.  Is  it? — That  water  pumped  from  mines,  as  it  is 
pumped  from  the  mines,  is  exempt  &om  the  provisions 
of  the  Act 

1150.  Now  can  you  tell  us  in  what  cases  the  waste  pro- 
ducts are  recovered  from  trade  refuse  I — ^There  are  several 
of  the  trades  in  which  this  has  been  done.  In  the  wool 
trade  i^e  waste  grease  is  recovered  in  very  many  oases. 
If  I  may  direct  your  attention  to  the  big  report  you  will 
find  "seak  tanks"  mentioned  in  many  instances.  The 
"seak  tank"  it  is  called.  That  is,  a  process  for  re- 
covering the  grease  from  the  wool  combers  suds  or  from 
the  piece  scouring  or  milling  suds.  Then,  in  the  case 
of  coal  washing,  I  think  in  practically  every  case  it  has 
been  a  great  saving  to  the  collieries  that  the  Bivers 
Board  has  made  thesn  purify  their  waste  waters.  In  one 
case  the  manager  of  a  colliery  has  told  us  that  he  has 
saved  300  tons  of  coot  a  fortnight  because  of  the  measures 
he  was  made  to  adopt.  There  it  is  made  into  coke  ;  in 
other  coses  it  is  burned  under  the  ooke  ovens.  Then  in 
the  case  of  paper  works*  in  several  of  the  paper  mills 
they  re-use  all  the  sludge  which  they  collect  from  their 
trade  waste.  In  the  case  of  bleach  works  there  has  been 
a  great  saving  in  one  or  two  cases,  because  they  do  not 
discharge  the  chlorine  water  that  they  used  to  discharge 
— the  bleaching  Hquor.  Li  the  case  of  the  iron  trade 
there  is  some  return  to  be  made  from  the  crystalHsed 
copperas  (ferrous  sulphate)  which  the  iron  liquor  contains. 
And  in  the  chemical  works  in  several  instances  the 
manafaotureFS  have  at  least  partly  recouped  themselves 
for  the  expenses  oi  purification  plant— HSt  soap  works 
glycerine  plant  has  been  constructed  in  many  oases. 

1151.  Is  there  the  same  sludge  difficulty  with  trade 
refuse  as  from  domestic  sewage? — ^It  is  quite  as  bad, 
perhaps  even  worse,  because  much  of  the  sludge  from 
trade  refuse  has  no  manurial  value.  It  has  generally  to 
be  got  lid  of  by  tippii^  it  on  waste  land  or  by  getting 
rid  of  it  along  with  the  cinders  of  the  miH. 

1152.  Where  woidd  the  sludge  accumulate— on  the 
trader's  premises,  I  suppose  ? — Li  the  first  instance. 

1153.  Wei,  then,  he  has  no  zitght  to  take  that  and  tip 
it  cm  to  waste  land  ? — ^Unless  the  land  belongs  to  him. 

1154.  But  as  a  general  rule  is  that  what  happens — 
that  he  tips  it  on  to  land  that  does  belong  to  him  ?— -As 
a  rule  that  is  so. 

1165.  And  then  there  it  remains — a  nuisance  the  same 
as  the  other? — Just  the  same  as  the  other.  In  man^ 
eases  the  manufacturer  tries  to  make  use  of  it  on  agri- 
cultural land  if  possible,  but  the  manurial  value  is  evi- 
dently very  sman.  In  other  cases  he  tries  to  bum  it, 
in  some  few  cases  with  success,  but  usually  it  contains 
so  much  moisture  lAiat  it  costs  more  to  bum  it  than  any 
good  he  gets  out  ol  it  in  steam  raising. 

1156.  In  the  case  of  a  man  who  has  no  land  <^  his  own, 
what  does  he  do?— There  are  very  few  cases  where 
it  is  altogether  impoesfble  to  ofbtain  land. 

1157.  I  see? — ^I  do  not  think  we  have  met  with  any 
case  of  the  kind  yet. 

1158.  He  caoi  always  throw  it  away  (m  to  his  own  land 
somewhere? — ^He  has  already  in  most  cases  cinders  to 
get  rid  of  from  his  fum«k2es,  and  he  can  get  rid  of  his 
sludge  in  the  same  way  as  he  can  get  rid  of  his  cinders. 

1159.  He  has  got  somewhere  that  he  can  deposit  it? 
—Yes,  there  is  some  outiet  for  it.  Perhaps  before  you 
leave  the  previous  question  I  might  say  that  in  a  good 
few  instances  the  manufacturers  are  making  a  claim  that 
if  they  have  to  constmot  purification  works  the  sanitary 
authorities  should  at  least  remove  their  sludge  for  them. 
That  clarlm  has  been  made  in  several  cases.  I  do  not 
know  any  case  where  the  sanitary  authority  has  done  so  ? 

1160.  Has  the  Rivers  Boatd  adopted  anv  standard  of 
pnri^  there  for  the  sewage  or  trade  refuse,  or  purified  trade 
refuse? — No.  'rhey  have  been  frequently  asked  to  say 
vhat  standard  of  purity  they  require »  but  they  have 
ilways  refused  to  state  any  standard.  They  have  found 
it  impossible  to  fix  anv  standard  applicable  to  all  cases. 
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1161.  There  was  just  one  thing  more  I  wanted  to  ask  Dr.H.M. 
you  about  the  experiments  in  Leeds.  You  told  us  that  the  n'^^'^^jst. 
whole  of  the  sewage*  combined  trade  refuse  and  sewage,     '  JL. 
together  was  being  experimented  upon?— The  whole  of  HJniyMWi 
the  sewage  was  for  several  months  treated  exactly  as  it 
reached  the  outfall,  but  I  think  I  said  that  now  lately  it 

has  been  screened  to  get  rid  of  the  grosser  suspended 
solids. 

1162.  You  began  by  simply  oaitcbing  it  at  the  outfall, 
and  pouring  it  straight  on  to  the  filters  ? — ^That  was  so. 

1163.  And  then  the  solids,  I  presume,  rather  stopped 
the  action  of  the  filter — choked  it  ? — ^They  did  not  choke 
the  filters  at  all,  but  they  began  to  form  a  sort  of  felting 
over  the  surface,  and  it  was  thought  that  this  felting  of 
straw 

1164.  What  do  you  oaU  it  ? — A  felting  material,  a  coat- 
ing, a  matting  of  the  straw  and  paper,  and  smaU  pieces  of 
wood,  orange  peel,  and  fibre  from  the  mills;  woollen 
fibre  formed  a  coating  on  the  surface  of  the  coke,  and  it 
was  thought  that  this  coating  would  prevent  the  proper 
aeration  of  the  filter.  To  prevent  that  the  screening 
arrangements  were  put  down. 

1165.  Then  have  you  practically  found  any  difference 
since  the  screen  was  put  down  ? — ^No  difference  that  could 
be  ascribed  to  the  screening. 

1166.  No  difference? — Other  alterations  have  taken 
place  in  tihe  way  in  which  the  filters  were  worked.  They 
were  for  a  long  time  charged  thrice  a  day ;  of  late  they 
have  been  charged  twice  a  day,  and  the  result  has  been 
very  much  bettor  since  they  were  charged  twice  a  day 
than  before. 

1167.  I  am  not  quite  sure  that  I  understand  what  you 
mean  by  charging  ?— The  way  in  whidi  the  filters  are  uised 
in  this.  The  sewage  is  run  into  the  first  filter — ^the  coarse 
filter — ^which  takes  about  an  hour  to  fiilL  The  sewage 
remains  in  that  filter,  being  kept  back  by  a  valve  for 
some  two  hours ;  then  the  valves  are  opened,  and  the 
sewage  runs  out  of  the  filter  slowly.  It  takes  about  an 
hour,  roughly  speaking,  to  empty  the  filter.  Then  the 
filter  remains  empty  for  a  certain  period.  Each  is  used 
in  periods  of  eight  hours.  Changes  have  taken  place  &om 
time  to  time  in  the  way  the  filters  are  worked,  so  I  may 
be  making  some  mistake  in  the  way  in  whi(^  titiey  are 
used  now.  But  I  think  there  is  allowed  four  hours  for 
the  filter  to  rest  for  aeration,  no  sewage  being  in  it.  Then 
the  filter  is  filled  and  allowed  to  stand  full  of  sewage,  and 
slowly  emptied  again. 

1168.  Then  one  lot  of  sewage  took  eight  hours  ?— Yes. 

1169.  And  now  you  do  it  oftener  than  that  ?^— Na  It 
is  still,  I  believe,  used  in  the  same  way,  only  the  filter 
instead  of  beii^  charged  three  times  a  day,  that  is,  in 
three  shifts  of  ^ght  hours  in  the  twenty-four,  it  is  now 
charged  twice  during  the  day,  and  in  the  night-time  it 
is  stopped  off»  because  it  is  more  convenient  to  work 
the  filters  by  daylight,  and  the  night  hours  are  given  for 
rest  and  aeration.  I  believe  that  is  what  is  done  at 
present. 

1170.  And  you  consider  that  that  has  improved  it? — 
Very  much  so. 

1171.  But  you  do  not  find  that  this  felting  over  the 
iop»  as  far  as  you  saw,  did  any  harm  ?— I  do  not  think  that 
one  could  prove  that  any  harm  resulted  from  it. 

1172.  But,  if  it  went  on  long  enough,  I  suppose, 
it  would  become  impermeable? — ^Yes,  tiiat  was  reiJly 
the  fear,  that  it  would  coat  the  whole  surface  of  the  filter, 
and  prevent  the  air  getting  in. 

1173.  {Mr.  Killick.)  The  area  under  the  jurisdiction 
of  lAie  West  Biding  of  Yorkshire  Bivers  Board  roughly 
coincides  with  the  watersheds  of  the  rivers  you  have 
mentioned  ? — Yes.  There  are,  as  I  have  mentioned,  one 
or  two  top  waters  of  Lancashire  rivers  in  the  Biding,  but 
practically  it  is  the  watersheds  of  the  rivers  that  go  to 
the  Humber. 

1174.  Can  you  say  anything  as  to  the  relative  efficiency 
of  the  sewage  works,  and  the  manufacturing  effluente  since 
the  formation  of  the  Board  7  Can  you  give  us  any  figures 
as  to  what  was  done  before  the  Board  was  formed,  and 
what  has  been  done  since  ? — ^In  the  A^nn^^^^  report  on  the 
second  pi^e^  which  was  presented,  I  think,  to  the  Com- 
mission— it  is  not  in  this  statement,  but  it  was  presented 
to  the  Commission — ^there  is  a  statement  of  the  number 
of  sewage  disposal  works  in  operation  in  1896,  in  1897, 
and  in  1898f  showing  the  relative  position  of  the  work? 
in  operation,  works  in  progress  or  sanctioned  by  the 
Local  Government  Board,  schemes  before  the  Local 
Government  Board,  and  schemes  in  preparation. 
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Dr^H.M.       1176.  Well  I  will  put  the  question  in  another  way. 
WUton.     Since  the  fonnation  of  the  Board,  has  the  pace  of  nro- 
m.DmB.8c.    ^j^jjjjg  f^,  ^Q  treatment  of  sewage  been  acceienatedl— 
14  xnly  1808  Oh,  yes,  very  greatly. 

1176.  Very  greatly  accelerated  ?— Very  greatly. 

1177.  And  that  is  also  true  of  manufacturing  eflaiuents  1 
—Yes.  Would  you  allow  me,  sir,  to  add  that,  of  course, 
sQQiA  of  the  work  now  being  carried  on  by  the  Bivers 
Board  was  being  done  by  the  County  Oouncfl  before  the 
formation  of  the  Joint  Committee. 

1178.  When  did  the  County  Council  begin  to  treat 
sewage  works?— They  were  established  in  1888,  and 
almost  immediately,  I  think,  began  to  take  up  the  ques- 
tion of  rivers  pollution. 

1179.  I  will  take  you  to  the  treatment  of  sewage. 
Broad  irrigation  on  land,  I  presume,  you  consider  the  best 
means  of  treating  sewage  ?— It  depends  entirely  upon  the 
eliaracter  of  the  sewage,  and  upon  the  character  of  the 
land.  Broad  irrigation  on  land  for  the  sewage  of  manu- 
facturing towns  is,  I  am  quite  sure,  a  failure  generally, 
and  broad  irrigation  on  land,  that  is,  without  any  previous 
treatment — 'broad  irrigation  on  land  of  the  nature  of  which 
it  is  in  many  instances  in  the  Biding,  is  also  a  faihire 
where  the  land  is  very  stiff  clay. 

1180.  You  say  broad  irrigation  on  land,  without  regard 
to  its  quality  of  sewage  effluent  for  a  manufacturing  town 
exactly,  means  a  failure  ? — ^Yes,  it  has  been  found  so  in 
many  cases  in  Yorkshire. 

(Chairman.)  I  am  very  ignorant,  but  will  you  tell  me 
what  broad  irrigation  is  ? 

1181.  (Major-General  Carey.)  I  think  that  broad  irri- 
gation is  the  disposal  of  crude  seiwage  on  land  without  any 
preliminary  treatment.  There  may  be  subsidence  tanks, 
but  otherwise  there  is  no  previous  treatment? — ^I  think 
I  would  add  to  that,  if  I  might,  that  crude  sewage  might 
be  disposed  of  on  land  not  by  broad  irrigation,  but  on 
the  intermittent  down  filter. 

1182.  Well,  I  am  assuming  broad  irrigation ;  you  have 
a  population  which  suits  broad  irrigation,  that  is,  the 
100  of  population  to  the  acre. 

(Mr,  Killick.)  300  to  an  acre. 

(Major-General  Carey,)  We  have  said  300  to  an  acre, 
but  it  has  always  been  an  excess ;  in  nineteen  towns  oi 
England,  the  largest  towns  in  England,  the  average  is  not 
more  than  149  per  acre. 

1183.  (Mr.  Killick.)  But  Dr.  WHson's  answer  is  dis- 
tinct, that  for  the  sewage  of  a  manufacturing  town,  broad 
irrigation  is  not  always  the  most  successful  treatment? — 
Would  you  like  me  to  give  you  instances  of  that? 

1184.  I  should  be  obUged  ? — ^Because  I  have  instances. 
Those  cases  that  I  have  are  not  cases  of  broad  irrigation 
of  crude  sewage ;  thev  make  the  ease  even  stronger  in 
support  of  what  I  said.  In  the  case  of  Otley,  which  is 
in  the  Wharfe  Valley,  there  are  sewage  works  only  six 
years  old.  They  were  sanctioned  by  the  Local  Govern- 
ment Board  in  1892, 1  believe,  and  they  have  precipitation 
tanks  and  land  laid  out  for  intermittent  downward  filtra- 
tion; that  is,  the  sewage  is  applied  to  one  plot  for  a 
time,  until  it  refuses  to  pass  through  the  soil,  then  it 
passes  on  to  another  plot,  giving  the  first  time  to  rest. 
The  land  at  OUey  sewage  works  is  exceptionally  good  for 
sewage  treatment,  but  because  of  the  amount  of  trade 
waste  mixed  with  the  sewage,  the  works  have  become 
wholly  inefficient ;  the  land  has  become  thoroughly  silted 
up,  and  iiie  authority  has  been  threatened  with  action 
for  causing  a  nuisance,  because  the  sewage  stood  in  pools 
on  the  land,  and  became  very  offensive  to  the  neighbour- 
hood. 

1185.  What  extent  of  land  to  the  population  have  you  ? 
— ^Five  acres  of  land  to  a  population  of  some  7,000. 

1186-7.  You  see  that  is  very  much  less  land 

(Major-General  Carey.)  That  would  not  be  broad  irri- 
gation 5 — That  is  after  precipitation  of  the  solids. 

1188.  (Mr.  Killick.)  That  is  not  my  question ;  the 
iiuestion  is,  with  broad  irrigation,  and  a  proper  amount  of 
land — that  is,  an  acre  of  land  to  less  than  300  persons — 
do  you  still  repeat  your  opinion  that  a  manufacturing 
town's  sewage  cannot  be  most  efficiently  treated  on  that  ? 
— Yes,  I  do,  sir,  for  this  reason,  that  even  in  these  cases, 
as  at  Otley  and  Burley  (Burley  is  a  place  where  thero 
is  no  chemical  precipitation,  but  at  Otley  there  is  chemical 
precipitation,  which  removes  a  great  part  of  the  solid 
matter  from  the  sewage),  the  land  is  not  capable  of  dealing 
with  it. 

1189.  Can  you  give  us  any  illustration  of  broad  irriga- 


tion with  a  sufficient  acreage  of  land  that  has  been  a 
failure  ?  There  is  not  sufficient  acreage  here  ?— Not  for 
1^  treatment  of  sewage  by  land  alone. 

1190.  No  ? — ^I  am  afraid  I  cannot ;  it  has  not  been  tried. 
There  is  the  case  I  gave  of  Ecdeshiil,  where  they  have 
eighty  acres. 

1191.  With  what  population? — ^To  a  population  of — 
there,  again,  they  have  too  large  a  populcbion;  I  am 
afraid  I  cannot  give  you  the  exact  population  draining 
into  these  works. 

1192.  (Major-General  Carey.)  Eccleshill,  would  it  not 
be  quite  7,500? — Yes,  but  they  have  two  sewage  works 
there. 

1193.  EccleehiU  urban,  eight  acres,  7,500  populaticmt 
— ^Yes,  that  is  my  list,  1,500  houses;  but  I  camiot 
give  you  any  place  where  sufficient  land  is  used  for  com- 
bined trade  waste  and  domestic  sewage. 

1194.  (Mr.  Killick.)  Then  as  between  the  two  systems 
with  all  their  variations  and  precipitation  and  land  filtra- 
tion, which  may  be  described  as  artificial  filtration,  can 
you  give  any  opinion  as  to  the  relative  merits  ?^— I  would 
not  like  to  give  any  definite  opinion,  because  it  is  not 
based  on  a  large  number  of  analyses.  The  laboratory  of 
the  Bivers  Board  has  only  been  established  some  nine  or 
ten  months,  but  I  have  given  one  or  two  analyses  of  each 
kind  of  sewage  effluent  in  this  statement,  and  beyond  that 
I  should  not  like  to  give  any  definite  opinion. 

1195.  You  spoke  of  it  being  advisable  to  estaibHah  joint 
boards  for  the  treatment  of  sewage.  Are  you  aware  of 
any  powers  existing  anywhere  by  which  authorities  can 
be  coxnpelled  to  make  joint  board!s  ?— -No,  I  do  not  think 
there  is  any  such  power.  l%e  Biyers  Board  has  used  its 
influence  by  calling  authorities  together  before  them  to 
get  them  to  combine  in  schemes  of  sewage  treatment^  and 
they  have  been  fairly  successful,  but  they  have  no  actual 
power. 

1196.  With  regard  to  the  standards,  you  are  not  in 
favour  of  standards  beine  fixed  ? — ^No,  I  hare  advised  the 
Bivers  Boards  that  it  is  mipossible. 

1197.  You  are  probably  awaie  that  for  the  purposes  of 
dflssification  the  Mersey  and  Irwell  Joint  Committee  have 
adopted  what  they  have  described  as  ''limdts  of  im- 
purity "  ?— Yes. 

1196.  Those  limits  of  impurity  are  one  grain  per  gallon 
albuminoid  ammonia,  one  quarter  grain  oxygen  absorbed, 
any  test,  one  grain  oxygen  absorbed  four  hours  testl^- 
0-1  grain  a  gallon  of  albuminoid  ammonia,  I  think  it  is. 

1199.  lyes.  Do  you  think  these  are  fairly  satisfactory 
tests  for  the  purposes  for  which  they  are  used  ?--I  may 
say  that  I  myself  have  taken  the  same  as  a  working  test 
I  have  consulted  several  of  those  officers  of  county  councils 
and  Bivers  Boards  who  are  concerned  in  the  same  work, 
and  after  hearing  what  standards  they  took,  and  the  ex- 
perience that  I  have  had  m  the  Biding,  I  have  taken  those 
very  standards. 

1200.  And  you  find,  as  a  rule,  that  the  albuminoids 
ammonia  test  and  four  hours'  oxygen  absorbed  test  agree 
roughly  ?— Boughly  they  do,  yes.  I  think  I  should  like 
to  add,  if  I  may,  to  what  I  have  said,  that  a  chemical 
standard  alone  does  not  seem  to  me  to  be  always  quite  a 
fair  standard,  because  the  effluent  from  a  sewage  farm 
where  chemical  methods  are  used,  compared  with  that 
from  a  sewage  farm  where  land  treatment  is  adopted,  or 
where  the  modem  methods  of  biological  filtration  are 
adopted,  may  be  of  the  same  impurity  or  purity  judged 
from  a  chemical  analysis,  but  for  all  that  the  one  will 
be  a  much  better  effluent  than  the  other. 

1201.  How  so?— The  effluent  from  a  chemical  treat- 
ment of  a  sewage  will  have  a  much  worse  effect  upon  a 
river  than  the  effluent  by  a  biological  treatment,  whether 
through  artificial  filters  or  through  land,  and  I  would  like 
to  point  out  to  you  a  case  in  my  statement  under  the 
head  of  ohemical  precipitation.  There  is  an  effluent 
from  Bradford  Sandy  Lane  works,  which  gives  oxygen 
absorbed  in  four  hours  0*455,  much  under  the  working 
standard  and  the  albuminoid  ammonia  0*14,  which  is  not 
greativ  over  tftie  working  standard,  but  that  effluent  is  a 
very  bad  one  notwithstanding.  It  is  an  effluent  after 
alumino  feme  precipitation  in  settling  tanks  only*,  and 
the  Corporation  of  Bradford  have,  owing  to  the  effect 
it  had  on  the  stream  into  which  it  was  discharged  since 
added  filters.  • 

1202.  Of  course,  those  making  the  tests  should  apply 
every  test  in  doubtful  cases,  but  for  the  rough  apparatus 
of  classification  you  agree  with  Mr.  Scudder's  tests  ?— I  do 
agree  with  tb-'m. 

12r"-  (Co^  Kel  Harding.)  First,  in  regard  to  trade  pol- 
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lutioD0, 1  see  that  in  th*  area  with  whioh  y<m  hare  to  deal 
there  are  nearly  1,300  separate  caaes  of  trade  pollutions? 
^That  is  80,  sir. 

1204.  Trade  poQutions  on  the  streams ;  therefore,  you 
haye,  I  suppose,  a  great  varied  of  these  pollution*  ?— I 
think  there  can  be  scarcely  any  trade  in  tiie  country  of 
whioh  we  have  not  a  representative  in  the  Riding. 

1206.  Therefore,  your  experience  in  a  few  years  will 
be  Ot  great  vakie  to  the  country  at  large  ?'— I  hope  ao. 

1206.  Now  you  spoke  about  the  wiHingnesB  of  manufac- 
turers to  carry  out  certain  works,  but  I  suppose  if  they 
are  unwilling  it  is  to  a  great  extent  due  to  l^e  uncertain^ 
as  to  what  means  they  should  take  to  purify  their 
effluents?— I  believe  their  unwillingness,  when  there  is 
unwillingness,  is  due  to  two  kinds  of  unoerfcaanty ;  first, 
the  uncertainty  as  to  the  state  of  the  law,  and,  secondly, 
the  uncertainty  as  to  the  means  they  should  adopt. 

1207.  And,  therefore,  after  you  have  had  a  larger  ex- 
perience of  the  work  of  your  Board,  probably  their  diffi- 
culties will  rapidly  disappear— They  wili  lessen  with  every 
successful  purification  works  that  is  constructed. 

1206.  The  hesitation  of  local  authorities  to  decide 
whether  they  will  or  will  not  admit  trade  effluents  is 
largely  due,  I  suppose,  to  the  uncertainty  of  the  expense 
to  which  they  may  be  put  if  they  have  to  deal  with  those 
trade  effluents  ^— v  ery  largely. 

1200.  In  some  cases  the  admixture  of  trade  effluents 
with  domestic  sewage  might  involve  totally  distinct 
methods  of  treatment  of  the  sewage  of  a  local  authority  ? 
— ^Yes.  I  might  point  to  the  case  of  Dewsburjr,  where 
they  have  a  very  successful  farm  on  broad  irrigation  lines, 
»Dd  where  at  present  only  the  domestic  sewage  is 
treated.  If  they  were  to  take  in  all  the  trade  refuse  of 
the  borough,  they  woidd  certainly  have  quite  to  alter 
their  method  of  treatment 

1210.  In  regard  to  many  trade  effluents,  you  think  they 
are  of  a  character  that  they  could  be  admitted  into  sewers 
without  seriously  prejudicing  the  treatment  of  the 
sewage? — Certainly.  I  think  that  in  all  cases,  however, 
the  suspended  solids  should  be  taken  out  by  the  manu- 
facturer before  he  discharges  his  refuse  into  the  sewers. 

1211.  Therefore,  while  there  are  certain  effluents 
which  must  be  objectionable  in  regard  to  their  recei>tion 
into  sewers,  in  most  cases,  where  solids  are  deposited, 
you  think  that  the  effluents  from  manufactories  might  be 
admitted  without  objection  inito  the  sewers?— Yes,  in 
most  cases. 

1212.  Now,  where  that  cannot  be  done,  and  where 
affluents  must  necessarily  go  into  the  stream,  do  you 
think  it  is  sufficient  for  the  present  to  call  upon  the  manu- 
facturer simply  to  deposit  the  solids? — ^No,  sir;  the 
Rivers  Board  has  already,  in  its  proceedings  against  a 
manufacturer,  against  a  tanner,  fought  the  question 
before  the  Ck>urbs  on  the  matter  of  providing  filtration,  in 
addition  to  adequate  settling  tanks.  l%e  manufacturer 
was  willing  to  provide  sufficient  settling  tanks  which 
would  take  the  suspended  solids  out  of  his  trade  refuse, 
but  the  Bivers  Board  was  not  satisfied  with  that,  and 
asked  for  an  order  compelling  him  to  add  filtration,  and 
that  he  has  done,  or  is  doing  now. 

1213.  And  in  such  a  case  dealing  with  the  effluent  from 
a  tannery,  you  probably  might  consider  that  the  matters 
in  solution  were  as  objectionable,  or  might  be  more  objec- 
tionable than  the  mister  in  suspension? — ^Well,  in  this 
case,  in  my  evidence  before  the  Court,  I  told  the  magis- 
trate that  the  liquid  matter  discharged  from  the  tannery 
was  worse  from  the  pollution  of  rivers  point  of  view  than 
ordinary  town  sewage,  and  that  I  strongly  believe.  It 
contains  such  a  great  deal  of  putrescible  and  putrefying 
oiganic  matter. 

1214.  Then,  where  a  trade  effluent  is  turned  into  a 
stream,  you  think  that,  in  addition  to  the  settlement  of 
the  solids,  there  should  in  most  cases  be  some  method  of 
filtration  ? — I  think  I  would  rather  go  further  than  that, 
and  say  that,  in  all  cases,  with  very  few  exceptions  indeed. 
There  are  some  exceptions  ;  for  instance,  the  refuse  from 
stone  sawing,  which  we  have  at  a  great  number  of  places 
in  the  Ridinfi:,  need  not  be  filtered,  but.  with  some  few 
exceptions  like  that,  I  think  no  satisfactorv  result  will  be 
Rot  until  means  of  filtration  are  adopted  at  all  the  manu- 
factories. 

1215.  Then  I  understood  you  to  say,  in  reply  to  a 
•mestion,  that  a  good  deal  of  delav  arose  within  your 
area  in  getting  these  trade  pollutions  stopped  by'  the 
uncertainty  as  to  the  condition  of  the  law  in  regard  to 
the  rifirhts  of  the  manufacturer  to  have  his  effluent  taken 
into  the   qewers.     There  has  been.   I  believe,   no  case 
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actually  brought  before  the  courts  except  that  one  of  Dr.  a.  Jf . 
Peebles  v.  the  Oswaldtwistle  Urban  District  OouncU?—  ^^^^^ 
I  believe  not,  sir.  '  2^ 

1216.  Now,  passing  on  to  the  treatment  of  sewage,  I  ^*^°^^*' 
suppose  the  inefficiency  of  which  you  speak  in  connec- 
tion with  the  treatment  of  sewage  in  county  boroughs  is 

due  very  largely,  not  onl^r  to  the  absence  of  suitable 
land,  but  to  the  ^reat  variety  and  volume  of  the  trade 
effluents  with  which  they  have  to  deal? — ^Yes,  they  all 
take  in  a  large  amount  of  trade  effluents. 

1217.  In  regard  to  systems  of  precipitation  only,  have 
you  formed  any  general  opinion  from  your  experience 
as  to  whether,  by  means  of  chemical  precipitation  only, 
satisfactory  results  can  be  obtained  in  dealing  with  the 
sewage  of  an  authority  receivrog  also  trade  effluents  7 — ^I 
do  not  know  of  any  case  where  chemical  precipitation 
and  settlement  is  sufflcient  to  give  a  good  enough  efflu- 
ent to  discharge  into  a  stream. 

1218.  Then,  have  you  formed  any  opinion  ai|  to  the 
possibilit]p^  of  efficient  treatment  of  sewage  by  chemical 
precipitation  upon  it  by  filtration  through  land  in  simflar 
cases  where  there  is  the  admixture  of  trade  effiuents? — 
YeS;  I  could  point  to  Horbury,  where  a  large  volume  of 
trade  refuse  is  dealt  with,  where  the  combined  sewage 
is  chemically  precipitated,  and  then  dealt  with  upon 
land,  and  a  very  good  result  has  always  been  obtained. 

1210.  Have  you  to  deal  in  that  case  with  the  wool 
washings? — ^Yes,  there  is  a  good  deal  of  wool-washing 
there  and  dye  waters. 

1220.  Then  how  do  you  account  for  this :  on  page  34 
of  your  tables  I  see  in  the  case  of  the  local  authority  of 
Ossett  that  chemical  precipitation  followed  by  filtration 
through  land,  seems  to  give  somewhat  unsatisfactory 
results? — ^The  Ossett  case  is  a  peculiar  one.  In  the 
Ossett  district  most  of  the  mills,  I  believe,  are  working 
the  shoddy  trade,  and  in  that  trade,  in  addition  to  the 
ordinary  dye  waters  and  suds  of  the  wool  trade  generally 
there  is  a  vast  amount  of  solids  in  the  refuse  from  the 
miUs,  and  of  acid.  There  is  a  process  in  the  shoddy 
trade  by  which  the  cotton  in  the  old  clothes,  racs  that  are 
made  into  new  goods,  is  destroyed  by  carbonising  with 
acid,  and  very  large  quantities  of  acid  are  discharged  in 
the  mill  refuse.  Then  in  tearing  up  the  old  goods  and 
in  manufacturing  them  into  new  a  great  amount  of  fibre 
and  dirt  is  discharged  at  various  times  with  the 
trade  refuse,  so  that  the  Ossett  case  is  quite  an  excep- 
tional one,  and  there  the  volume  of  trade  waste  is,  I 
should  say,  many  times  the  volume  of  domestic  sewage. 

1221.  Then,  passizig  to  chemical  precipitation  and  arti- 
ficial filtration,  the  instance  of  Bradford  appears  to  be 
specially  interesting,  is  it  not?— It  is. 

1222.  In  the  case  of  Bradford,  I  suppose  there  is  an 
mjmense  volume  of  trade  effluent  consisting  of  greasy  and 
soapy  matters  ?— I  should  think  there  can  be  scarcely  any 
worse  sewage  in  the  country  than  the  Bradford  sewage. 
It  IS  the  headquarters  of  the  wool  combing  industry,  and 
vast  quantities  of  wool  suds,  with  the  grease  of  the  wool, 
are  discharged  into  the  sewage,  besides  other  trade  refuse, 
and  there  the  results  are  wonderfully  satisfactory,  con- 
sidering the  sewage  deailt  with.  The  method  is  simple 
precipitation  by  ferric  sulphate,  which  is  made  at  the 
sewage  works  from  refuse  procured  from  the  gas  works, 
and  afterwards  there  is  filtration  through  artificial  filters, 
and  you  will  see  the  results  are  rather  over  the  working 
standard  which  has  been  suggested,  1*4  grains  per  gaUon 
of  oxygen  absorbed  in  four  hours,  and  -17  of  albuminoid 
ammonia,  but,  considering  the  sewage  dealt  with,  I  regard 
that  as  really  wonderful.  »      ^    « 

1223.  Then  I  notice  that  the  effect  of  passim?  the 
effluent  from  precipitation  in  that  case  over  coke  breeze 

f^^^'^ffllf/rT''^''''!?^  ^  ^^P'^^®  ^*'  «  compared  with 
the  effluent  from  the  precipitation,  the  effluent  from  the 

titers  shows  an  improvement  of  about  50  per  cent.  ?— 

xes.  It  reduces  the  oxygen  absorbed  from  2*2  to  1'4,  and 

the  albuminoid  ammonia  from  -26  to  "17. 

1224.  I  take  it  that  these  filters  are  not  acting  as  mere 
mechanical  strainers,  but  that  they  are  intermittent 
filters,  aerated  filters,  and  that,  to  some  extent,  thev 
treat  biologicaUy  ?— Yes,  and  I  think,  if  I  may  sav  so,  that 
the  way  in  which  they  are  worked  might  be  very  greatly 
improved.  They  are  not  worked  quite  on  Drbdin's 
principles,  although  they  are  supposed  to  be  filters  some- 
what  on  his  Imes. 

1225.  Well,  now,  passing  to  the  Leeds  experiments.  T 
suppose  we  shall  be  able  to  get  full  details  in  regard  to 
the  Leeds  experiments  from  the  city  engineer  and  from 
Mr.  Dibdin,  shall  we  not?— Yes  ;  I  should  prefer  that 
the  information  was  laid  before  the  Oommission  bv  tlie 
Leeds  authorities. 
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Dr,  H.  M.       1226.  But  you  give  us,  on  page  35,  the  results  of  certain 

Wiium,     analyses  which  you  have  made  in  your  laboratory,  and  i 

ji.D^.8c.    ^^^^^  ^^^  jjj  ^g  second  sample  there  is  an  improvement 

14  July  1808.  over  the  first  sample,  or,  rather,  the  second  average  is  an 

improvement  on  the  first  average  ?— Yes. 

1227.  And  I  understood  you  to  say  that  that  wm  due 
to  the  change  which  had  been  made  in  having  two  nltags 
a  day  in  the  second  period,  as  compared  with  three  ffllrngs 
a  day  in  the  first  period  ?— Yes,  that  is  so,  decided^. 

1228.  But  do  you  happen  to  remember  whether  the 
results  of  your  analyses  previous  to  the  first  average  here 
referred  to  were  not  also  improved  on  the  earher  hfe  of 
the  filters  I^The  results  have  varied  very  greatly  from 
time  to  time.  At  first,  while  the  crude  sewage  was  being 
treated  on  the  filters,  the  average  would  be  somewhat 
like  the  average  for  the  April  given  in  the  table.  Then 
for  some  time  the  effluent  after  chemical  preoip^tion 
was  treated,  and  an  exceedinorlv  good  final  effluent 
was  obtaiAed.  Then  afterwards  the  filling  of  the  filter 
was  carried  out  twice  a  day  instead  of  three  times,  and 
the  effluent  again  improved  as  compared  with  the  effluent 
from  the  three  times  a  day  filling. 

1229.  Then  the  effect  of  three  fillings  a  day  with  crude 
sewage  at  Leeds  was  gradually  to  silt  up  the  beds  ? — Yes. 

1230.  They  did  not  go  on,  did  they,  untU  the  beds 
were  absolutely  silted  up,  but  until  the  capacity  had  been 
considerably  reduced  ?— Yes  ;  it  was  found  that  the  sludge 
was  not  bemg  destroyed  as  it  was  added  to  the  beds,  and 
that,  sooner  or  later,  if  the  process  went  on,  the  beds 
would  be  silted  up. 

1231.  Then  a  very  interesting  point  arises:  where  a 
biological  bed  is  silted  up,  will  it  be  necessary  to  take 
out  the  material,  and  to  refill  the  bed  with  entirely  new 
material,  or  has  your  experience  been  that  there  is  restora- 
tion by  rest?— It  has  been  the  experience  at  Leeds  on 
several  occasions  when  the  beds  have  been  rested  for  a 
fortnight  at  a  time,  that  a  large  amount  of  the  sludge  has 
disappeared  in  that  time,  and,  I  think,  one  very  instruc- 
tive fact  was  that,  during  this  period  of  rest,  the  tem- 
perature towards  the  bottom  of  the  filter  was  very  much 
increased.     The  exact  figures  I  should  prefer  that  you 

.  got  from  the  Leeds  Authority ;  I  believe  it  was  80°  at 
the  bottom  of  the  filter,  showing  the  rapid  action  that 
was  going  on  in  the  destruction  of  the  sludge,  and  the 
capacity  of  the  filter.  I  should  say  that  very  careful 
measurements  have  been  taken  fortnightly  of  the  capacity 
of  these  filters,  and  from  these  measurements  it  was 
known  that  the  filters  were  becoming  silted  up  when  the 
crude  sewage  was  put  on,  and  it  is  also  known  that,  after 
a  rest  of  a  fortnight  occasionally,  a  greatly  increased 
capacity  was  cfot, — speaking  from  memory,  I  think  as 
much  as  5,000  or  6,000  gallons  in  the  fortnight  in  the 
filter,  which  is  ^  of  an  acre  in  extent. 

1232.  Then,  so  far  as  those  experiments  have  gone,  you 
think  it  likely  that  by  rest  the  beds  may  be  restored,  and 
that,  therefore,  tiie  destruction  o!  sludge  is  a  question  of 
sufficient  area  of  beds  to  permit  some  of  them  beintr 
allowed  to  rest  the  necessary  time  ? — ^I  believe  it  is  so.  I 
think,  in  the  case  of  Leeds,  a  little  mistake  has  been 
made  in  allowing  all  the  crude  sewage  to  go  on  containing 
road  detritus  and  sand  and  cinders,^  which,  of  course, 
could  not  be  dissolved  by  bacterial  action,  and  that  some, 
at  least,  of  the  silting  up  of  the  filter  beds  is  due  to  that. 

1233.  Then  you  think  in  every  case  where  crude  sewage 
is  put  on  biologicjJ  beds,  it  is  absolutely  necessary  first 
to  have  sedimentation  of  these  mineral  matters  ? — ^I  should 
say  so,  or  otherwise  the  beds  will  be  in  time  silted  up  by 
fine  sand  or  road  detritus. 

1234.  I  believe  the  Corporation  of  Leeds  is  at  the  pre- 
sent moment  constructing  several  additional  experimental 
filter  beds  similar  to  those  which  you  have  described  to 
us  ? — Yes,  for  continuing  their  experiments. 

1235.  So  that  we  are  likely  within  the  next  few  months 
to  be  able  to  get  important  results  from  those  extended 
experimeiiits  ?--Yes  ;  and  the  experiments  are  being  very 
carefully  carried  out  at  Leeds,  with  continual  analyses 
and  observations  of  atmospheric  conditions,  and  of  the 
capacity  of  the  filters,  so  that  thev  will  be  of  extreme 
value,  I  am  quite  sure,  when  completed. 

1236.  And  you  have  told  us  that  there  are  other  small 
authorities  in  tae  West  Biding  where  experiments  are 
being  made  on  biological  lines,  but  probably  in  those  cases 
on  account  of  the  great  expenditure  necessary  for  constant 
analyses  we  shall  not  be  able  to  get  the  scientific  daita 
necessary  to  enable  us  to  judge  ? — ^I  am  afraid  not ;  not  to 
the  same  extent,  at  any  rate. 

1237.  Now  just  a  word  with  regard  to  these  analyses. 


Is  it  not  very  important  in  comparing  analyses  to  take  into 
account  tiie  crude  sewage  of  which  de  effluent  is  a  result  1 
— ^Very  important  Since  taking  the  analyses  of  sewage 
effluents  I  nave  tried  to  get  average  samples,  and,  as  in 
those  tables,  you  will  see  some  of  the  samples  are  called 
"  average  crude  sewage  "  and  "  average  effluent."  These 
average  samples  have  been  taken  over  three  hours,  in  each 
case  at  intervals  of  twelve  minutes.  A  Winchester  ouart 
is  filled  by  taking  a  sample,  an  8os.  bottleful  of  the  crude 
sewage  or  of  the  effluent  every  ten  minutes.  That  is  for 
the  purpose  of  being  able  to  judge  what  results  are  being 
obtameo.  Of  course,  for  the  purposes  of  prosecution  by 
the  Bivers  Board  the  worst  sample  would  be  the  one  that 
we  should  take — ^the  worst  that  was  being  discharged  into 
the  stream. 

1238.  What  I  meant  was  this,  that  in  comparing  the  re- 
sults of  land  filtration  we  are  comparing  rescdts  very  often 
of  the  treatment  of  mere  domestic  sewage,  of  veiy  simple 
domestic  sewage,  with  the  results  of  the  treatment  of  the 
most  complex  sewage  of  county  boroughs  ? — Quite  so,  and 
in  this  table  of  sewage  works  where  filtration  through  land 
has  been  adopted  by  far  the  majority  of  them  are  country 
places  where  there  is  only  domestic  sewage. 

1239.  The  point  I  wanted  to  get  at  was  this :  Do  you 
not  think  it  is  necessary  where  information  is  given  as  tu 
the  analysis  of  an  effluent  that  information  should  also  be 
given  as  to  the  analysis  of  the  crude  sewage  from  which  it 
results  ? — Oh,  quite  necessary. 

1240.  The  differences — for  instance,  at  Bradford  you 
have  a  crude  sewage  which  you  tell  us  can  absorb  in  four 
hours  twelve  grains  of  oxygen  per  gallon,  whereas  ordinary 
domestic  sewage  1  suppose  would  not  exhaust  much  more 
than  one  grain  ? — ^No,  sir  ;  you  see  the  others  are  about 
four. 

1241.  I  win  not  venture  in  the  presence  of  Professor 
Bamsay  to  ask  you  what  your  opinion  is  as  to  the  proper 
basis  of  anlysis,  but  I  suppose  you  think  it  very  important 
that  a  basis  should  be  settled,  so  that  the  results  in 
different  parts  of  the  country  should  be  comparable  P-l 
would  like  to  point  to  one  thing  in  illustraition  of  that  I 
have  found  in  taking  analyses  of  sewage  etnuents  which 
were  analvsed  by  ower  chemists  that  the  results  did  not 
agree,  aifd  on  inquiring  into  it  I  found  that,  whi!e  it  is  our 
practice  to  analyse  the  sewage  effluent  as  it  is  discharged  to 
tho  stream,  it  was  the  practice  of  the  other  chemist  to 
analyse  the  effluent  after  all  the  solid  matters  had  de- 
posited ;  that  is,  he  analysed  practically  what  would  have 
been  the  filtered  effluent  filtered  In  the  laboratory ;  we 
analyse  the  effluent  as  a  whole.  It  is  very  necessary  in 
comparing  sewage  analyses  to  know  whether  the  one  or  the 
other  course  is  followed.  In  that  case  we  found  that  the 
amount  of  albuminoid  ammonia  was  really  nearly  doubled 
by  taking  the  whole  effluent  for  analysiB ;  if  the  effluent 
was  filteml  before  analysis  about  half  the  amount  of  albu- 
minoid ammonia  was  got. 

1242.  Then  in  addition  to  an  uniform  basis  of  analysis 
you  think  that  we  shoidd  take  into  account  the  character 
of  the  effluent  as  to  future  possible  changes,  and  I  under- 
stood ^ou  to  say  in  answer  to  a  question  of  my  colleague 
that  biological  effluents  were  in  your  opinion  likely  to  im< 
prove,  whereas  effluents  from  chemical  precipitation  were 
likely  to  deteriorate  ?--C?ertainly,  in  many  cases  after 
chemical  precipitation,  although  the  effluent  when  dis- 
charged is  clear  and  bright,  and  looks  very  well,  it  has  a 
very  bad  effect  on  the  stream  into  which  it  is  discharged. 
There  is  an  after  re-action  takes  place,  and  unless  it  is 
diluted  with  a  very  large  volume  of  stream  water  the 
stream  sometimes  becomes  exceedingly  off'ensive.  In  the 
case  of  biological  treatment,  whether  it  is  through  land  or 
through  artificial  filters^  quite  the  opposite  is  the  case,  and 
one  often  finds  in  our  polluted  rivers  that  the  part  of  the 
channel  over  which  the  effluent  flows  is  cleaner  and  looks 
better  than  the  rest  of  the  channel  of  the  river.  I  believe 
it  is  that  the  effluent  after  biological  treatment  carries  with 
it  a  large  amount  of  the  germs  which  are  still  carrying  on 
its  purification. 

1243.  Then  in  estimating  the  amount  of  organic  matter 
left  in  an  effluent  it  would  be  unfair,  would  it,  to  take  into 
account  how  much  of  the  organic  matter  is  living  organic 
matter? — ^No.  That  is  another  thing  that  wants  to  be 
taken  into  consideration,  because  in  Uie  ordinary  process 
of  chemical  analysis  these  living  organic  matters  would  be 
reckoned  as  organic  matter  generally,  and  would  be  in- 
cluded in  the  polluting  oiganic  matter. 

1244.  Whereas  conceivably  they  might  be  elements  of 
improvement  ? — ^Yes,  quite  so. 

1245.  (Dr.  Bussell)  I  think  you  said  you  had  nine  dis- 
trict and  assistant  inspectors  with  definite  districts.  What 
qualifications  do  those  persons  have?— There  are  really 
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iojAt  districts,  and  I  haye  an  assistant  inspector  at  the 
^ce.  These  men  have  had  very  varied  training  before- 
hand. Five  of  them  have  been  sanitary  inspectors  ;  one 
is  from  a  borough  surveyor's  office,  one  had  his  training 
in  an  architect's  office,  and  one  has  been  an  insepctor 
imder  the  Fishery  Board.  The  assistant  inspector  has 
been  trained  in  our  own  office. 

1246.  And  vhat  is  the  general  detail  of  the  work  they 
do  for  you ;  are  they  simply  observers  of  what  is  going 
cn  ?— That  is  so.  They  are  supposed  to  observe  and  report 
weekly  what  is  going  on  around  them. 

1247.  8o  as  to  direct  you  when  a  personal  inquiry  may 
possibly  be  advisable  ?— Yes,  and  to  take  samples  when 
samples  are  taken. 

1248.  With  reference  to  this  interesting  biological  ex- 
periment at  Leeds,  the  marginal  note  says,  "  From  sewage 
with  trade  refuse."  I  suppose  the  importance  of  that  re- 
mark depends  upon  the  nature  of  the  trade  refuse  in 
Leeds.  What  is  the  general  nature  of  the  trade  refuse  9— 
Well,  Leeds  is  one  of  the  large  towns,  sir,  that  has  all  kinds 
of  trade  refuse.  They  say  that  a  great  deal  of  their  good 
fortune  depends  upon  having  trade  of  all  kinds  in  the 
town,  but  the  two  chief  kinds  of  liquid  trade  refuse  are 
^om  the  woollen  works  and  from  the  tanneries,  with  the 
addition  of  trade  refuse  from  one  particular  chemical  work 
which  gives  them  great  trouble  in  this  biological  treat- 
ment; it  is  an  iron  waste  liquQr,  .  •   ... 

1249.  I  suppose,  in  general,  orgamc  trade  refuse  would 
be  more  suitable  for  biological  treatment  than  chemical  ?-*- 
Oh,  certainly.  I  believe  the  worst  kinds  of  trade  refuse 
for  either  land  treatment  or  other  bioloffical  treatment 
will  be  the  acid  liquor  discharged  from  dye-works  very 
frequently,  and  this  acid  iron  liquor. 

1250.  Acidity  you  think  would  be  the  element  that 
would  likely  be  most  antagonistic  to  the  life  of  the  organ- 
isms?— ^I  believe  so. 

1251.  Would  this  biological  method  be  capable  of  deal* 
ing  with  the  contents  of  wool  suds? — ^No ;  I  believe  that 
that  is  one  of  the  kinds  of  trade  refuse  that  cannot  be  dealt 
with  by  this  new  method,  for  this  reason :  the  grease  from 
wool  suds  is  very  diffiteult  to  destroy,  and  it  would  imme- 
diately clog  up  any_  artificial  filters.  It  does  clog  up  land 
very  quicldy. 

1252.  So  that  is  an  exception  even  to  the  general  rule 
that  organic  refuse  was  most  suitable  to  biological  treat- 
ment 7---That  is  so,  but  after  the  removal  of  the  grease  the 
remaining  part  of  the  wool  suds  can  be  very  well  dealt  with 
on  biological  lines. 

1253.  Tou  give  us  some  very  interesting  examples  of  the 
abuse  of  storm  water  overflows,  and  you  said  that  the 
Local  Government  Board  in  new  schemes  were  very  careful 
to  take  exception  to  methods  which  facilitated  that  abuse  ? 
—Yes. 

1254.  Wotdd  it  not  be  of  use  to  your  Committee  if  they 
had  power  to  make  bye-laws  as  to  the  construction  and 
workmg  even  of  existing  systems,  following  the  precedent 
of  the  method  of  dealing  by  bye-law  with  trade  processes 
which  are  likely  to  be  offensive  ? — I  believe  it  would  be  of 
very  great  service  indeed.  We  do  as  it  is  get  storm  water 
overflows  altered  from  time  to  time  when  we  object  to  the 
way  in  which  they  are  used,  but  we  have  only-^very  in- 
direct power  to  do  so. 

1255.  You  can  do  a  great  deal  under  those  indirect 

?)wers  by  threatening  proceedings  upon  the  results?—^ 
es,  that  is  so. 

1256.  Then  you  also  mentioned  some  very  extra- 
ordinary  examples  of  schemes  being  sanctioned  by  the 
Local  Grovemment  Board,  and  in  the  course  of  construction 
deviated  from,  and  this  not  beins:  discovered  until  some 
time  afterwards  accidentally? — ^Yes,  that  is  often  done,  I 
am  afraid. 

1257.  Have  the  Local  Government  Board  no  system  of 
putting  the  authenticated  plans  of  the  scheme  into  the 
hands  of  somebody  who  will  supervise  the  carrying  of  them 
out  so  as  to  see  that  the  plans  are  followed? — ^No.  I 
should  like  very  much  if  the  Rivers  Board  had  a  copy  of 
any  plans  as  sanctioned  by  the  Local  Government  Board. 
We  could  then  report  to  the  Local  Government  Board 
whether  the  plans  were  adopted  or  not,  but  we  have  no 
means  of  knowing ;  we  never  see  the  plans  which  are  sanc- 
tioned unless  by  the  favour  of  the  sanitary  authority  or  of 
the  engineer  in  charge. 

1258.  Well,  however  it  is  to  be  obviated,  it  is  a  very 
anomalous  state  of  things  to  have  a  scheme  the  success  cf 
which  depends  on  detailed  structure,  carried  out  without 

supervision  and  certification  th*t  it  is  carried  out? I 

thmk  in  my  statement  I  mention  two  cases  which  were 
discovered  just  within  a  fortnight,  where  the  plans,  as 

1213. 


sanctioned  by  the  Local  Government  Board,  had  been 
materially  deviated  from,  and  the  deviation  was  only 
discovered  because  a  further  inquiry  for  an  extended 
scheme  was  proposed. 

1250.  I  specially  noted  that  illustration.  Then,  in 
instituting  proceedings  against  pollution,  you  have  dealt 
with  trades  as  a  whole,  because  you  felt  it  was  desir- 
able, so  far  as  your  area  was  concerned,  tiiat  trades  of  the 
same  nature  should  be  uniformly  dealt  with? — ^Yes. 

1260.  That,  of  course,  applies  equally  to  the  whole 
coontzy?— Oh,  certainly. 

1261.  It  would  be  desirable  that  persons  following  Lhe 
same  trades  should  be  under  the  same  rule  so  far  as  local 
circumstances  varying  would  admit  ?— Certainly ;  and  it 
is  often  a  matter  of  complaint  with  the  manufacturer  that 
ho  has  to  go  to  the  cost  of  putting  down  purification  works 
while  his  neighbour  in  some  other  part  of  the  country  has 
none  of  that  to  do  and  has  none  of  the  extra  cost. 

1262.  Then  as  to  the  admission  of  trade  refuse  into 
sewers  where  the  manufacturer  has  not  got  room  to  deal 
with  it.  I  think  you  would  express  approval  of  a  special 
rate  under  those  circumstances  ? — ^It  is  a  suggestion  really 
coming  from  the  manufacturers  themselves.  There  is  a 
large  association  of  manufacturers  in  the  Colne  and  Holme 
valleys,  a  branch  valley  of  the  Calder.  Hudderefield  is  in 
that  valley,  and  perhaps  two-thirds  of  the  manufacturers 
in  Huddersfield  are  allowed  to  discharge  their  trade  waste 
into  the  sewers;  the  other  third  are  refused  ^lermission 
to  discharge  their  trade  waste  there.  The  manufacturers 
who  are  refused  permission  naturally  feel  that  lliev  have  a. 
grievance.  Li  other  parts  of  the  valley  there  are  at 
present  no  sewage  works,  but  schemes  are  in  hand,  anc^ 
the  authorities  are  at  present  refusing  to  take  trade  waste 
into  the  sewers.  It  is  felt  bv  the  manufacturers  that, 
their  trade  waste  would  be  better  dealt  with  by  the- 
sanitary  authorities,  and  that,  if  in  any  case  a  manufac- 
turer, for  special  reasons,  could  not  drain  into  the  sewers, 
he  should  be  exceptionally  dealt  with,  but  that  those 
who  do  drain  into  the  sewers  should  pay  something 
inwards  the  extra  cost  of  treatment  of  the  sewage. 
That  seems  to  me  very  reasonable,  and  in  places  where 
the  manufacturers  generally  are  not  allowed  to  drain  into  • 
the  sewers — ^there  are  always  exceptional  cases,  where 
perhaps  the  manufacturer  cannot  easily  find  room  for 
purification,  and  if  the  river  is  to  be  purified,  it  will  bo 
necessary  for  the  sanitary  authority  to  allow  him  to  drain 
into  the  sewer  in  such  a  case.  If  an  exception  is  made  in 
his  favour,  it  is  only  reasonable  that  he  should  pay  some- 
thing towards  the  extra  cost  of  ereatment 

1263.  Yes,  it  seems  equitable.  Now,  I  have  been 
trying  to  determine  the  ultima  ratio  of  these  Bivers 
Pollution  Acts,  especially  with  regard  to  the  element  of 
health.  Of  course,  putting  aside  the  dietetic  use  of 
water,  and  the  injury  produced  when  pollution  goes  the 
length  of  stinks,  and  such  indirect  methods  of  influencing 
human  life  as  the  use  of  water  by  domestic  animals,  there 
is  hardly  any  other  way  in  which  polluted  rivers  can 
affect  health?— I  think  those  points  you  have  mentioned 
include  all  the  ways. 

1264.  Cover  the  whole  ground,  I  think.  As  &r  as  I 
can  think  it  out,  they  do  ?--Excu8e  me,  there  is  one  other 
point  which  you  have  not  mentioned,  I  think— the  use 
of  the  water  for  manufacturing  purposes,  which  is  a  very 
unportant  thmg  in  the  West  Riding. 

1265.  But  how  does  that  aflfect  health?— Oh,  it  does 
not  affect  health. 

1266.  You  have  just  gone  in  the  direction  that  my  next 
question  applies  to,  because  I  see  in  the  Acts  references- 
to  harmress"  ;  the  adjective  "harmless"  is  used  fre- 
quently  both  with  reference  to  sewage  pollution  and  manu- 
factunng  poUution.  Now  what  comes  within  the  scope 
of  that  adjective  « harmless  "—harmless  with  reference 
to  what?--I  am  afraid,  sir,  those  lecal  distinctions  I  must 
get  you  to  ask  a  lawyer  to  define,  but  I  think  it  is  held 
by  our  Board— certainly  I  should  personally  hold— that 
no  pollution  would  be  harmless  if  it  so  affected  the  water 
of  the  stream  that  it  could  not  be  used  for  mannfacturinff 
purposes.  ^ 

^hl^^'^  ^f^'n?^"^  ^}^^.  ^^  ^h  5  ^^®«  *^a*  come  within 
the  scope  at  all  ?— Certeinly,  although  some  of  our  streams 
are  never  likely  to  be  turned  into  salmon  rivers,  there 
are  others  where  the  question  of  fish  is  a  very  important 
one.  Those  nvers  to  the  North,  the  Ure,  the  Nidd,  and 
the  branches  of  the  Ouse,  are  all  good  fishing  streams, 
and  we  have  constantly  to  toke  notice  of  pollutions,  be- 
cause complaints  are  made  that  they  have  been  the  cause 
of  death  to  the  fish. 

12^.  You  probably  would  cover  the  whole  area  of 
hurt  by  those  pomts  of  health,  and  by  including  fiah  and 
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Dr.  H.  M.    the  use  of  of  the  water  for  manufacturing  piuposes  ? — I 
w'!^*'*i?L    believe  that  ia  all. 

— —  1269.  Of  course,  70U  work  under  a  special  Act,  which 

ujniyiros.  ^^^  £j.QQ^  ^Q  general  Acts,  and  has  got  some  atatutoxj 

powers  which  do  not  exist  in  the  general  Acts?  Have 
jou  discovered  any  points  in  which  you  would  suggest 
that  there  should  be  an  extension  of  your  powers  even 
beyond  the  extension  you  already  enjoy  in  your  local 
Act? — ^There  is  one  great  point — ^I  do  not  know  if  the 
Commission  would  deal  with  it — ^the  question  of  solid 
refuse  pollutions  We  have  just  had  a  case  appealed  to 
the  Queen*s  Bench,  and  a  decision  given  against  us' where 
we  took  proceedings  against  a  millowner  for  sludging  his 
milldam  into  the  stream.  I  believe  it  is  the  view  of  the 
Bourd— I  certainly  peraonally  believe  that  to  get  efficient 
purification  of  the  rivers  we  must  be  able  to  prohibit 
altogether  the  sludging  of  these  milldams.  Then  another 
point  that  I  have  already  mentioned  to-day  is  that  new 
pollutions  are  dealt  with  just  in  the  same  way  as  aid 
pollutions.  Now,  new  pollutions  should  be  dealt  with  in 
a  very  summary  way,  I  believe. 

1270.  {Chairman.)  Was  it  held  that  he  had  a  prescrip- 
tive right  to  sludge  his  milldam,  or  what? — ^It  was  quite 
a  technical  argument.  The  clause  in  our  Act  which  pro- 
hibits sludging  of  mill  dams  is  followed  by  a  clause  which 
says  that  "Any  person  who  turns  back  into  the  stream 
anything  which  has  come  from  the  stream  is  not  com- 
mitting an  offence  if  he  does  not  pollute  the  stream  or 
interfere  with  its  flow,  and  the  judgment  was  that  he 
was  turning  back  into  the  stream  what  had  been  brought 
to  him. 

1271.  Brought  to  him  from  the  stream? — Brought  to 
htm  from  the  stream.  We  contended  that  it  was  pol- 
luting and  obstructive,  but  the  Judge  held  that  it  was 

*  not*  being  from  a  miQdam  in  the  very  high  reaches  of 
the  Don,  where  as  neariy  as  possible  it  was  natural  silt 
.  carried  down  By  the  stream  in  the  course  of  nature. 

1272.  (Dr.  'Ruf^sell.)  Then,  of  course,  there  is  that 
matter  of  the  drainage  from  mines  which  you  have  men- 
tioned ? — ^That  is  another  matter  which  was  not  dealt  with 
in  our  Act. 

1273.  Have  you  seen  the  Bill  that  was  introduced 
before  the  House  this  Session  by  Sir  Francis  Powell? — 
Yes,  I  have  seen  it. 

1274.  Have  you  read  it  and  formed  any  opinion  about 
it? — ^WelU  I  think  in  those  particulars  it  does  not  go 
quite  so  far  as  our  BilL  The  question  of  dam  sludging  is 
not  dealt  with  at  all,  I  believe.  And  there  is  another 
point  still  I  should  like  to  mention,  that  in  any  new 
legislation  the  position  of  the  manufacturers  with  regard 
to  the  sanitary  authorities  should  be  definitely  set  down 
once  for  all,  and  I  should  like  to  see  a  more  easy  course 
^f  legal  proceedings  in  the  case  of  manufacturing  pollu- 
tions.    At  present  it  is  a  very  tedious  process. 

1275.  So  that  on  the  whole  there  is  imminent  need  of 
a  revisal  of  the  Rivers'  Pollution  Acts  ? — ^Yes,  I  think  sow 

1276.  (Frofessor  Bamsay.)  On  page  34  of  your  long 
•report  I  see  that  you  estimate  tbe  ammonia  albuminoid 
and  free,  and  also  the  oxygen  absorbed  in  four  hours' 
treatment.  That,  I  presume,  as  usual,  means  the  amount 
of  permanganate  taken  1 — Yes. 

1277.  Is  any  attention  paid  to  the  nitrification? — ^Yes. 
I  YiBve  just  undertaken,  in  all  those  cases  where  average 

.  samples  are  taken  as  t3ii>ical  results  of  sewage  treatment, 
to  take  the  amount  of  nitrates,  but  in  these  that  are 
before  you  nitrates  were  not  taken. 

1278.  Have  you  begun  this  method  recently? — ^Yes, 
.quite  recently. 

1279.  But  you  agree  that  it  is  a  valuable  guide,  do  you 
iiot? — Oh,  very  valuable,  yes. 

1280.  Do  you  think  it  would  be  advisable  to,  if  possible 
*I  would  like  to  ask  you  if  you  think  it  possible  to  judge 

x>f  the  decomposibility  of  water  by  finding  the  increase  of 
nitrates,  and  the  decrease  of  albuminoid  ammonia  ? — Yes  ; 
it  is  for  that  purpose,  I  think,  that  the  nitrates  are  valu- 
able, the  amount  of  nitrates  present ;  it  is  a  guide  to  how 
far  the  process  of  purification  has  gone  on. 

1281.  And,  I  think,  you  stated  in  your  reply  to  one  of 
the  other  questions  that  certain  waters  which  give 
apparently  good  results  are  really  bad,  because  after- 
wards they  pollute  the  stream,  whereas  others  which  give 
apparently  worse  results  do  not  pollute  the  stream  later 
on  1—Ye&. 

1282.  Then  some  such  test  as  showing  whether  the 
tenter  after  keening  would  develop  nitrates  would  be  a 
▼alnable  aid?— Yes,  it  would  be  rery  valuable  for  that 
purpose. 


1283.  Another  question  which  deals,  I  think,  with  page 
35  is  this :  Does  the  efficiency  of  a  filter  increase  with 
age ;  does  it  appear  as  if  a ., colony  of  bacteria  were 
increasing  or  gathering,  so  that,  after  some  months'  work- 
ing, the  filter  is  more  efficient  than  it  was  at  the  com- 
mencement?— At  the  very  commencement  the  filter  is 
not  efficient,  but  after  it  has  been  established  for  a  short 
time — say,  a  month — ^the  efficiency  does  not  increase  in 
all  cases,  it  may  diminish  or  increase  according  as  the 
filter  is  overworked  or  not,  but  in  ordinary  circumstances 
it  would  remain  as  efficient  after  the  first  month.  While 
you  are  referring  to  the  artificial  filtration,  I  think  in  aO 
those  methods  of  artificial  filtration  a  great  deal  depends 
upon  the  weather,  or,  rather,  the  temperature,  and  the 
efficiency  of  the  filters  would  depend  very  greatly  upon 
whether  the  temperature  is  high  or  the  temperature  low. 
One  reason  for  tne  results  improving  lately  at  Leeds  may 
be  that  the  temperature  has  been  higher. 

1284.  I  might  just  supplement  this  question,  and  ask : 
Would  it  be  possible  to  get  a  large  colony  of  bacteria  by 
altering  the  rate  of  filtration,  and  so  making  the  filter 
more  efficient  than  it  would  be  with  a  smaller  colony? 
Have  there  not  experiments  been  made  to  alter  the  rate 
at  which  the  intermittent  flow  is  kept  up,  with  the  object 
of  developing  colonies  of  bacteria?— I  do  not  think  I  quite 
follow,  sir. 

1286.  Well,  it  is  clear  that  if  you  wash  out  your  filter 
eontmaonsly,  if  yon  Keep  a  loxge  quantiiy  of  Iiqiiid  run- 
ning through,  you  probably  put  it  iii^o  circumstances  in 
whi«h  the  bacteria  are  not  likely  to  flourish.  On  the 
other  hand,  if  there  is  very  little  water  put  through  the 
same  thing  will  happen,  because  there  is  very  little  food 
for  them  ? — Oh,  yes. 

1286.  Is  it  possible  to  hit  a  mean  course  where  the 
filter  will  work  its  best?— It  has  really  been  with  that 
view  that  at  Leeds  the  number  of  times  of  filling  the 
filter  has  been  reduced  from  three  times  a  day  to  twice  a 
day.  It  was  felt  that  better  results  might  be  got  by 
giving  the  filter  longer  rest,  so  that  the  times  of  filling 
were  reduced. 

1287.  So  that  some  experiments  of  the  kind  have  been 
made  ? — Yes. 

1288.  Then  I  want  to  ask  about  the  possible  disposal  of 
manufacturing  refuse.  You  say  that  in  Yorkshire  the 
general  lie  of  the  country  is  steep  hillsides,  with  flat, 
rather  narrow  valleys  ? — ^Yes. 

1289.  Is  it  not  possible  to  make  use  of  the  hillsides  for 
storing  purposes  or  depositing  purposes  ?^Well,  that  is 
done,  of  course,  in  many  cases.  Advantage  is  taken  of 
old  quarries  and  waste  land  of  that  description  for  tipping 
refuse  generally.  rr-^ 

1290.  Where  it  can  be  done?— Where  it  can  be  done, 
yes. 

1291.  I  notice  you  speak  of  mismanagement  of  sewage 
works.  ''Where  chemicals  are  used  they  are  generally 
"  added  to  the  sewage  quite  by  rule  of  thumb ;  precipita- 

tion  tanks  are  only  attended  to  when  they  become  filled 
with  sludge ;  and  sewage  is  run  on  filters  and  on  plots 
of  land  until  filters  and  soil  become  impervious  and 
sewage-sick."  That,  I  fancy,  refers  to  smaU  places?— 
Yes,  I^y  "especially  in  small  districts." 

T  P^'o^J:^^  larger  towns  there  is  no  such  carelessness, 
I  fancy?— Oh,  there  is  much  more  care  given  to  the  sew- 
age works.  In  these  smafl  districts  sometimes  the 
manager  has  other  work  to  do,  and  only  fills  up  his  spare 
time  by  attending  to  the  sewage  works. 

129S.  I  suppose  the  organic  sludge,  say,  refuse  from 
tanneries,  or  from  wool  works,  ultimately  disappers  by 
feimentation?— From  tanneries  it  would  much  more 
rapidly  than  from  wool  works ;  it  would  take  a  long  time 
to  destroy  the  grease  from  wool  suds. 

^^l  ^?®'  J^"*  putting  the  grease  out  of  the  question- 
wool  fibre  ?— Oh,  yes ;  it  would  ultimately  disannear. 

1295.  It  would  disappear  quickly  ^Not  quickly,  but 
it  would  ultimately  disappear. 

1296.  Paper  does?— Paper  does  comparatively  quickly. 

1297.  And  is  anything  known  about  the  effect  of 
making  the  effluent  alkaline  or  acid  with  a  view  to  cause 
one  kind  or  another  of  the  organic  matters  to  disappear  ?— 
I  do  not  know  that  any  definite  experiments  have  been 
made  in  that  direction.  This  acid  iron  liquor  which  is 
discharged  along  with  the  domestic  sewage  at  Leeds  has 
certainly  been  found  to  interfere  with  the  biolocicil 
treatment  of  the  sewage. 

1298.  Is  it  customary  to  recover  soap  ;  is  it  usual  where 
wool  scourine  is  resorted  to  to  recover  soap  in  the  form 
of  fatty  acids?— I  shou'.d  think  probably  in  about  half  the 


MINT7TES  OF  EVIDENCE. 


75 


cases  ;  in  a  great  many  instances  at  present  the  wool 
combers  discharge  the  refuse  into  the  sewers  in  its  crude 
state  without  recovering  the  fat.  In  Bradford,  1  beUeve, 
it  is  done. 

1299.  Do  you  know  whether  it  pays  or  not? — vveil, 
lasc  year  the  Mayor  of  Bradford  gave  evidence  before  a 
Pi^rJiamentary  Committee  that  the  cost  of  putting  down 
the  plant  and  tlie  cost  of  working  was  repaia,  *.uai  he  maac 
five  per  cent,  profit  on  the  outlay  and  the  working  cost. 
But  1  should  like  to  say  that  the  method  of  working  the 
sud  plant  in  Yorkshire  is  of  the  very  crudest,  with  one  or 
two  exceptions.  The  tank  is  allowed  to  fill  with  suds,  and 
the  man  in  charge  empties  a  big  carboy  of  acid  into  the 
tank  without  any  measurement.  And  the  filtration  is 
done  in  quite  as  crude  a  way. 

1300.  I  should  have  thought  that  when  one  man 
publicly  announces  that  he  finds  it  pay,  other  people 
would  wish  to  imitate  him  ?— No.  You  must  look  at  it 
in  this  way,  sir.  It  is  a  small  detail  of  a  large  business  ; 
it  iu  not  worth  their  while  attending  to  it  properly,  putting 
down  a  special  plant  and  employing  men  6o  look  after  it 
when  the  pioftt  is  small ;  although  there  is  some  profit,  it 
is  not  worth  their  attention. 

130L  Can  you  tell  me  if  any  steps  have  benn  taken  in 
any  of  the  rivers— a  long  account  of  them  comes  at  the 
end  of  your  statement,  page  54,  and  so  on,  where  the 
trades  are  chwsified  according  to  rivers ;  that  is  to  say 
you  put  "coal  washing "—" Aire,"  and  ^^Calder,"  and 
so  on— has  any  attempt  been  made  under  such  circum- 
stances to  cause  the  manufacturers  on  the  river  to  com- 
bine and  arrange,  if  possible,  to  purify  their  own  tm^Q 
refuse?  In  many  cases,  a  manufacturer  turns  out  an 
acid  for  instance,  as  in  iron  pickling  ;  in  other  cases  he 
tains  out  praddcaDy  on  alkftli  in  soap.  Osimat  these  bt 
brought  together?  Has  any  attempt  been  made  lo  bnng 
them  together  ?— I  think  not,  sir.  The  cost  would  be  too 
great  in  laying  drains  to  convey  the  one  kind  of  refuse  to 
mix  with  the  other  from  different  mills. 

1302.  I  thought  that  would  be  your  answer,  yed?— In 
some  instences,  yes.  I  should  say  at  the  last  meeting  of 
the  Manufacturing  Pollutions  Committee  of  \.he  Board  an 
attempt  was  made  to  get  a  body  of  manufacturers  to  com- 
bine whose  mills  all  He  close  together.  Anyone  of  them 
would  perhaps  find  some  little  difficulty  m  getting  suffi- 
cient area  for  his  purification  works  although  they  alii  have 
room,  or  can  obtain  room  ;  but  if  they  were  to  combme 
together  there  is  plenty  of  room  for  a  combined  scheme, 
and  the  result  in  economy  and  in  efficiency  would  be,  I 
am  sure,  quite  worth  the  labour.  The  Board  tried  to 
persuade  those  mannfacturers — ^at  least,  did  not  try  to 
persuade  the  manufacturers,  but  pressed  them  to  consider 
whether  a  combined  scheme  could  not  be  entered  into. 

1303.  When  a  trade  effluent  is  allowed  to  go  into  the 
public  sewers,  is  the  subsequent  treatment  efficient  as  a 
rule? — ^There  are  many  sewage  works  where  trade  refuse 
is  taken  into  the  sewers  which  give  a  quite  efficient  puri- 
fication. On  tiie  other  hand,  there  are  so  many  of  the 
sewage  works  which  would  not  be  efficient  for  the  domestic 
sewage  even,  that  a  general  answer  could  not  be  given. 

1304.  But  would  it  not  be  possible  to  make  use  of  the 
sewers  so  as  to  run  the  various  trade  effluents  down 
sewers  to  some  common  settling  ground  for  the  whole  of 
the  trade  refuse  to  be  treated  altogether  ?^It  was  pro- 
posed in  the  Bill  promoted  by  Bradjford  last  year  that  all 
the  wool  combing  refuse  should  be  dealt  with  in  that  way, 
that  special  trade  sewers  shoi^d  be  constructed  for  taking 
all  the  wool  suds  to  one  centre,  and  there  recovering  the 
grease — afterwards  treating  the  effluent  after  the  recovery 
of  the  grease  with  the  sewage  of  the  borough,  but  that 
proposal  was  dropped  in  passing  the  Bill  through  Parlia- 
ment. 

1305.  Was  there  objection  on  the  part  of  the  manu- 
facturers 7 — ^I  think  the  objection  was  the  cost ;  a  special 
rate  was  to  be  levied  upon  the  manufacturers  to  pay  for 
this  trade  sewer.  If  I  am  not  mistaken,  in  Glasgow 
the  Corporation  has  the  power  of  making  special  trade 
sewers. 

1306.  Then,  coming  to  my  last  point,  viz.,  standards. 
You  say  that  circumstances  differ  so  widely  in  different 
cases  that  a  fixed  standard  is  impossible.  Would  you 
not  allow  yourself  to  be  persuaded  to  take  the  position 
which  was  originally  taken  up  by  the  alkali  inspectors,  to 
make  a  standard?  There  was  a  standard  laid  down  bv 
law  which  was  regarded  as  ideal,  but  the  alkali  inspectors 
did  not  try  to  make  the  alkali  works  conform  to  that 
standard  at  once,  but  gradually  put  pressure  on,  so  that, 
after  ten  or  twenty  years  they  do  conform  to  it.  Would 
it  not  be  as  well  in  this  case  to  lay  down  some  ideal 
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standards  which  need  not  be  hard  pressed,  which  must  be  Dr.  U.  M. 
left  very  krgely  to  the  discretion  of  the  inspectors?—  ^%^^ 
Does  it  not  then,  sir,  become  not  a  fixed  standard  ?  '  JU 

1307.  Yes,  quite  true,  but  it  becomes  an  ideal,  which  HJpiyisw. 
you  can  strive  to  attain,  and  which  ultimately  be<|ome8  a 

fixed  standard.  I  suppose  there  is  no  alkali  work  which 
sends  out  anything  Hke  the  amount  of  hydrochloric  acid 
which  is  forbidden  by  the  Act,  but  it  has  taken  a 
long  time  to  bring  that  on?— That  is  pretty  much  to  do 
what  we  have  done,  I  think — ^to  have  a  working  standard 
as  a  sort  of  test  of  purity  or  impurity  of  an  effluent ;  some 
such  standard  as  that,  I  think,  must  be  adopted  to  enable 
one  to  judge  of  the  impurity  or  purity,  but  further  than 
that  I  do  not  think  it  is  possible  to  go. 

1308.  The  process  of  analysis  is  not  so  difficult  but  that 
in  many  of  these  chemical  works  someone  might  carry  it 
out,  so  that  the  manufacturer  might  himself  be  aware 
whether  he  is  exceeding  it  or  not  ?--0h,  yes,  in  a  chemical 
works  especially,  and  in  many  of  the  other  larger  works 
in  the  wool  trade,  they  have  chemists,  or  men  with  a 
chemical  training,  there  is  no  doubt.  But  I  think  the 
chief  argument  against  a  fixed  standard,  at  least,  in 
dealing  with  trade  poUutions  4f  this  :  "  If  you  fix  a  standard 
sufficiently  low,  of  course,  it  is  not  difficult  for  manufac- 
turers to  comply  with  it,  but  if  you  fix  a  standard  suffi- 
ciently high,  a  manufacturer,  who  has  his  works  in  the 
country,  with  plenty  of  room  available,  can  construct 
works  which  will  bring  his  effluent  within  that  standard. 
A  manufacturer  who  has  works  in  the  town  no  doubt 
can  construct  the  works — ^there  is  a  possibility  of  his 
doing  so,  but  it  might  cost  him  one  hundred  times 
more  to  construct  the  necessary  works,  and  that  would 
bo  a  great  injustice  to  him. 

1300.  But  how  would  something  of  this  kind  do — ^to 
make  standards  ol  solid  matter,  suspended  matter,  and 
so  on,  high,  because  it  appears  to  be  easy  to  get  rid  Ok 
them,  and  to  confine  your  other  standards  to  what  onb 
may  call  putrescibility,  so  that  no  one  shall  drain  into  a 
stream  stuff  which  shall  subsequently  deteriorate  the 
water  ? — ^With  a  fixed  chemical  figure  for  it  ? 

1310.  With  a  fixed  chemical  figure  for  it,  if  it  were 
possible  to  fix  such  a  figure  ? — ^I  do  not  think,  sir,  yon 
would  find  it  possible.  I  should  be  glad  if  there  were  a 
fixed  standard  for  the  manufactui:ers  to  work  by,  but  I  do^ 
not  think  it  is  possible.  You  would  either  make  it  too 
low,  and  prevent  yourselves  getting  sufficient  purification - 
in  the  country  districts,  or  you  would  make  it  too  high,  so 
that  the  men  in  the  town  districts  could  not  conform  to  it. 

1311.  {Major  General  Oarev.)  Then,  would  there  be- 
any difficulty  in  making  some  Kind  of  standard  in  the  case 
of  sewage  effluent,  a  high  standard  for  solid  and  suspended 
matter,  and  a  low  standard  for  putrescibility? — ^There 
would  not  be  the  same  difficulty  in  making  the  standard, 
but  I  feel  perfectly  strongly  that,  in  the  case  of  sewage 
effluents,  it  is  not  necessary  to  have  a  fixed  standaj^, 
that  you  should  not  expect  the  same  amount  of  purifica- 
tion in  all  cases,  that  in  the  case  of  an  effluent  being  dis- 
charged into  a  large  stream,  where  it  is  many  times? 
diluted,  you  do  not  require  the  same  amount  of  purificar 
tion  as  you  should  require  when  the  effluent  is  discharged 
into  a  small  stream.  In  many  of  the  rural  distrif'ts  th*^ 
water  of  the  stream  below  is  used  for  drinking  purposes  ; 
you  must  necessarily  get  from  authorities  there  a  greater 
amount  of  purification  of  their  sewage  than  from  an 
authority  low  down  the  stream  where  the  water  is  not 
used  afterwards  except  for  manufacturing  or  navigation. 

1312.  Under  the  head  of  causes  of  failure  of  sewage 
works :  "  Even  when  very  complete  schemes  of  sewage 
"disposal  have  been  constructed,  the  efficient  treatment 
"of  the  sewage  is  often  prevented,  because  the  sanitary 
"authority,  from  motives  of  false  economy,  puts  the 
"works  under  the  charge  of  quite  an  ignorant  working 
"man,**  so  that  they  have  neglected  the  work.  That 
applies  in  a  greater  degree  in  the  case  of  bacteria  filters 
themselves  when  this  process  comes  into  general  use  ? — ^It 
does. 

1313.  And  that  has  to  be  taken  into  account  as  a  verv 
important  factor  in  judging  of  the  value  of  this  process 
for  general  application  ?— Yes,  certainly,  mismanage- 
ment of  these  bacteria  filters 

1314.  Would  be  very  injurious  indeed?— Yes,  verv 
senous.  *^ 

1315.  And,  I  put  the  question  yesterdav,  in  the  case 
where  precipitation  and  land  filtration  is  adapted  as 
ajamst  either  artificial  filtration  or  bacteria  treatment, 
the  neglec^  m  the  cases  of  bacteria  treatment  would  pro- 
bably produce  a  worse  effluent  than  in  the  former-«than 
m  the  iMd  treatment?— Yes,  in  the  case  of  land,  t):o 
land  would  be  spoilt. 

K2 


76 


BOTAL  COMMISSION  OK  SEWAGE  DISPOSAL: 


I>r.  H.  M. 

X.D.,  B.BC. 
U  July  1893. 


1316.  Yes  ?— In  the  case  of  artificial  filtration  not  only 
irould  the  filter  be  spoilt,  but  the  effluent  would  come 
through  unpurified. 

,  1317.  And  the  filter  would  ba  absolutely  unworkable 
until  the  material  had  been  renewed  or  cleansed? — ^Yea, 
or  until  it  had  had  a  sufficient  period  of  rest  for  recovering 
itself. 

1318.  With  regazd  to  your  table,  you  have  not  the 
results  of  the  sewage  treatoient  of  these  different  places  ? 

^I  did  not  like  to  put  down  definite  results  in  all  those 

cases,  because,  as  I  have  said,  the  laboratory  has  only 
been  in  operation  for  nine  months,  and  we  have  noc 
chemical  results,  but  I  can  give  you  the  general  results 
from  inspection  and  not  based  on  chemical  data  if  that  is 
any  good^— the  results  judgin{|[  from  the  effeotft. 

1319.  From  the  appearance  of  the  effluents,  you  mean  ? 

Yes,  and  the  effects  on  the  stream.     But  it  is  not  a 

scientific  thing  in  any  way ;  I  do  not  think  it  is  much 
good. 

1320.  No.  With  regard  to  the  treatment  of  sewage  on 
clay  land,  you  say  that  it  has  been  absolutely  rejected — 
that  clay  land  has  been  rejected  as  totally  unsuitable  in 
the  West  Riding  for  sewage  #ispobal  ?— No,  sir.  Perhaps 
I  may  refer  to  £ccleshill. 

1321.  Yes.  -The  authority,  therefore,  is  in  the  un- 
"  fortunate  position  of  having  spent  £26,000  upon  works 
"for  sewage  disposal,  the  rateable  value  of  the  district 
"  beint^  under  £25,000,  and  is  yet  no  nearer  the  effective 
''purification  of  its  sewage.  And,  again,  at  Hebden 
*'  Bridge,  the  works  of  sewage  disposal  were  sanctioned  in 
"  1897  by  the  Local  Government  Board ;  those  works 
**  include  the  treatment  of  sewage  by  chemical  precipita- 
^'tion  upon  some  acres  of  land,  the  subsoil  of  which  at  a 
""foot  deep  is  stiff  and  wholly  impervious  clay."  This  is 
:apparently  a  failure  ? — ^That  is  a  scheme  in  progress,  sir. 

1322.  Yes,  quite  so.  The  first,  EccleshiH,  is  apparently 
^  scheme  of  broad  irrigation? — ^Yes. 

1323.  The  statement  that  the  treatment  is  absolutely 
ineffective,  and  must  be  so  because  it  is  clay  land,  does 
not  quite  agree  with  the  conclusions  of  the  Royal  Oom- 
jnission  of  1868.     They  conducted  a  series  of  experi- 
ments, and  one,  which  I  have  casually  looked  up,  is  Nor- 

'  wood,  and  in  putting  a  series  of  results  of  analyses  of  the 
affluents,  they  say,  '*  These  results,  extending  over  an 
**  entire  year,  show  that  the  effluent  sewage  was,  except 
^'  in  a  few  instances,  so  far  deansed,  even  upon  this  heavy 
**  clay  soil,  as  to  be  admissible  into  running  water  without 
**  nuisance."  And,  I  think,  in  other  cases  they  have,  so 
far  from  rejecting  clay  land  as  unsuitable — they  look 
upon  it  as  not  as  good  as  the  other,  but  as  land  which 
couldv  produce  certain  satisfactory  results  if  properly 
managed  ? — I  think,  sir,  as  land  generally  varies,  so  day 
soil  varies.  The  clay  soil  that  we  meet  with  in  the  We»t 
Biding  is,  I  know,  so  absolutely  impervious  to  water  that 
water  will  stand  in  it  until  it  evaporates.  There  are  . 
other  clay  soils  which  do  absorb  water  to  a  certain  extent, 
do  allow  water  to  pass  through,  but  such  stiff  boulder  clay 
as  we  get  in  the  West  Riding  will  not  let  water  pass 
through  it. 

1324.  Then  we  will  pass  to  the  storm  overfiows.  Has 
the  proportion  of  the  dilution  of  sewage  with  storm  water 
been  considered  in  the  West  Riding  before  a  storm  over- 
fiow  comes  into  operation  ? — Nothing  has  been  definitely 
fixed  by  the  Rivers  Board,  but,  as  a  rule,  at  Local 
Government  Board  inquiries  of  late,  at  least,  the  storm 
water  overfiows  have  been  fixed  at  such  a  height  that  they 
only  come  into  action  when  seven  times  the  ordinary 
average  daily  flow  of  sewage  is  passing.  But  that  is  not 
ill  order  to  conform  with  any  fixed  standard  ;  it  is  a  matter 
of  agreement  reaUy  between  the  sanitary  authority  and 
the  Local  Government  Board,  often  because  a  represents^ 
tion  has  been  made  by  the  Rivers  Boaxd  at  the  inquiry. 

1325.  Has  the  Rivers  Board  any  opinion  that  the  pro- 
portion is  sufficient  or  satisfactory? — ^No,  sir  ;  the  Board 
has  not  expressed  any  opinion. 

1326.  Personally,  have  you  any  opinion  on  the  subject  7 
— WeU,  as  far  as  I  dare  give  an  opinion  upon  a  purely 
engineering  question,  I  think  this  is  a  very  reasonable 
requirement,  that  no  storm  overflow  should  begin  to  act 
until  seven  times  the  ordinary  daily  flow  is  passing.  I 
may  say  that  some  of  the  authorities  would  like  to  have 
their  storm  overflows  allowed  to  act  when  three  times  the 
f-vtrage  daily  flow — ^they  have  even  mentioned  twice 
the  average  daily  flow — ^is  passing.  But  that  is  a  flow 
which  occurs  practically  daily ;  the  maximum  flow,  I 
should  say,  is  often  three  times  the  average  daily  flow. 

1327.  And  the  first  flow  after  a  storm,  I  suppose— the 


first  flow  from  the  streets  is  exceedingly  polluted 
worse  than  the  ordinary  sewage. 

1328.  Worse  than  the  ordinary  sewage  1 — ^Yes. 

1329.  Have  any  proix>sal6  been  made  for  the  disposal 
of  sludge  which  usually  lies  in  heaps  beside  the  works ; 
have  any  attempts  been  made  in  the  West  Riding  to  press 
the  sludge? — ^Yes. 

1330.  To  pack  and  sell  and  dispose  of  it? — ^In  several 
cases.  In  the  case  of  Huddersfield  they  have  sludge 
presses,  and  those,  I  believe,  they  are  now  using ;  they 
only  lately  began  to  use  them  afresh.  In  the  case  of 
Bradford,  I  know  that  in  connection  wth  tlte-ir  new 
scheme  they  are  oonsiderimr  the  purcliase  of  sludge 
presses,  and  have  been  ti>  visit  various  places  where 
sludge  presses  are  in  use.  But  they  are  not  the  rule  in 
the  Riding. 

1331.  And,  of  course,  if  the  sludge  is  not  pressed,  and 
if  it  is  kept  in  heaps  near  the  works,  it  really  creates  a 
most  tremendous  nuisance? — ^Yes,  sometimes  a  very 
serious  nuisance.  The  difficulty  really  is  that,  even  after 
it  is  pressed,  they  cannot  get  rid  of  it. 

1332.  They  cannot  sell  it? — ^They  cannot  sell  it.  f 

1333.  The  farmers  will  not  take  it  ? — No,  as  a  rule,  not 
In  some  cases,  in  the  smaller  districts  and  in  the  rural 
districts,  they  do  get  rid  of  it  to  tho  farmers,  but  in  the 
populous  parts  on  the  Aire  and  Galder,  the  farmers  will 
not  take  it,  or  only  take  it  veiy  irregularly,  and  at  certain 
times  of  the  year. 

1334.  With  regard  to  the  admission  of  trade  refuse  into 
the  sewers  of  a  district,  in  the  case  of  Otley  and  Burley 
you  say,  "  The  soil  of  ^e  sewage  farm  is  deep  alluvium, 
*•  specially  suitable  for  purification  of  sewage,  and  these 
'*  and  other  similar  instwices,  go  to  prove  that  land  treat- 
'' meat  is  not  adapted  for  the  disposal  of  sewage  mixed' 
"with  trade  wastes,  unless  by  previous  chemical  treat- 
"  ment  the  deleterious  matters  are  removed  from  the 
**  sewage."  Of  course,  tmder  such  circumstances,  it  be- 
comes exceedingly  difficult  for  a  sanitary  authority  to 
consent  to  the  admission  of  trade  refuse  into  their  system 
of  sewers  unless  they  can  have  a  moderate  certainty  of 
being  able  to  deal  with  it  Their  scheme  may  be  ruined 
after  having  spent  a  very  large  sum  over  it ;  their  whole 
scheme  may  be  ruined— by  the  admission  erf  this  trade 
lefuse  into  their  sewers? — Quite  so,  yes;  there  is, 
of  course,  a  large  number  of  authorities  m  the  Biding  at 
present  who  are  considering  larger  schemes  of  sewaci^e 
disposal  or  improvement  schemes  of  present  works.  la 
those  cases  it  is  open  to  them  to  state  definitely  whether 
they  have  this  trade  refuse  to  deal  with  or  not,  and  if  they 
a.-e  going  to  deal  with  it,  then  to  make  their  works  accord- 
ingly  large. 

1335.  But,  I  suppose,  even  then  it  would  not  be  at  all 
a  certainty  that  they  could  deal  with  it,  however  large, 
unless  it  was  conducted  separately  to  the  works,  and 
then  treated  with  the  sewage  effluent?— I  think,  if  some 
such  preliminary  conditions  as  are  imposed  in  the  case 
of  Keigliley  were  imposed, upon  alLjnanufactur^rs  bef<tfe* 
they  discharged  their  refuse  into  the  sewers,  there  would 
be  no  difficulty  in  dealing  with  the  mixture. 

1336.  No  matter  what  kind  the  refuse  was  3^--With  the 
one  exception,  that  acid  effluents  might  interfere  witii 
any  biological  treatment,  it  would  not  be  difficult  to 
deal  with  the  combined  sewage,  if  some  form  of  chemical 
treatment  was  adopted,  followed  by  filtration,  because 
the  chemicals  could  be  adapted  to  deal  with  anything 
objectionable  in  the  mixed  sewage. 

1337.  And,  I  understand,  that  at  Leeds  in  those  experi- 
ments that  have  been  made  with  biological  filters,  that 
sewage  is  mixed  with  trade  refuse ;  it  is  not  a  domestic 
sewage  ? — ^No ;  there  is  a  large  amount  of  trade  refuse 
mixed  with  it. 

1338.  Trade  refuse  of  different  kinds?— Of  all  kinds. 

1339.  And  you  say,  with  satisfactory  results  as  far  as 
you  know? — ^Yes.  I  should  say  the  results  were  satis- 
factory ;  they  just  barely  conform  to  that  workinj?  stan- 
dard, but  they  are  generally  just  about  that  mark.  I 
should  be,  I  think,  quite  contented  if  the  whole  of  the 
sewage  of  Leeds  were  turned  out  in  the  same  state  of 
purity.  I  should  perhaps  say,  that  in  the  effluent^-in 
this  crude  effluent  from  Leeds  that  is  unmixed  witb  a^^v 
rivei  water,  fish  have  been  kept  for  the  last  six  months, 
the  same  fish  have  lived  for  the  last  six  months,  and  some 
of  them,  at  least,  are  fat  and  well  to-day. 

1340.  That  is  in  the  effluent  ?— That  is  in  the  effluent 
alone. 

1341.  In  the  bacterial  filter? — In  the  effluent  alone, 
without  any  dilution,  even  although  at  times  the  effluent 
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•conUina  more  suspended  solids  than  we  would  like.  % 
belieTe  tixst  *  great  deal  of  the  suspended  solids  in  the 
«filuent  ftt  Leeds  is  due  to  this,  acid  iron  liquor.  The 
iron  seems  to  pass  through  the  filters,  and  become  preci- 
pitated afterwards  in  that  effluent  after  oxidation. 

1342.  (Sir  Bichard  Thome,)  I  had  not  the  advantage, 
Dr.  Wilson,  of  hearing  your  evidence  in  chief  to-day,  so 
that  I  am  not  able  to  ask  many  questions,  and  I  may 
possibly  ask  you  some  that  you  have  already  answered. 
May  I  ask  you  whether  your  opinion  as  to  the  failure  of 
broad  irrigation  in  your  water  board  area  is  mainly  due 
to  the  quality  of  the  land  or  to  the  trade  refuse  w^ich  is 
mixed  with  the  sewage? — ^As  a  rule,  broad  irrigation  is 
fairly  successful  in  the  Riding,  because  it  has  usually 
betn  adopted  in  quite  rural  districts,  where  the  refuse  is 
purely  domestic.  In  the  places  where  it  has  failed,  it 
lias  been  due  chiefly  to  the  nature  of  the  land. 

1343.  Now,  speaking  quite  generally,  and  excluding 
ior  the  moment  the  acid  refuse  from  the  iron  works, 
could  you  mention  any  one  system  of  sewage  disposal 
▼hich,  in  your  opinion,  is  best  calculated  to  deal  with 
^combined  domestic  sewage  and  trade  refuse? — ^I  think 
the  best  system  for  such  trade  refuse  is  one  in  which 
Hshemical  precipitation  is  followed  by  land  filtration  if 
the  land  is  suitable  and  of  sufficient  area,  because,  by  the 
•chemical  precipitation,  you  can  get  rid  of  any  deleterious 
matter  which  would  interfere  with  the  treatment  of  the 
effluent  throut?h  the  land,  but  by  that  treatment  you  still 
bave  the  sludge  difficulty  to  contend  with. 

1344.  Then  is  there  any  one  of  the  systems  which  is,  in 
your  opinion,  less  adapted  to  deal  with  trade  refuse  when 
•combined  with  domestic  sewage  than  another? — ^Wefl,  I 
am  strongly  of  the  opinion  that  land  treatment  alone  is 
not  suited  for  dealing  with  combined  sewage  of  that  kind, 
imless  at  the  mills  all  the  deleterious  matter  has  been 
taken  out,  as  is  the  case,  for  instance,  at  Keighley. 

1345.  Now,  with  regard  to  the  septic  process  and  bio- 
logical filters,  have  you  at  all  thought  of  the  question  as 
to  the  opportunities  which  might  be  afforded  in  them  for 
the  multiplication  of  specific  microbes,  which  would  then 
go  out  in  increased  abundance  with  the  effluent?— That  is 
a  question,  I  think,  that  wants  to  be  decided  before  these 
systems  are  generally  adopted. 

1346.  You  have  no  opinion  upon  it  yourself  ? — ^No  ;  I 
have  no  evidence  to  offer  upon  that. 

13474  I  suppose  you  would  accept  the  view  that  the- 
cholera  organism^  for  instance,  is  fairly  soon  drowned  out. 
in  water  or.sewage,  but  if  it  can  get  the  advantage  of 
floating,, in  4k  river  on  a^minute  portimii  of  organk-matten 
tlie  means  of  its  livelihood  are  afforded  to  it,  and- it  multi^ 
plies? — ^Yea,  certainly. 

1248»  Now,  do  those  conditions  in  any  way  correspond 
with  those  obtained  in  the  biological  filter?— If  the  im- 
menae  number  of  other  germs  in  the  biological  filter  did 
not  kill  the  cholera  organisms,  there  would  be  the  oppor- 
tunity for  them  passing  through  the  filter ;  there  is  nothing 
to  prevent  them  ;  a  filter  is  not  so  fine  in  its  pores  as  to 
prevent  any  disease  germs  passing  through  it 

1340.  Of  course  not ;  but  I  was  rather  thinking  of  the 
opportunity  of  multiplication  which  this  organism  might 
get,  wliich  might  enable  it  to  over-ride  opposing  organisms 
by  means  of  the  amount  which  it  has  attained  ? — ^I  think 
that  is  one  question  that  wants  to  be  decided — ^whether 
the  opposing  organisms  would  not  altogether  destroy  the 
disease  germs. 

1350.  Tou  made  a  remark  as  to  the  relation  of  sanitary 
authorities  to  manufacturers  needing  revision.  Had 
that  reference  to  the  admission  into  the  public  sewers  of 
trade  refuse  ? — ^Tes. 

1351.  May  I  take  it  that,  if  the  biological  filter  ftiethod 
mcreases,  there  would  have  to  be  still  greater  severity 
exercised  as  regards  the  admission  of  trade  refuse  into 
sewers  than  before  ?— No,  sir,  I  do  not  think  so,  if  suffi- 
cient conditions  were  laid  down  by  the  sanitary  authority 
for  the  treatment  of  the  trade  refuse  before  it  is  admitted 
to  the  sewers. 

1352.  Then  you  think  that  there  will  necessarily  have 
to  be  some  chemical  treatment  ?— No  chemical  treatment 
in  the  ease  of  some  kinds  of  trade  refuse ;  certainly,  in 
the  case  of  the  wool  suds  I  have  mentioned  chem'ical 
treatment  is  necessary  to  remove  the  grease  ;  in  the  case 
of  tanyard  refuse  no  chemical  treatment  will  be  necessary. 

1363.  No,  I  suppose  not?— In  the  case  of  any  very  acid 
^uent,  probably  some  form  of  treatment  for  neutralisinff 
^cid  would  be  necessary.  ^ 

1213. 


1354,  Thi^  you  think  that  the  adoption  of  biological  Dr,B.m 
methods  would  not  really  increase  that  difficulty  at  alii—     ^<lM>f». 
I  do  not  think  so  under  proper  precautions.  u.i>^»^c. 

1366.  Now  you  were  asked  a  question  by  Dr.  Bussell  "^^ 
which  bore  upon  the  supervision  of  local  authorities  to  see 
whether  they  carried  out  their  systems  of  sewage  disposal 
according  to  the  terms  on  which  they  received  their  loans, 
and  which  bore  also  upon  the  future  management  of  those 
schemes  ? — Yes. 

1366.  I  should  like  to  ask  you,  can  you  conceive  of  any 
system  under  which  that  could  be  carried  out  by  thd 
tuiitral  aut&ority,  say,  the  Local  Government  Board  of 
ijiiH  country? — ^No,  unless  the  inspectors  were  to  veariy 
or  periodically  visit  all  thos?  sewage  works,  it  could  not 
be  done. 

1357.  Even  a  yearly  visit  would  be  a  very,  very  occa- 
sional surprise  visit,  I  suppose  ?— Yes. 

1358. ^Nothing  more? — ^Nothing  more. 

1369.  Would  that  really  do  much  towards  securing  a 
proper  method  of  sewage  disposal  ?— It  would  not  secure 
the  nianagemcnt  of  sewage  works,  but  it  would  secure 
That  the  schemes  as  sanctioned  by  the  Local  Government 
Board  were  carried  out. 

1360.  It  might  do  that?— And  that  is  really  what  is 
wanted.  The  supervision  of  the  sewage  works  alter 
they  are  constructed  may,  I  think,  safely  be  left  to  the 
local  authorities,  but  they  are  not  able,  for  want  of  infor- 
mation, to  see  that  the  scheme  as  sanctioned  by  the 
central  authority  is  carried  out. 

1361.  But  I  suppose  that  if,  for  example,  a  Board  like 
yours  knew  what  schemes  had  been  sanctioned,  and  the 
terms  of  those  schemes,  the  supervision  you  refer  to  couM 
very  much  better  be  carried  out  locallv  than  even  by  a 
central  authority,  could  it  not  ?— I  should  not  like  to  st.eak 
defin^ely  as  to  that.  What  I  had  in  my  mind  was  that 
the  Kivers  Board  would  communicate  with  the  local 
authority  that  their  scheme  as  sanctioned  had  not  been 
carried  out,  and  that  if  we  found  the  sanitary  autlioiity 
be<»use  they  have  not  carried  out  this  schema,  still  pol- 
luting the  river,  then  we  would  have  good  ^rotind  j  f.-r 
taking  proceedings  against  them,  and  it  would  be  strong 
evidence  in  our  favour. 

1362.  But,  apart  from  that,  what  could  the  Local 
Government  Board  do?— Well,  I  beHeve,  sir,  the  pnly 
thihg  they  can  do  is  to  refuse  future  loans. 

1363.  Quite  so;  but  they  can  do  that  without  makhig 
the  annual  visit,  because,  when  the  Inspector  goes  dowii 
about  the  new  loan,  he  would  generally  see  that  the  former 
scheme  has  not  been  property  carried  out  /— Porhaps  that 
IS  the  only  way  in  which  they  can  act 

1364.  I  have  only  one  other  question  to  ask  you,  and  it 
relates  to  standards.  I  am  very  much  impressed  by  the 
fact  that  all  the  scientific  experts  we  have  had  before  us 
have  objected  to  standards,  and  yet,  like  yourself,  they 
have  all  adopted  standards.  Canr  vou  explain  the  appa^  er  t 
anomaly  m  any  way?— Well,  air,  it  is  nuito  iie:e.ssarv 
if  you  are  gomjr  to  express  any  opmion  ut  ali  ns  to  th» 
punty  or  impunty  of  an  effluent,  you  mu^st  hi>e  soxn  ^  kind 
of  stendard  to  judge  it  by,  but  it  aeed  ui)t  bo  a  icLai 
standard  to  which  every  effluent  must  coafoiin. 

136L  No,  but  does  not  your  standard  become  a  leiral 
standard  from  this  point  of  view,  that  you  only  take  pro- 
ceedings a^mst  people  on  the  basis  of  the  standard  that 
H?ff..rf%i^?'''^!*^  to  adopt ?-Yes,   but  that  is  a  ^^w 

a  mS«  ^^  ^'''°'  ^^^"^  *  ^««*"y  »^«^*ed  standard. 
Supposmg  m  every  case  where  a  sanitary  authority 
did  not  turn  out  the  effluent  from  its  sewage  works  in 
™Tf-^  "^1^  our  working  standard,  they  were  thereby 

m^^f^  *  ^^^*^  ^??'''''  ^^^  ^^^^^  ^«  *  ^e^  different 
ft^.^Z  ^"'  <'S^^^oTilj,  that  they  were  polluting 

twT^  ^"^"^  ^'J^'^  ^^  °^*  conform  to  the  standard 
which  we  have  adopted  as  a  working  standard.     The  leKal 
adoption  of  the  standard  makes  all  the  difference 
1366.  The  point  reaUy  is  that  your  Board  do  not  act 

^.Z^^^^  ^u  ^''^  ""^J^  '^^^  *  <^«rtain  standarf  is 
exceeded  ;  therefore  there  is  no  action  to  prevent  the  po^ 

ifwl*  stream  miless  a  certain  standarcf  which  vo^  ^nd 
others  have  adopted  is  passed.  Is  that  not  so  ?-I  do  not 
say  even  that.  In  the  case  of  the  Bradford  Sandv  Lane 
sewage  worhj,  although  that  effluent  practically  coVifo^s 
to  this  working  standard,  we  should  have  put  preaswe 
X?n^!i  *"*^^"^,^ i^P'ove  their  sewage  worl^C 
they  not  done  so  of  their  own  accord,  because  the  effluent 
was  causing  marked  pollution  in  the  stream  even  althouirii 
at  the  time-twice  I  believe  we  have  taken  samples  of  the 
effluent-we  have  found  it  conforming  to  this  stond^rf  or 
nearly  so. 
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l>r.M.M.       1367.  {Professor   Bamsay.)  But  is  not  that  an  argu- 

ji  D^'Tsc.  ^^^^  ^  favour  of  a  different  kind  of  standard,  the  one  1 

'  J!LJ       was  susgestiug,  which  takes  account  of  subsequent  putre- 

UJvJtjiBM  factionl—Oh,  I  strongly  believe  that  if  you  are  going 

to  have  a  standard  it  cannot  be  a  standard  based  only  upon 

the  albuminoid  ammonia  and  the  oxygen  absorbed  ;  it 

must  be  a  standard  showing  the  amount  of  purification  as 

judged  from  the  nitrates,  and  especially  the  effect  of  the 

effluent  upon  the  stream. 

1368.  (Mr.  KiUick.)  I  suppose  it  is  the  case  that  if  you 
decide  to  prosecute  an  authority  or  a  manufacturer  yon 
take  other  analyses  besides  the  oxygen  absorbed  and  the 
albuminoid  ammonia? — Oh,  yes. 

1360.  And  that  is  the  case  also  in  the  watershed  of  the 
Mersey  and  Irwell? — Yes. 

1370.  These  so-called  standards  are  notes  for  classi- 
cation  of  the  effluents? — ^It  is  impossible  in  all  the 
analyses  we  take  to  go  through  a  complete  analysis  of  the 


effluents,  and  we  take  those  as  being  tike  best  ffLiide  to  th»- 
fact  of  pollution  or  not. 

1371:  If  you  came  to  the  Court  you  would  have  the 
analyses  mentioned  by  Professor  Bamsay  also  taken? — 
Yes. 

1372.  (Sir  Eichard  Thome.)  How  many  years  did  Dr. 
Whiteleg^e  hold  the  position  that  you  hold  in  the  West- 
Biding  district  with  regard  to  rivers  ? — ^He  of  course  wafr. 
appointed  medical  officer  of  the  County  Council,  1  should 
think,  in  1889  ;  it  was  very  soon  after  the  constitution 
of  the  Countv  Council. 

1373.  Did  he  not  at  once  begin  taking  up  the  qaestion* 
of  river  pollution? — ^Yes,  very  shortly. 

1374.  Should  I  be  ri^ht  in  assuming  that  in  all  probai- 
bility  he  has  information  that  might  be  useful  to  this 
Commission  although  he  is  no  longer  officially  connected 
with  the  Board  ?— I  am  sure  he  has  ;  he  has,  if  anyone- 
has,  information  as  to  the  state  of  matters  when  th& 
Countj"^  Councils  were  constituted  in  the  West  Biding- 
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1375.  (Chairman.)  Dr.  Thomson,  jou  are,  I  think,  an 
inepeotor  of  the  Local  Goyernment  Board  ^--Tes. 

1376.  You  haye  made  inquiry  on  behalf  of  the  Looal 
Goyernment  Board  as  to  the  "  S^tic  tank "  system  ol 
sewage  disposal  at  £xeter? — ^Yes,  in  association  with 
General  Crozier,  on  two  occasions;  first,  informally,  on 
May  26th  and  27tli,  1897  ;  and  again,  formally,  on  Noyem- 
ber  23rd  to  27th,  1897. 

1377.  The  eysfcem  had  been  in  opeiaikion  in  experimenifaal 
fonn,  had  vt  not,  for  some  time  prior  to  your  first  yisit  ? — 
EzperioQ^t  was  begun  on  a  smsdl  scale  on  April  5th,  1895, 
and  ooiutinued  throughout  that  year.  Largeir  works  were 
reeonted  to  in  January,  1896  ;  and  on  July  2L9t,  1896,  still 
laiiger  works  were  brougiii  into  use.  These  laat  were  the 
works  into  whose  working  I  make  inyestdgation ;  they 
had  continued  in  use,  I  was  informed,  without  inter- 
mission up  to  the  dates  of  my  inquiries. 

1378.  Wh»t  portion  of  the  Exeter  sewage  was  dealt  with 
in  these  works  ? — They  dealt  with  the  sewage  of  the  St. 
Leonard's  district  of  Exeter,  with  a  population  estimated 
at  about  1,500  persons.  There  are  no  manufactories  In 
this  part  of  Exeter,  so  that  the  sewage  is  entirely  of  a 
domestic  character.  The  sewer  from  tihe  St.  Leonard's 
district  is  18  inches  in  diameter,  and  its  daily  flow  after 
a  period  of  drought  in  1896  was  found  to  be  35,000  gaUons. 
the  yariaidons  in  flow  being  from  81,000  gallons  ob  10.30 
a.m.  to  500  gallons  at  midnight.  Sewage  from  this  sewer 
was  conyeyed  to  the  experimental  works  by  a  6in.  pipe, 
134  yards  long,  a  temporary  weir  being  placed  aoroes  the 
St.  Leonard's  sower  just  below  the  point  at  which  this 
6in.  pipe  left  it.  The  maximum  amount  of  sewage  flow- 
ing through  this  6in.  pipe  has  been  gauged  at  122,000 
gallons  in  24  hours  ;  and  when  sewage  was  passing  along 
tiie  St.  Leonard's  sewer  in  excess  of  what  the  6ui.  pipe 
could  take,  this  surplus  sewage  passed  over  the  weir  in  the 
^ewer  and  was  discharged  at  tihe  St.  Leooard's  outMl  into 
the  riyer  Exe.  The  ayerage  amount  of  sewage  treoted  at 
the  experimental  works  up  to  my  first  yisit,  in  May,  1897, 
had  been  55,000  gallons  per  day. 

1379.  Will  you  describe  the  works? — The  works  con- 
sirt  of  a  tank,  termed  the  ''sept'c  tank,"  and  fiye  filte** 
beds.     The  tank  is  built  of  cement  concrete,  and  is  arched 


oyer.  It  is  64ft  lOin.  long  and  18ft.  wide,  witfi  a  capocii^ 
of  53,800  gaMons.  At  the  end  where  sowoge  eutem  iheiv 
are  two  ''grit  chambers"  diyided  off  from  the  rest  of  the 
tank  by  a  partition  wall.  Tiie  sewage  enters  one  or  other 
of  these  two  g^t  onambers  by  a  6In.  pipe  at  a  point  about 
5!fiL  from  lihe  bottom  of  the  chamber.  Each  grit  ohombsr 
is  8fit.  6in.  by  7ft,  and  is  10ft  deep  from  the  wwter  lime. 
In  the  zoof  of  each  grit  chamber  there  is  a  msmhole 
with  an  lUr  tight  oorer  through  which  the  cham* 
ber  can  be  cleaned  out  From  the  grit  chamber 
sewage  flows  oyer  the  diyiding  wall  into  the  other  and 
main  portion  of  the  tank.  This  main  portion  of  the  tank 
has  a  depth  of  7ft.  to  7ft.  9ins.  from  the  water  line.  lo 
its  roof  are  a  manhole  with  an  air-tight  coyer,  and  smollez 
holes,  ordinarily  kept  closed,  for  the  taking  of  samples  of 
the  tank  contents.  There  is  also  an  inspection  chamber 
about  tlie  centre  of  the  tank,  from  which  the  interior  dt 
the  tank  may  be  obseryed.  The  outlet  from  the  tank  is 
at  the  opposite  end  from  the  grit-chambers,  and  consists 
of  an  iron  pipe  16^ins.  below  the  water  line.  From  this 
outlet  the  effluent  from  the  tank  flows  into  a  gauge 
chamber  ;  thence  to  an  iron  trough  termed  the  "  aerator," 
oyer  the  sides  of  which  it  falls  into  channels  conyeying. 
it  to  distributing  chambers,  whence  it  passes  to  one  or 
other  of  the  filter  beds.  Each  filter  bed  has  a  superficial 
area  of*  eighty  square  vards,  and  is  5ft.  deep.  At  tiie 
bottom  3in.  agricultural  tile  drains  are  laid,  surrounded  by 
a  bin.  layer  of  riyer  ballast  In  four  of  the  fiye  filters  4ft 
6in.  of  furnace  clinker,  broken  to  a  size  to  pass  a  ^in. 
sieye,  and  be  retained  by  a  ^in.  sieye,  is  laid  on  top  of 
the  ballast ;  in  the  fifth  filter  4ft  6in.  of  coke-breeze,  of 
rather  coaiser  size,  is  empHoyed.  The  original  capacity 
of  each  filter  is  about  11,000  gallons.  With  dry  weather 
flow,  each  filter  bed  takes,  it  is  estimated,  about  four 
hours  to  fill,  but  during  wet  weatiier,  when  the  flow  from 
the  septic  tank  is  greater,  this  may  be  considerably  re- 
duced. Each  filter,  after  being  filled,  stands  full  during 
the  time  it  takes  to  fill  the  one  to  which  the  tank  effluent 
has  been  diyerted  from  it :  a  period,  therefore,  during  dry 
weather  flow,  of  about  four  houn.  As  soon  as  its  suc- 
cessor is  full  it  begins  to  discharge  ;  and  it  is  not  again 
brought  into  use  until  the  third  and  fourth  filters  haye, 
in  their  turn,  been  filled.     Only  four  filters  are  used-  at 
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»ihe  same  time ;  the  fifth  standing  out.  So  that  in  diy 
weather  a  filt<)r  bed  is  hUing  during  four  hours  ;  remains 
iuU  during  four  houiB ;  and  rests  eight  hours.  When  a 
inter  bed  is  discharging  its  contents,  about  60  per  cent, 
^f  the  whole  amount,  it  is  esthnated,  passes  out  in  the 
lirst  twenty  minutes  ;  the  flow  decreasing  rapiajy  as  .« 
empties.  There  is  a  slow  dribble  from  the  filter,  how- 
«ver,  long  after  the  bulk  of  the  contents  has  been  dis- 
<charged. 

1380.  Will  you  tell  us  how  it  is  claimed  that  purifica- 
tion of  sewage  is  brought  about  in  these  works? — It  is 
claimed  that  two  different  processes  take  place  in  the 
«cptic  tank  and  in  the  filter  beds  respectively,  both  tend- 
ing to  purification  of  the  sewage.  The  sewage,  in  the 
first  instance,  enters  one  of  the  grit-tanks,  and  there 
t&nrh  heavy  material  as  road-detrituR  sinkd  to  the  bottom 
«of  the  chamber.  On  the  occasion  of  my  visit  in  May, 
1807,  the  depth  of  deposit  in  both  these  gritrchambers  was 
about  21  inches  ;  in  November  it  was  17  inches  in  one 
of  the  grit-chambers,  and  24  inches  in  tha  other.  From 
.the  grit-chamber  the  sewage  passes  into  the  remaining 
and  chief  portion  of  the  tank.  On  inspection  the  contents 
•of  the  tank  may  be  observed  to  consist  of  a  scum,  lying 
on  the  surface,  some  three  or  four  inches  thick,  and  com- 
:posed  of  black  material  with  an  offensive  odour.  Below 
this  scum  comes  a  layer  of  liquid,  several  feet  in  depth, 
•containing  a  good  deal  of  matter  in  suspension.    Beneath 

this  comes  a  layer  of  black  matter  covering  the  bottom 
^>f  the  tank.  This  layer  in  May,  1897,  ranged  from  ten 
.i»  thirteen  inches  in  depth  ;  while  in  November  it  averaged 

about  twenty-three  inches  in  depth. 

1381.  May  I  just  ask  you  then,  do  you  know  tor  how 
iong  it  had  been  in  use  before  May,  1897  ?— It  was  sixteen 
anonths  up  to  November  ;  ten  months  up  to  May. 

1382.  In  the  first  ten  months  it  accumulated  from 
ten  inches  to  thirteen  inches,  and  in  the  following  six 
nonths-— did  you  say,  sixteen  months  up  to  November? 
— Sixteen  months  up  to  November. 

1383.  So  that  in  the  first  ten  months  it  accumulated 
from  lOin.  to  13in.,  and  in  the  next  sdx  months  about  lOin. 
more  ? — Yes  ;  that  iis  so.  It  was  stated  at  tihe  inquiry  in 
November  that  tne  tank  had  not  been  cleaned  out  at  any 
time  since  its  coming  into  use.  In  the  space  between  the 
-surface  of  ^e  tank  contents  and  the  arched  roof  gaees 
aocumulaite.  This  is  shown  by  the  removal  of  a  cap  from 
«  wireKX)Teired  pipe  oommunicaidng  with  this  space  and 
Applying  a  light  to  the  outer  extremity  of  tihe  pipe,  the 
iasmng  gases  bunuing  with  a  pale  blue  flame.  The 
•changes  whioh  are  brought  about  by  sojourn  of  sewage 
in  the  iank  are  said  to  consist  mainly  of  conversion  of  i>art 
of  the  aolrldfl  in  suspension  into  solids  in  solution,  and  of 
the  breaking  down  of  complex  organic  compounds  into 
simpler  compounds.    As  a  result  of  changes  in  the  tank, 

the  sludge  cLfficulty  is,  it  is  claimed,  got  rid  of,  since  the 
necessity  for  precipitation  of  suspended  solids  is  avoided  ; 
And  the  offensive  matters  in  sewage  are  brought  into  a 
conditioii  that  renders  them  more  easily  dealt  with  in  the 
next  stage  of  the  process.  These  changes  are  attributed 
to  the  action^  mainly,  of  what  are  known  as  "  anaerobic  " 
micio-oi^nisms — ^nucro-arganisms,  that  is  to  say,  that 
need  no  atmospheric  oxygen,  and  that  find,  accordingly,  a 
suitable  medium  in  the  "  septic  tank,"  to  whioh  very  little 
oxygen  is  believed  to  ^ain  access.  The  evidence  brought 
forward  at  the  formal  inquiry  regarding  the  action  of  the 
tank  consisted  mainly  of  chemioaf  analyses  of  the  composi- 
tion of  the  effluent  from  the  septic  tank  ;  of  bacteriological 
examinations  of  the  tank  oomtents  and  tank  effluent^  and 
of  oomparison  of  the  amount  of  solids  that  had  acoumu- 
kted  in  the  tank  with  the  amount  that  had  entered  in 
the  sewage,  the  proportion  of  the  former  to  the  latter 
being  estimated  as  small.  The  effluent  that  leaves  the 
tank  is  passed  through  one  of  tihe  filter  beds,  and  the  main 
changes  that  than  take  place  are  stated  to  consist  of 
deerease  of  solids  in  soiution,  decrease  of  ofiganic  matter, 
and  tihe  focmstion  of  hanuless  mineral  oomxxxmds  in  the 
fcrnn  of  nitrates.  These  ohimges  are  attributed  to  the 
aetioa  of  micro-oiig^anisms  in  the  filter  beds ;  but  these 
organisms,  unlike  those  in  the  septic  tank,  need  atmo- 
spheric oxygen,  and  are  therefore  known  as  aerobes. 

1384.  Will  you  describe  the  sort  of  effluent  obtained 
by  treatment  of  sewage  in  the  "septic  tank"  and  in  the 
filter  beds? — ^The  effluent  from  the  septic  tank  contains 
in  suspension  a  considerable  amount  of  miely-divided  black 
matter,  and  emits  a  distinct  odour  of  an  offensive  charac- 
ter. The  chemical  evidence  at  the  public  inquiry  was  to 
the  effect  that  purification  of  the  sewage  had  occurred  in 
the  tank  in  a  degree  varying  from  25  to  63  per  cent,  ju^- 
ing  by  amount  of  oxygen  absorbed,  and  of  17  to  55  per 
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cent.,  judging  by  reduction  in  the  amount  of  albuminoid      or,  p. 
ammonia.     The  effluent  from  the  filter  beds  varies  in    Thonuo% 
appearance  and  character  according  to  the  length  of  time       ^^* 
after  the  filter  has  begun  to  discnai^e.     Samples  taken  27Jui7U06. 
when   the   filter    is   discharging  rapidly  usually  have  a 
slightly  opalescent  tint  and  a  famtly  unpleasant  smell  on 
shaking ;  samples  taken  when  the  effli^nt  has  become  a 
dribble  are  quite  clear  and  emit  no  smell.     The  chemical 
evidence  at  tne  inquiry  was  to  the  effect  that  the  effluent 
from  the  filter  beds  had,  as  compared  with  the  raw  sewage, 
undergone  purificatign  to  an  extent  varying  from  81  to 
88  per  cent.,  judging  by  amount  of  oxyoren  consumed,  and 
of  63  to  77  per  cent.,  judging  bv  reduction  in  the  amount 
of  albuminoid  ammoma.    The  bacteriological  evidence  at 
the  inquiry  showed  that  the  number  of  micro-organisms 
present  in  both  the  tank  effluent  and  in  the  effluent  from 
the  filter  beds  was  very  great. 

1385.  I  suppose  you  did  not  make  any  experiments 
yourself  ? — ^None  whatever. 

1386.  You  simply  accepted  the  view  which  was  put 
before  you  ? — Quite  ;  I  accepted  the  facts. 

1387.  Did  these  experimental  works  give  rise  to  any 
nuisance? — ^No  evidence  was  given  at  the  public  inquiry 
that  nuisance  had  been  caused  by  the  experimental  works ; 
and  the  Medical  Offi<:er  of  Health  for  the  City  of  iJxeter 
stated  that  he  had  never  received  any  complaint  as  to 
nuisance  created  by  them.  I  myself,  in  November,  1897, 
noticed  an  offensive  smell  from  one  of  the  filter  beds; 
this,  however,  was  not  sufficiently  marked  to  be  notice- 
able at  a  distance  of  more  than  20  feet.  On  the  surface 
of  this  particular  filter  bed  a  slimy  scum  was  visible ;  and 
the  City  Surveyor  informed  me  that  the  surface  of  the 
filter  had  not  been  raked  over  for  several  months,  but  had 
been  left  undisturbed. 

1388.  Was  that  particular  filter  in  work  at  the  time  ? — 
It  was. 

1389.  And  the  scum  did  not  prevent  the  stuff  pene- 
trating ? — Apparently  not. 

1390.  As  result  of  your  inquiry  what  opinion  did  you 
form  as  to  the  applicability  of  the  ''septic  tank"  system 
to  the  treatment  of  the  sewage  of  the  whole  Oity  of  Exeter  f 
— ^I  came  to  the  conclusion  that,  while  a  considerable 
degree  of  purification  of  the  City  sewage  might  be  looked 
for  by  this  process,  yet  it  was  desirable  that  the  effluent 
produced  by  it  should  be  submitted  to  further  purification 
by  treatment  on  land  before  discharge  into  the  Biver  Exe. 

1391.  Will  you  tell  us  the  grounds  on  which  you  arrived 
at  this  conclusion? — The  main  considerations  by  which 
I  was  guided  were  as  follows :— {1)  While  in  many  in- 
stances the  chemical  analyses  that  had  been  made  of  the 
final  effluent  produced  by  Uie  Exeter  process  showed  that 
a  great  deal  of  purification  had  been  effected,  yet  in  many 
others  the  results  thus  indicated  were  less  satisfactory. 
lA  several  the  actual  amounts  of  organic  nitrogen  or  of 
albuminoid  ammonia  were,  in  my  judgment,  too  high  to 
permit  the  effluent  being  r^arded  as  satisfactory.  The 
variations  in  amounts  of  ammonias  in  the  effluent,  and  the 
differences  in  degree  of  conversion  ot  organic  matt^  into 
nitrates,  were  shown  to  be  very  considerable  ;  nor  did  it 
appear  clearly  to  what  those  variations  were  to  be  attri- 
ijutod.  Neither  was  I  satisfied  that  the  large  numbers  of 
microK>nzamsms  in  the  final  effluent  constitute,  as  was 
contended  at  the  inquiry,  a  favourable  indication.  It  is 
open  to  question  whetb^  this  condition  mav  not  be  held 
as  tending  to  show  that  a  good  deal  of  matter  requiring 
oxidation  still  remains  in  the  effluent ;  and  the  want  of 
knowledge  as  to  the  precise  nature  of  these  organisms 
leaves  room  for  doubt  as  to  whether  some  of  them  at  lea,st 
may  be  of  a  sort  not  desirable  in  an  effluent.  (2)  I  was 
also  not  satisfied  with  the  evidence  regarding  possible  in- 
fluence of  heavy  rainfall  on  this  process  of  treating  sewage. 
The  value  of  the  information  given  on  this  point  was  much 
lessened  owing  to  the  fact  that  the  6in.  pipe  leading  to 
the  experimental  works  was  not  lai^ge  enough  to  take  all 
«..ie  flow  of  the  St.  Leonards  sewer  during  heavy  rainfall ; 
and,  accordingly,  there  was  not  sufficient  evidence,  based 
on  actual  experience,  as  to  tihe  effect  of  heavy  rainfall  on 
the  process.  This  influence  may  be  regaraed  in  three 
ways:— (a)  During  heavy  rainfall  the  stay  of  sewage  in 
the  "  septic  tank "  is  necessarily  shorter,  and,  to  a  cona- 
spondinff  extent,  the  sum  of  tiie  action  taking  place  in 
the  tank  cannot  but  be  less.  The  movement  of  sewage 
in  the  tank  miflrht  be  affected  also  by  heavy  rainfall  in 
such  a  wav  that  instead  of  incoming  sewacre  pushing  the 
previous  contents  of  the  tank  before  it,  the  sewage  mi^ht 
displace  part  of  these  laterally  and  stream  through  the 
tank,  in  which  its  stay  might  thus  be  very  short  indeed. 
Evidence  was  given  on  this  point  nt  the  inquiry,  but  this 
evidence  was  based  on  experiments  made  during  dry 
weather.      (&)  As  was   contended  at  the   inquiry,   the 


80 


ROYAL  COIMISSION  ON  SEWAGE  DISPOSAL: 


j>r.T,      condition  of  great  dilution  of  the  contents  of  the  tank 

^'^J?'^**^    produced  by  heavy  rainfall  would  tend  to  changes  taking 

-JJ       place  leea  actively.       (c)  Heavy  rainfall  might  exert  a 

a^ltdyisos.  prejudicial!  influence  on  the  action  of  the  tank  by  washinf; 

away  a  large  proportion  of  the  microK>iganiain8  that  bring 

about  the  changes  iihat  take  place  in  the  sewacre  whU^  in 

the  tank.     On  ^1 9hese  points  regarding  possible  influence 

of  heavy  rainfall  the  amount  and  nature  of  the  evidence 

given  at  the  inquiry  wae  insufficient  to  justify  definite 

oooclusion.    (3)  The  evidence  as  to  the  influence  of  season. 

more  especially  of  severe  cold,  on  the  action  of  the  Exeter 

process  was  not  sufficiently  ample   to   afford  means  of 

judging  how  it  would  be  affected  by  these  conditions. 

1392.  In  case  of  any  proposal  to  apply  this  system  of 
sewage-treatment  to  other  places  than  Exeter,  would  you 
have  any  remarks  to  offer  in  addition  to  those  you  have 
abeady  made? — Yes.  It  would  be  necessary  to  consider 
the  quality  of  the  sewage  to  be  treated.  The  experimental 
works  at  Exeter  dealt  only  with  domestic  sewage,  into 
which  no  manufacturing  refuse  entered.  In  the  case  of  a 
town  of  which  the  sewage  contained  manufacturing  refuse 
it  would  be  neoessary  to  consider  t^e  oiature  and  propor- 
tion of  these  trade  effluents  in  the  sewage ;  inasmuch  as 
these  effluents  mipht  check  the  growth  and  life-processes 
of  the  micro-oi^nisms  to  which  the  modlficationB  brought 
about  in  sewage  by  thie  process  are  attributed.  This 
question  arose  at  Exeter,  where  there  are  two  ▼>aper-workfl, 
two  breweries,  one  tannery,  and  one  soap  and  candle 
works.  It  was  shown  at  the  inquiry,  however,  that  the 
refuse  entering  the  sewers  from  those  works  was  not  of 
a  quantitv  and  character  that  would  be  likely  to  affect 
injuriously  the  "  septic  tank  "  system  of  sewage  treatment. 
It  would  be  advisable  also  to  conaider  the  size  and 
character  of  the  stream  into  w'hich  the  effluent  from  the 
sewage  works  would  discharge  ;  the  purpose  to  which  the 
stream  is  put  as  re^rds  fisheries  of  one  or  another  sort ; 
and  whether  or  not  the  water  of  the  stream  would  be 
likely  to  be  used  for  drinking  purposes.  At  Exeter  it  is 
piK>po6ed  that  the  effluent  from  the  sewage  works  after 
trtAtmcnt  on'  land  shall  discharge  into  the  river  Exe ;  a 
river  of  considerable  size,  which  is  eemi-tidal  at  the  point 
where  the  effluent  would  be  discharged  into  it,  and  which 
wouM  not,  below  Uiat  point,  be  used  for  drinking  pur- 
poses. If  the  stream  were  to  be  used  subsequeftitly  for 
drinking  purposes  it  would  be  a  matter  of  importance  to 
ascertain  w^hether  organisms  capable  of  causing  disease 
could  pass  through  the  tank  and  filter  beds  and  reach  the 
stream  in  a  condition  that  would  permit  them  doing  injury 
to  health.  At  the  inquiry  at  Exeter  some  evidence  was 
.  given  on  his  point ;  but  the  conditions  of  the  experiment 
on.  which  the  evidence  was  based  differed  too  much  from 
those  of  the  Exeter  process  to  warrant  definite  inference 
as  to  what  would  happen  in  the  actual  working  of  the 
process. 

1393.  Then  to  take  that  last  paragraph,  you  would  form 
no  opinion  whatever  about  the  possibilitv  of  disease  germs 
getting  through  the  artificial  filter?— The  evidence  given 
at  the  inquire  went  to  show  that  these  germs  could  get 
through  both  tank  and  filter,  but  in  very  small  proportion. 

1304.  The  evidence  did  go  to  show  that  they  could  get 
through  ? — ^It  did. 

1395.  Yes?— But  I  was  not  satisfied  with  the  condi- 
tions under  which  the  experiments  were  conducted.  In 
one  respect  I  think,  perhaps,  they  were  too  favourable 
to  the  process ;  in  another  respect  they  were,  perhajM, 
unfavourable  to  the  process.  In  the  first  place,  the  enteric 
ftver  organisms,  which  were  those  which  were  employed, 
were  kept  in  sterilised  sewage  for  a  period  of  forty  hours, 
that  being  supposed  to  represent  the  action  of  the  tank.  I 
do  not  think  that  we  can  say  that  that  does  represent 
the  action  of  the  tank,  which  is  a  thing  we  at  present 
know  very  little  about  Ajid,  in  the  second  place,  the 
oiganisms  were  kept  there  for  forty  hours.  But  during 
a  heavy  rainfall  the  stay  of  the  sewage  in  a  tank  of  the 
size  which  was  used  in  the  experimental  works  would  be 
nothing  Uke  forty  hours. 

1306.  No?— It  would  be  six  or  seven  hours  probably 
at  the  very  most,  and  therefore  this  part  of  the  experiment 
was  unduly  favourable  to  the  Exeter  process.  On  the 
other  hana,  the  apparatus  used  to  represent  the  filter  beds 
probably  was  such  that  organisms  might  get  through  these 
laboratory  filters  that  would  not  get  through  the  filter  bed 
in  actual  use  at  Exeter.  So  that.1  hesitated  to  draw  any 
definite  conclusions. 

1397.  But  would  you  say  that  with  satisfactory  land 
treatment,  a  disease  germ  was  bound  to  be  destroyed? 

^That  is  a  very  difficult  question  to  answer.     I  think 

the  probabilities  are  that,  with  a  siiffic'ent  a'-ei  of 
proper  land  and  filtration  through  the  land,  the  organisms 


would  not  appear  in  the  effluent  therefrom ;  but  I  am 
afraid  it  is  impossilble  for  me  to  say  absolutely  that  this 
would  be  so. 

1398.  I  was  looking  the  other  day  at  this  pamphlet : 
"Worth  and  Czimp  on  the  Main  drainage  of  London^ 
and  Dibden  on  the  Purifioaiion  of  the  Thames.''  I  do 
not  know  whether  you  know  the  book? — I  do  not  think 


so. 


1399.  There  Mr.  BoeahUng  is  speaking  about  the 
artificial  filtration,  and  he  says  that:  ''He  thought  it 
"  was  very  dangerous  to  force  the  hand  of  nature,  especia  ly 
"  in  a  case  where  so  little  was  known  about  the'  very  in- 
"  tricate  processes  bv  which  the  decomposition  of  organic 
"matter  was  brought  about,  lest  in  this  attempt  they- 
"might  create  conditions  which  in  the  end  might  prove 
"  disastrous.  It  was,  for  instance,  well  known  that  in  the 
''process  of  putrefaction  certain  highly  poisonous  sub-- 
"  stances,  such  as  ptomaines,  toxins,  etc.,  were  formed, 
"and  if  an  effluent  containing  these  was  discharged  into 
*'a  small  stream,  whioh  during  very  dry  weather  con- 
"  tained  practically  nothing  else  but  this  effluent,  he  was* 
"not  sure  w9iether  they  would  not  set  up  conditions 
"  whioh  would  prove  disastrous  lower  down  the  stream." 
Would  you  have  any  opinion  to  give  as  to  a  fear  of  that 
sort? — ^I  do  not  tihink  that  there  ought  to  be  noxious 
materials  of  that  kind  in  an  effluent — a  satisfactory 
effluent ;  but  I  see  no  reason  why  artificial  filtration,  pro- 
perly conducted,  should  not  produce  an  effluent  which- 
would  be  free  from  such  material.  The  only  question  ia, 
as  to  what  would  constitute  a  satisfactory  prooess  of 
artificial  filtratton. 

1400.  Quite  so.  You  would  not  be  afraid  of  creating 
anything? — I  have  seen  no  evidence  that  would  lead  me 
to  suppose  that  new  material  of  a  dangerous  sort  would 
be  created  by  artificial  filitration  properly  conducted. 

1401.  Quite  so.  Kow,  as  far  as  I  understand,  one  of 
your  principal  doubts  about  the  satisfactory  nature  of 
the  septic  tank  and  the  filter  was  that  the  residts  varied 
so  very  much? — Yes. 

1402.  And  have  you  any  theory  at  all  to  advance  as 
to  why  those  variations  were  caused? — ^No,  I  have  not 
It  is  very  difficult  to  account  for  them. 

1403.  It  would  not  be  that  different  men  worked  at  it 
with  rather  different  systems,  would  it — 'because  the  re- 
sults were  obtained  by  different  chemists,  were  they  nott 
— Well,  I  am  hardly  competent,  perhaps,  to  express  an 
opinion  upon  that  matter.  I  have  always  been  prepared 
to  accept  the  analyses  of  competent  chemists  ;  1  did  not 
suppose  that  they  would  be  likely  to  vary  very  lazgely 
one  from  another.  I  proceeded  on  the  assumption  th^ 
probably  they  would  not  vary  largely  one  from  another. 

1404.  As  far  as  you  know,  the  difference  in  the  results 
would  not  be  accounted  for  by  the  different  times  of  the 
year  or  the  amount  of  the  flow  ? — ^No  ;  on  the  contrary, 
these  variations  occurred  in  samples  taken  about  the  same 
time. 

1406.  There  was  a  considerable  difference  of  opinion,, 
as  far  as  I  can  remember,  about  whether  the  storm  over- 
flow should  go  through  the  tank  or  not?— One  of  the 
witnesses  held  the  view  that  probablv  if  the  storm  water 
was  allowed  to  go  through  the  tank  it  would  damage  the 
working  of  the  tank,  not  only  at  the  time,  but  for  some 
time  afterwards. 

1406.  But  did  not  another  of  the  scientific  witnesses 
hold  the  view  that  it  was  better  that  it  should  go  through  t 
— ^All  the  rest — ^I  am  speaking  from  memory — ^I  think  the 
rest  who  gave  evidence  on  that  point  thought  that  the 
action  of  the  tank  would  at  least  not  be  appreciably  harmed 
by  it 

1407.  lAnd  that  the  working  of  the  filter  would  be 
equally  satisfactory  ?— The  filter  or  the  tank? 

1408.  Well,  of  both?— The  proposition  was  to  treat 
the  whole  of  the  rainfall  in  the  tank,  but  not  on  the  filter 
suKiequen^y.  The  filter  would  not  be  capable,  I  sup- 
pose, of  doing  that,  and  it  was  intended  to  pass  the  sewags 
that  had  been  in  the  tank  in  large  part  directly  on  t^ 
the  land  and  not  throaght  the  fihers  at  all  in  time  or 
heavy  rain. 

1400.  At  the  present  time  it  goes  through  the  fltten, 
does  it  not?--Ye8.  These  are  experimental  works  ;  and, 
as  I  tried  to  make  clear,  my  difficulty  with  regard  to  the 
experimental  works  was  this,  that  they  did  not  take,  more 
than  a  small  part  of  the  rainfall ;  the  pipe  leading  to  the 
works  is  too  small. 

1410.  But  there  was  this  question  raised,  was  thsrs 
not  ?  Of  course,  in  time  of  rain  the  effluent  passes  thiwign 
the  tank  and  through  the  filter  much  faster  than  it  doss 
in  the  dJ7  time  ?— Yes. 
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1411.  And  was  there  not  a  difference  of  opinion  among 
the  scientific  witnesses  as  to  whether  or  not  the  working 
of  the  filter  was  equally  satisfactory  under  such  circum- 
stances ?— Yes,  there  was  some  difference  of  opinion;  it 
was,  I  think,  a  difference  of  opinion  in  degree  more 
than  anything  else.  If  my  recollection  is  correct, 
I  do  not  think  that  anyone  claimed  that  filters  and  tanks 
would  work  quite  as  well  in  times  of  heavy  rain^  but 
some  witnesses  at  least  thought  that  there  would  not  be 
a  very  great  difference — ^that  the  result  would  be  satisfac- 
toiy  at  all  events. 

1412.  I  had  a  sort  of  idea  that  it  was  held  that  the 
sewage  being  so  diluted  as  it  would  be  in  time  of  rain, 
the  actual  result  would  be  quite  as  good,  although  the 
filter  would  not  be  so  long  at  work  upon  it  ?— The  tank 
or  the  filter? 

1413.  Well,  both.  I  mean  the  final  result  would  be 
as  good  from  the  sewage  coming  out  very  much  diluted 
with  rain  as  it  would  in  the  dry  time,  when  the  filter  had 
been  longer  at  work  upon  it?— One  of  the  witnesses,  I 
think,  expressed  that  view. 

1414.  Yes,  but  the  others  did  not  ?— The  others  did  not. 

1415.  Then  one  of  your  principal  objections  to  this  is 
that  the  results  are  not  certain.  I  suppose,  as  a  matter  of 
fact,  the  results  of  all  land  treatment  vary  very  much^ 
Well,  that  I  am  afraid  is  a  question  which  is  very  diffi- 
cult to  answer,  too.  Before  answering  that  I  should  like 
to  have  a  large  body  of  evidence  of  land  treatment  under 
different  conditions  put  before  me. 

1416.  You  would  not  be  prepared  to  answer  iiha*? — 
Not  ai  preseot. 

1417.  Would  you  be  prepared  to  answer  a  question  as 
to  day  land  ?  We  have  had  some  very  strong  evidonce 
before  us  that  clay  land  is  practically  worthless  as  a  fijter. 
Oould  ywi,  from  your  experience,  give  any  opinion  upon 
that  point? — ^I  have  had  no  personw  experience  as  to  that. 
What  I  know  on  that  point  is  based  on  reading. 

1418.  In  fact,  you  want  evidence  before  you  form  an 
opinion  ? — ^Yes. 

1419.  Have  you  had  much  experience  of  land  treat- 
ment ? — ^No.  I*  have  occasionally  seen  sewage  farms,  but 
I  have  not  had  an  exceptional  amount  of  experience. 

1420.  It  is  conceivable  that  this  Exeter  treatment, 
even  if  it  were  successful  in  the  case  of  simple  sewage, 
would  not  succeed  with  trade  refuse.  You  would  not  be 
able  to  tell  us  whether  you  considered  that  land  treat- 
ment was  satisfactory  in  the  case  of  trade  refuse,  would 
you? — ^The  same  difficulty,  no  doubt,  would  arise  with 
land  treatment.  It  is  perhaps  a  question  of 
degree.  With  land  treatment  a  great  deal  more  land 
would  be  employed  than  material  is  employed  in  theoe 
axltfioial  filter  beds  ;  one  may  be  tolerably  ceilain  thafc 
some  trade  effluents  would  be  jusit  as  bad  for  the 
d^anisms  in  the  land  as  for  those  in  the  filter  beds. 

1421.  This  is  my  last  question.  Was  there  any  evidence 
at  Exelter  as  to  wheither  th'e  cffluenft  if  lefit  to  iiteelf  would 
become  better  or  worse  ? — ^Yes  ;  it  had  been  kept  in 
bbUilee,  and  the  evidence  on  that  point  waa,  I  think,  in 
ail  cflsee  saltiBfaotory ;  thai  is  to  say,  in  all  coses  where 
that  had  been  done  in  the  laboratory  the  witnesses  stated 
that  the  effluent  remained  clear,  and  had  not  developed 
any  offensive  smelll  or  deposited  any  matter  in  the 
bottom  of  the  bottle. 

1422.  (Mr.  Killic1{.)  1  think  you  held  an  inquiry  at  the 
time  of  the  formation  of  the  Mersey  and  Irwell  wBtemhed 
aft  Mandheeter ;  you  were  one  of  the  inspectors  holding 
iihe  inquiry  ait  Manchester  at  the  time  of  the  formaikion  of 
the  Measey  and  Irwell  waterGftied,  were  you  not? — No,  I 

not. 


1423.  Oh!  Have  you  any  knowledge  of  the  works 
within  the  area  ot  that  Gommii)tee  ?— No. 

1424.  With  regard  to  the  storm  overflows  in  the  sewage 
wot'kBy  have  you  any  opinion  as  to  when  they  eihould  begin 
to  oome  into  operation  ?-~That,  I  think,  i«  a  maitter  that 
an  engineer  is  more  competent  to  decide  than  I  am. 

1425.  (Colonel  Harding.)  You  have  told  ua  that  you 
hod  formed  the  opinion,  that  the  effluents  from  the  filter 
bede  at  Exeter  were  not  sufficiently  good  to  be  turned  into 
a  stream,  and  that  you  thought  some  further  treatmeot 
woukl  be  required? — ^Yes. 

1426.  There  had  been,  had  there  not,  ooi»idei»ble  puri- 
fioatioo  Irf  filfcratian  beyond  the  purification  obitained  by 
mie  ittok  ^--Yes,  a  oonsideralble  degree  of  purifioation. 

1427.  I  notice  that,  in  one  of  the  analyses  it  is  stated 
13iat  the  purification  obtained  by  the  tank  was  30  per 
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cent,  on  the  crude  sewage,  and  th«t  by  the  filter  80  per      Dr.  r. 
cent,  on  the  crude  sewage? — Yes.  Thom$im, 

1428.  You,  of  course,  have  studied  these  analyses  very  -*,";"?«» 
closely.     Would  that  represent  generally  the  amount  oi       ^ 
purification,  do  you  think  ? — ^Well,  in  the  evidence  I  have 

given  I  gave  the  range  of  purification.  The  range  was  a 
very  wide  one — from  25  per  cent,  to  63  per  cent,  in  the 
tank,  or  from  17  per  cent,  to  55  per  cent.,  according  to 
the  method  of  judging ;  and  81  to  88  per  cent,  or  63  to  77 
per  cent,  in  the  filters. 

1429.  The  figures  I  named,  judging  by  the  oxygen 
absorbed,  are  below  what  you  yourself  give — from  81  per 
cent,  to  88  per  cent^  ;  I  was  asking  you  80  per  cent.' i — 
Yes. 

1430.  Would  it  not  be  possible  to  obtain  further  puri- 
ficattAon  by  further  artificial  filtration  ?— Yes,  I  should 
thinlk  there  can  be  Uttle  doubt  that  you  would  get  further 
pusification. 

1431.  What  I  mean  is  that,  if  this  filtration  in  this  oase 
has  g^ven  us  a  very  largely  increased  amount  of  purifica- 
tion upon  that  whidi  had  been  obtained  by  the  tank, 
proba/bly  a  further,  or  a  second,  filtaation  would  have 
given  us  an  effluent  fit  to  be  turned  into  any  stream,  would 
it  not — any  stream,  I  mean,  not  for  drinking  purposes  ? — 
As  a  matter  of  fact,  a  great  deal  of  work  has  been  actually 
done  in  that  direction  elsewhere  ;  the  artificial  filter  bed 
is  nothing  new.  And  there  has  not  only  been  work  done 
in  this  country,  but  in  America.  The  Massachusetts 
Board  of  Health  has  shown  that  you  can  get  a  very  high 
degree  of  purification  by  passing  sewage  through  artificial 
filters  ;  only  in  regard  to  the  Massachusetts  work,  in  the 
vast  majority  of  cases  the  proportion  of  sewage  filtered 
per  acre  was  very  much  smaller  than  in  experiments  in 
this  country ;  instead  of  one  million  gallons  per  acre,  as 
is  attempted  in  many  cases  here,  and  as  is  the  case  at 
Exeter  for  the  filter  bed,  in  the  Massachusetts  experi- 
ments it  is  40,000,  80,000,  and  100,000  gallons  per  acre— 
a  very  different  proportion.  The  filtration  is  much 
slower,  and  they  get  a  better  effluent ;  showing  that  a 
greater  degree  of  filtration  produces  better  results. 

1432.  Your  opinion  being  that  the  effluent,  as  you  saw 
it  at  Exeter,  was  not  good  enougih,  you  think  that  further 
artificial  filtration  would  Obtain  tiie  desired  results  as  well 
as  treatment  on  land? — ^The  judgment  I  have  formed  about 
the  Exeter  process  was  neither  favourable  nor  unfavour- 
alble  ;  I  took  a  position  of  hesitation  rather  about  it  It 
is  conceivable  that,  with  further  knowledge,  we  might 
be  able  to  use  even  the  amount  oi  filter  acreage  at  such 
places  as  Exeter,  and  produce  more  consistently  satisfac- 
tory results  than  are  now  produced  ;  it  migfht  be  neces- 
sary to  add  to  the  acreage,  or  you  might  find  that  you 
could  do  with  the  present  acreage,  or  possibly  even  lees. 
My  great  diffibulty  throughout  was  that  there  were  many 
things  unexplained  by  the  evidence  put  before  me,  and 
perhaps,  if  we  could  get  those  cleared  up,  we  might  be 
able  to  find  that  we  could  deal  with  sewage  even  in  the 
proportion  to  the  acre  attempted  at  Exeter  ;  on  the  other 
hand,  one  must  face  the  fact  that  we  might  fiind  nothing 
of  the  sort ;  there  is  so  much  that  remains  to  be  dis- 
covered. 

1433.  The  special  point  I  wanted  to  get  at  was  whether 
in  your  opinion  it  would  be  possible  to  obtain  further 
purification  by  addiitional  filtera  as  well  as  by  land  treat- 
ment?— ^Additional  filters  being,  I  suppose,  a  greater 
amount  of  filtration? 

1434.  A  second  filtration  ?— That  would  oome  in  eflfeot 
to  the  same  thing  as  a  larger  filtering  area. 

1435.  Scarcely ;  it  would  be  a  second  filtering  area— a 
seoond  arni  indeipeixient  process  ? — ^I  sihould  certainly  be 
diisix>sed  to  beKeve  that,  with  additional  filtration^  a 
better  effluent  would  be  produced  ;  that  is  to  say,  with 
the  two  serdes  of  filters,  I  should  expect  that  the  effluent 
from  the  second  series,  having  already  passed  through  the 
first  series  as  well,  would  be  better  than  the  effluent  from 
the  first. 

1436.  Then  as  to  the  possibility  of  any  organisms  going 
through  into  the  Streams.  That  would  only  have  import- 
ance, would  it,  if  the  water  of  the  stneaan  were  used  for 
drinking  purposes?— Or  for  fisheriea— oyster  fisheries,  for 
example. 

1437.  Yes,  but  only  in  those  oases?— Only  in  those 

^^;  ^^  ^^^  ^  ^^  experiment  at  Exeter  as  to  the 
possibility  of  fish  life  in  their  effluents  ?— If  they  did,  it 
was  not  brought  to  my  notice. 

1430.  ThA  Exeter  sdheme,  I  believe,  has  been  extended, 
"■  it  ftsi  I—Yes. 
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Vr.T  1440.  To  deal  with  the  whole? — The  whole  sewage  of 

rftoiiwon.    thecifcy. 

—  1441.  Yeo.     You  do  not  know  when  it  k  likely  to  be  in 

«7Ju_yiW8.  <^pei^tMHi9— No,  I  cannot  teU  you. 

1442.  (Dr.  BumWL)  Your  bueiness  at  Exeter  wai»  to 
ooDsider  the  case  of  the  scheme  as  it  was  presented  to  you 
by  the  authorities  ? — Pxecisely  so. 

1443.  It  was  not  any  pait  of  your  bueineas  to  point  out 
poxtiona  of  the  evidence  which  were  defective,  wiidch 
might  have  been  supplemented  if  thedr  atiteniiion  had  been 
directed  to  them  ? — Well,  yes,  as  a  matter  of  fact,  as  I 
have  slated  in  this  evidence,  we  had  two  inquiries — a  pre- 
liminary inquiry  in  May,  and  a  sixbeequent  inquoiy  in 
November  J  and  at  the  preliminary  inquiry  in  May  my 
colleague  and  I  came  to  the  conclusion  that  in  certain 
motten  we  would  like  to  have  additional  evidence,  and 
we  let  the  Exeter  Town  Council  know  that,  and  that  addi- 
tional evidence  was  partially  provided  for  us  at  the  subse- 
quent inquiry  in  November.  Some  of  it,  however,  was 
not  provided  ;  that,  for  example,  dealing  with  the  in- 
fluence of  heavy  rainfall ;  the  size  of  the  pipe  leading  to 
the  experimental  works  was  such  that  they  could  not 
amplify  that  evidence  for  us. 

1444.  The  ultimate  result  wa«,  as  you  said  to  Colonel 
Harding,  that  you  were  left  in  a  state  of  suspense  and 
hesitation  as  to  vaidous  points  ? — ^Yes. 

1445.  I  notioe  in  your  enumeration  of  the  reasons  w^ch 
led  you  to  the  c<xiclusaon  that  it  was  desiralble  that  there 
ahouM  be  fuither  purification  by  treatment  on  land,  they 
veiy  laigely  result  in  pointing  out  that,  in  the  matter  of 
chemical  analyses,  the  nature  and  number  of  organisms 
present,  as  to  the  influence  ol  rainfiaill,  and  the  influience 
of  seasons,  you  had  not  enough  evidence  to  enable  you  to 
come  to  an  opinion  ? — ^No  ;  more  particularly  as  regards 
the  variations  of  analyses  and  the  rainfall  question.  On 
the  seasonal  question,  I  also  thought  the  evidence  was 
somewhat  lacking,  but  I  did  not  regard  that  as  being 
quite  so  important  as  the  other  two,  because  there  is 
alreadv  a  good  deal  known  in  that  matter — not  as  regards 
the  septic  tank  itself,  but  as  regards  filter  beds. 

1446.  Yes;  so  that  the  decision  bears  not  absolutely 
against  the  principle  of  this  biological  treatment,  but  it 
points  rather  to  the  necessity  of  suoh  inquiry  as  has  been 
entrufifted  to  the  present  Commission? — ^uite  so. 

1447.  And,  knowing  something  of  the  results  of  treat- 
ment on  land^  you  attaohed  that  recommendation  to  your 
repoit — knoviing  something  more  definite  as  to  treatment 
by  land  than  is  known  as  to  treatment  by  this  biological 
filtration  ? — Quite  so.  I  had  some  knowledge,  based  on 
evidence  in  the  past,  as  to  what  might  be  looked  for  from 
the  treatment  of  sewage  on  land,  but  the  evidence  as  re- 
gards artificial  filtration,  combined  with  the  septic  tank, 
was  less  in  amount. 

1448.  StiH,  the  result  even  of  treatment  by  land 
depends  a  good  deal  upon  definite  conditions  and  care  in 
the  application  of  it? — ^Yes. 

1449.  It  IS  not  absolutely  and  necessanily  suocesef  ul  in 
biological  filtration  ? — No  ;  I  quite  agree. 


1450.  (Professor  Bamsay.)  I  have  not  quite 
how  long  the  liquid  lies  in  the  septic  tank.  You  give  the 
dimenasons  of  tiie  tank  from  end  to  end,  and  it  would  be 
possible  to  calculate  it,  and  you,  no  doufbt,  dnd  ;  how  long 
could  it  be  said  that  the  liquid,  which  goes  in  at  one  end, 
flfcsTB  in  the  tank  before  it  flows  out  at  the  other,  under 
normal  circum^feancee  ? — ^The  diy  weaifher  flow  of  35,000 
gatUons,  I  think,  works  o^t  in  the  case  of  the  expenmental 
w^ovks  to  abou^  forty  hours'  stay. 

1451.  Foity  boars'  stay?— The  average  flow  being 
55,000,  the  average  stay  would  be  not  more  than  twenty- 
four  hours.  As  to  what  haiypens  in  rain,  the  evidence  is 
unsatisfactory,  for  the  reasons  I  have  stated. 

1452.  Might  I  ask  you  if  you  have  noticed  the  olukr- 
jscter  of  the  substances  ;  I  suppose  paper  forms  a  pastial 
element  of  the  sewage  T—Yes. 

1453.  Does  it  remain  in  the  tank,  or  is  it  destroyed 
before  it  issues? — During  the  examinations  I  myself  made 
of  the  effluent  from  the  tank,  I  never  saiw  any  paper.  I 
;3aw  no  solids,  except  small  suspended  black  particles  ;  I 
saw  nothdng  bigger. 

1454.  Would  the  paper  be  removed  by  previous  strain- 
ing?— No;  there  was  no  previous  straining  when  I 
saw  the  tank,  and  I  understood  from  the  evidence  given 
that  they  did  not  strain  the  sewage. 

1455.  There  bos  been  no  aoMlyais  of  the  gas  escaping  at 
^!be  lop,  has  there  t— Yes,  there  has. 


1456.  Do  you  know  what  the  gas  consisted  of  ? — ^That  is 
given  in  this  report  by  Dr.  Bideal. 

1457.  Laxgely  marah  gas  and  hydrogen.  Then  you 
stated  that  tiie  effluent  from  the  filter  beds  usually  has  a 
sHght  opalescent  tint ;  is  that  due  to  the  presence  of 
orgonisms  ? — ^Do  you  know  if  the  opalescence  is  formed  by 
a  large  number  ot  organisms  escaping  or  not? — I  cannot 
say  what  the  opalescence  is  due  ta 

1458.  That  was  not  explaoned? — ^That  was  not  ex- 
plained. 

1459.  lis  anything  known  about  the  nature  of  the 
organisms  which  were  affected? — There  has  been  some 
inquiry  made  into  them.  You  wlU  find  in  the  printed 
moltter  a  regoit  by  Dr.  Sims  Wood&ead,  which  gives  some 
account ;  but  the  knowledge  is  very  partial  knowledge, 
and  leaves  a  very  great  dMl  unexplained.  Of  course,  it 
is  a  very  vast  subject,  and  no  doubt  Dr.  Woodlhead  had 
not  the  opportunity  of  going  into  it  with  sufficient  fulness. 

1460.  He  gives  vtie  number  oi  anaerobic  organisms,  and 
so  on? — Yes. 

1461.  (Major-General  Carey.)  Would  you  explain  how 
samples  were  taken  from  the  filters? — ^They  were  partly 
individual  samples  taken  at  a  given  moment,  and  partly 
they  were  mixed  samples. 

1462.  I  am  referring  now  to  the  mixed  samples? — ^If 
you  will  allow  me  to  refer  to  my  papers,  I  caoi  say  how 
that  was  done.  It  is  rather  complicated.  The  samples 
from  the  filter  beds  ? 

1463.  From  the  filter  beds,  yes? — The  nuxed  samples 
were  taken  in  the  following  way :  Five  samples  equal  in 
amount,  amountuig  to  500  cubic  centimetres  in  each 
instance,  were  taken  of  the  effluent  within  one,  three,  six, 
ten,  and  twenty  minutes  respectively  of  the  time  when 
the  disohaige  of  the  filter  bed»  hod  commenced.  These 
times  are  the  approximate  centres  of  tihe  Gye  periods 
occupied  bv  the  discharge  of  the  five-fifths  constituting 
the  total  effluent  of  the  filter  beds.  Then  the  five  samples 
procured  in  this  way  were  added  together,  and  constituted 
a  mixed  sample  to  be  submitted  for  analysis,  a  total 
amount  of  2,500  cubic  centimetres 

1464.  Would  that  include  the  first  rush  fiom  the  filter? 
—Yes. 

1465.  Or  would  they  wadt  for  a  minute  7 — ^They  say  that 
the  firat  sample  was  taken  in  the  first  minute  ;  the  naiife 
sample  was  taken  three  minutes  after  the  discharge  had 
begun,  and  the  next  six  ;  the  bulk,  therefore,  of  the 
samples  were  taken  within  the  first  few  minutes.  It  must 
necessarily  be  so,  because  the  greater  bulk  is  dischaiged 
in  the  eariLer  ]^rt  of  the  emptying  of  the  beds. 

1466.  I  rather  wanted  to  know  whether  a  fairer  maxed 
sample  oould  not  be  produced  by  taking  the  first  rush 
fiom  the  filter,  say,  for  one  minute,  and  then  at  intervals, 
ddstinct  intervals,  until  the  filter  was  empty,  say,  of  ten 
or  fifteen  minutes  each,  for  wie  minute?  Tlhey  would 
then  get  a  much  larger  volume  of  the  effluent  in*the  first 
mdnute,  on  account  of  the  rate  at  which  the  effluent  would 
be  dischaiged,  and  at  the  end,  when  the  filter  was  nearly 
empty,  tfliere  would  be  hardly  anything  at  ail,  a  mere 
dribble  in  that  minute.  When  you  mixed  all  those 
samples  together  for  a  mixed  sample,  you  would  get  a 
very  different  result  as  far  as  the  analysis  was  concemed. 
Do  you  see  what  I  mean  ?— Yes,  but  I  do  not  think  that 
would  be  fair,  because  you  would  get  an  infinitely  larger 
proportion  of  the  earlier  outflow  than  of  the  later— an  in- 
finitely larger  proportion  to  the  total  amount  dischaiged. 
The  endeavour  of  the  persons  who  took  these  mixed 
samples  was  to  make  the  amount  taken  in  each  instance 
proportional  to  the  total  discharge.  They  divided  Uie 
total  discharge  of  the  filter  beds,  some  8,000  gallons,  nto 
five-fifths  ;  they  reckoned  how  long  each  fifth  took  to  dis- 
charge, and  they  took  a  sample  from  the  middle  of  each 
fifth  of  precisely  the  same  amount.  In  that  way  they 
concluded,  and  it  appears  to  me  with  justice,  that  they 
had  got  a  fair  mixed  sample. 

1467.  At  tihe  same  time  the  great  mass  j>f  tiie  polluting 
effluent  wouOd  go  into  the  river  wiidhin  the  first  two  or 
three  minutes,  or  the  first  few  minutes  ? — The  first  p<»tion 
discharged  is  not  so  good  as  the  later,  but,  in  taking  a 
sample  in  that  way,  they  had  the  same  amount  of  each 
of  the  five  portions.  If  they  had  taken,  say,  a  sample 
a  minute  for  the  first  half-hour  or  so,  they  would  not 
have  got  at  all  an  average  sample ;  they  would  practically 
have  got  a  sample  of  the  earlier  dischaige,  because  there 
would  be  a  very  much  greater  proportion  of  the  earlier  dis- 
charge than  of  the  other  in  amount.  I  think  they  took  it  in 
the  fairest  way ;  but,  of  course,  information  of  that  kind 
ought  to  be  supplemented,  and  was  to  some  extent  suf^ 
plemented  at  Exeti^x  by  analyses  taken  also  at  individttAl 
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moments — such  as  a  sample  taken  at  the  very  beginning, 
or  twenty  or  twenty-five  minutes  afterwards,  and  sepa- 
rately analysed. 

1468.  I  mean,  if  a  river  inspeotor  went  round  and  took 
his  sample  at  the  first  rush  wlien  lei  off  from  the  filters,  he 
might  comdemn  it,  and  say  that  it  was  noit  by  any  means 
«ti»faotory,  and  mrlght  arrive  at  very  different  conclusions 
from  what  the  reaulta  of  the  analyaec  would  lead  you  to 
ezpecfi — I  think  myself  thait  both  mixed  samples  and 
individual  samples  ought  to  be  taken. 

1469.  Then  there  is  anoUier  point.  Tou  say  it  was 
lAiown  at  tihe  inquiry  thalt  the  pefuae  entering  the  sewers 
from  theee  works  was  not  of  a  quanloty  or  character  likely 
to  affect  injuriously  iihe  septic  tank  system?  These  are 
experiments  not  made  at  the  Belle  Isle  Works? — They 
were  made  in  laboratories,  samples  of  the  Exeter  sewage 
being  mixed  with  Exeter  trade  effluents. 

1470.  In  the  laboratory? — ^In  the  laboratory. 

1471.  There  have  been  no  experiment  mode  at  all  at 
the  experimental  works  with  mixed  sewage  7 — None  what- 
ever ;  no  trade  refuse  has  ever  been  treated  there. 

1472.  And  you  did  not  see  the  Teovil  woriks,  the  works 
where  they  were  treating  the  mixed  sewage  in  the  septic 
tank  ? — No  ;  I  did  not  see  the  Yeovil  works. 

1473.  Tou  considered,  I  think  very  rightiy,  tbst  very 
much  more  evidence  ahoukl  be  obtained  wiith  reepeot  to 
the  bacterial  action  w4iich  goes  on  in  septic  tank  sysbeme? 
— ^Yes,  I  think  so. 

1474.  That  at  present  the  evidence  on  that  podnt  is  quite 
insufficient? — Quite  insufficient. 

1475.  Have  vou  formed  any  opinion  as  to  the  treat meott 
in  the  septic  tank  only,  without  the  filters — ^whether 
thai  might  be  considered  equivalent  to  chemical  trostmeok 
and  precipitation  without  land? — I  have  precisely  the 
same  difficulty  in  answering  that  question  as  I  have  in 
giving  a  definite  answer  as  to  the  effect  of  the  whole  pro- 
cess. There  are  those  difficulties  which  I  have  mentioned 
about  rainfall  particularly ;  I  should  like  to  know  more 
on  those  points.  It  may  prove  to  be  quite  as  good  ;  on 
the  other  hand,  it  may  prove  to  be  better,  or  worse.  But 
before  venturing  on  a  definite  pronouncement,  I  should 
like  to  have  further  evidence. 

1476.  (Sir  Richard  Thome.)  I  believe  I  am  righib  in 
supposing  tlhat  at  Exeter  they  have  a  piece  of  hod  on 
wlkioh  the^  can  deal  with  the  effluent  from  the  filters? — 
Tee,  that  m  eo. 

1477.  When  you  were  down  at  Exeter,  was  that  piece  of 
land  in  use  for  that  purpose  ? — ^No. 

1478.  Then  the  results  you  dealt  with  were  entirely  ob- 
tained from  the  use  of  the  tank,  plus  the  filters  ? — Quite 
so. 

1479.  Now  I  noticed  that  you  said  that  the  number  of 
micro-organisms  present  both  in  the  tank  effluent  and  in 
the  effluent  from  the  filter  beds  was  very  great.  Was  any 
evidence  brought  before  you  as  to  the  character  and 
quality  of  those  micro-organisma  ? — ^There  wee  a  little,  but 
it  was  very  inadequate  from  the  point  of  view  I  was  re- 
garding the  process  from.  You  will  find  some  of  it  given 
in  the  printed  maltter,  page  37. 

1480.  As  we  have  not  that  printed  matter  before  us, 
world  you  mind  just  quoting  the  essential  points  of  it,  so 
that  it  will  be  down  in  evidence  ? — ^In  the  main,  the  evi- 
dence with  regard  to  the  qualities  of  these  organisms  was 
as  to  whether  or  not  they  were  anaerobic  or  aerobic,  and 
as  to  whether  or  not  they  were  liquefying  or  non-liquefy- 
ing. In  addition  to  that  some  evidence  was  given  as  to 
the  particular  characteristics  of  eight  organisms  that  had 
been  aepaarted  from  the  cnide  sewage  and  from  the  tank 
efflnent. 

1481.  Oonld  you  tell  me  whetlher  some  of  those  oi^gan- 
isms  would  be  likely  to  give  rise  to  offensiveness  .if  ad- 
mitted imto  running  water? — Of  the  organisnia  ihalt 
were— 

1482.  That  were  found  to  be  in  the  filter  effluenlt?-^ 
WeU,  it  is  not  easy  to  say  definitely,  because  these 
ctgammoB  are  not  mentioned  by  any  name  at  all.  I  mean 
to  say,  that  apparently  they  are  regarded  as  oi^gaoisms 
not  at  present  classified. 

1483.  Is  there  any  evidence  of  which  you  are  aware  afc 
present  wlhioh  would  really  help  the  Oommission  to 
AffeDenitMilte  between  the  quality  as  oontrasfted  with  the 
ouanbi'ty  of  the  oigsnisma  that  are  found  in  the  filter 
Deds? — ^I  am  not  sure  that  I  quite  grasp  what  class  of 
evidence  you  mean. 

1484.  Evidence  was  brought  before  you  to  show  that 
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the  amount  of  micro-organisms  in  the  fiker  effluent  was      Dr,  T. 
very  greet?— Yes.  ^^JJ^ 

1485.  Was  any  evidence  brought  before  you  to  show  ^jj^JT^gje. 

wthat  was  the  Character,  that  is  to  say,  the  quality,  of  the      

organisms  that  made  up  this  large  body?-— The  evi- 
dence as  regards  the  character  was  of  the  kind  I  have 
mentioned — whether  or  not  they  were  anaerobic  or  aerobic, 

or  whether  they  were  liquefying  or  noin->liquefying.  And 
alsD  as  regards  the  effluent,  experiments  were  made  with 
the  sewage  containing  certain  organisms,  claiming  to  show 
that  this  mixture  of  sewage  and  these  particuLar  organisms 
underwent  nitrification  if  kept  in  bottle.  But  it  is  very 
doubtful  whether  one  can  accept  these  experiments  as 
shewing  that  pure  cultures  of  the  organisms  in  each  case 
were  used,  and  that  such  cultures  really  brought  about 
nitrification.  I  have  very  serious  doubts  about  it. 
Judging  from  the  work  which  has  been  already  done  else- 
where in  that  direction,  I  have  doubts  whether  those 
organisms  did  give  rise  to  the  nitrification  indicated  by 
the  experiment. 

1486.  You  have  referred  to  some  experiments  which 
were  made  with  the  typhoid  bacillus.     Were  those  the 
result  of  purely  laboratory  experiments  with  the  organism, 
or  T^ere  rhey  ex]>eriment8  with  the  actual  effluent  from 
the  filters  ? — The  culture  of  typhoid  bacilli  was  added  in 
the  laboratory  to  sewage  which  had  been  collected  and 
allowed  to  stand,    axid  this  mixture  was  set  aside  for 
forty  hours,  so  as  to  allow  the  influence  of  the  sewage 
to   be   exerted   on   tlie   enteric   fever   organisms ;    that 
influence  being,  it  was  supposed,  eouivalent  to  the  in- 
fluence    that     the     tank     would     auring     that    space 
of    time     exert.      And    then,     after    that,     the    next 
stage  was  to  pour  the  mixture  upon  an  artificial  filter, 
which  was  composed  of  a  tube  some  4^  feet  long,  con- 
taining the  sort  of  material  which  the  filter  beds  confined. 
Then,  after  the  lapse  of  a  given  number  of  hours,  the  con- 
tents cf  the  tube  were  allowed  to  drain  off,  and  a  sample 
WAS  taken  of  the  effluent,  and  that  sample  was  examined 
for  the  number  of  enteric  fever  organisms  present.    Com- 
parison was  then  made  with  the  numbers  present  in  the 
original  sewage,  to  which  the  enteric  fever  culture  had 
been  added. 

1487.  Oaa  you  tell  us  generally  what  the  result  of  those 
experimentta  was? — G^erally  the  result  was  that  there 
was  a  groat  diminution  in  the  numbers  of  enteric  fever 
organisms.  Only  a  few  enteric  fever  organisms  passed 
through  the  whole  experiment,  and  came  out  in  the  effluent 
at  the  other  end. 

1488.  Then  the  circumstances  of  this  laboratory  experi- 
n*ent  would  not  in  any  way  be  final  as  to  the  destruction 
of  the  typhoid  organism  l-^No.  I  think  that  the  experi- 
ment as  performed  was  open  to  objection  in  the  way  I 
have  already  pointed  out ;  it  was  not  conclusive. 

1489.  Cotrkl  you  give  us  any  idea,  limited  as  I  know 
you  are  by  the  Exeter  experimenifas,  as  to  wibether  in  your 
opinion  this  syrtem  is  ^ely  to  be  satisfaotory  apart  from 
knd  treatment  of  the  filter  effluent? — ^It  is  veory  difficult  to 
answer  such  a  question  otherwise  than  in  a  provisional 
manner.  The  evidence  at  present  is  so  incomplete  that  it 
is  really  difficult  to  judge  what  the  process  may  be  ab^e  to 
achieve. 

1490.  Yes  ? — ^It  may  prove  to  be  sufficientf  and  it  may 
not. 

1491.  Could  you  say  anythdng  further  if  I  limsted  you 
entirely  to  domestic  sewage,  to  the  exclusion  of  manufac- 
turing refuse  ? — "So  ;  I  have  precisely  the  same  difficulty. 

1492.  In  your  «ltatement  you  described  the  process  in 
the  tank  as  consisting  mainly  of  the  conversion  <^  part  of 
the  soilids  in  suspension  into  solids  in  solution,  and  of  the 
breaking  down  of  complex  organic  compounds  into  simpler 
compounds.  Are  you  able  to  give  the  OommisBion  any 
more  detailed  information  as  to  how  that  is  brought 
about ;  whether,  for  example,  it  is  brought  about  by 
organic  matter  being  destroyed  or  utilised  in  the  rapid 
multiplication  of  organisms,  or  whether  it  is  some  othei 
process  tluit  is  goinff  on  ? — ^If  I  understand  the  questicm 
lightly,  you  mean  whether  the  changes  come  about  owing 
to  the  presence  of  micro-organisms  ? 

1493.  Owing  to  their  presence,  and  owing  to  the  fact  of 
their  multiplying  rapidly.  If  they  multiply  rapidly,  I 
assume  they  wodfd  require  for  their  growth  and  sustenance 
organic  matter ;  that  organic  matter  would  be  taken  up 
in  the  process  of  multiplication,  and  that  might  lead  to 
the  breaking  down  of  the  complex  organic  compounds  into 
simpler  compounds  7 — ^What  evidence  was  given  went  to 
suggest  that  that  was  the  way  it  was  brought  about. 

1494.  Yes.  Then,  as  a  matiter  of  fact,  you  expect  to 
find  in  the  tank  effluent  a  laiger  number  of  oiiganisins 
than  in  sewage  proper?— Not  necessarily.  That  is  pro- 
oiMiy  one  of  the  points  upon  which  one  wiflhes  to  hayA 
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j}r.  3*.      fuitheir  kxiowledge.     The  contenltion  iB  ihftb  this  work  m 
TAonuon,    done  by  particular  organisms.       Sewage  contains  pre- 
"•'*•        sunmbly  a  large  (quantity  of  diverse  organisms,  of  wnich 
27  July  1896.  jjianj*  may  be  entirely  useless  for  the  purpose  of  the  pro- 
—        ces»  ;  only  a  few  probably  are  really  effective,  and  the 
result  might  be  that,  in  the  tank  effluent  you  would  get 
a  smaller  number  of  organisms  than  in  the  sewage,  yet 
those  might  happen  to  be  the  very  organisms  that  were 
wanted  ;  the  redundant  ones  may  have  been  killed  off, 
and  the  effective  ones  may  survive.     But  at  the  presewt 
moment  our  knowledge  ia  very  much  restricted  by  the 
limited  amount  of  experiment  that  has  been  made.    We 
do  not  know  how  far  that  is  the  case. 

1495.  May  I  take  it,  from  the  fact  that,  after  your  visit 
to  Exeter,  the  Town  Council  were  advised  to  pase  the 
effluent  from  the  filters  over  land,  that  on  the  experience 
derived  from  Exeter,  you  did  not  regard  the  effluent  as  a 
proper  one  to  flow  into  a  running  stream  ? — "So,  I  did  not. 

1496.  I  believe  I  am  right  in  my  sunmae  that*  until 
these  bacterioilogical  methods  of  sewage  disposal  came 
forward,  you  were  not  employed  by  the  Local  Government 
Board  in  inquiries  as  to  sewage  disposal  ? — I  was  not. 

1497.  Would  that  prevent  you  from  fonning  any  general 
ofpCnion  as  to  the  value  of  this  process  ae  compared  with 
reaHly  good  chemical  processed  ?—*Before  forming  sudh  a 
judgment,  I  should  like  to  have  intimate  knowledge  of  a 
good  many  more  facts  than  I  have  now.  I  have  a  general 
acquaintance  with  the  matter,  derived  from  a  certain 
amount  of  inspection  of  sewage  disposal  works,  and  from  a 
certain  amount  of  reading.  But  before  answering  such  a 
question  as  that,  I  should  like  to  have  an  opportunity  of 
carefully  going  into  the  Exeter  and  other  data  again,  and 
having  them  freshiy  in  my  mind  before  making  any  com- 
parison of  the  kind. 

1498.  Then  I  assume  we  may  take  it  that,  before  the 
matter  can  be  settled  as  to  whether  ttbe  septic  syabem  so- 
called  does  jprovide  an  effluent  that  ia  proper  to  go  into 
running  streams  a  great  deal  more  inquiry  and  investiga- 
tion is  necessary  ? — ^That  is  my  view. 

1499.  {Chairman.)  There  was  one  thing  I  wanted  to 
ask  you.  You  said  that  there  were  a  good  many  things  at 
Exeter  that  were  unexplained.  OouHd  you  amplify  that 
»t  all  ? — I  am  not  quite  sure  that  I  properly  understand 
your  question. 

1500.  Tour  general  position  as  regards  the  Exeiter 
syi^tem  is  that  it  does  a  good  deal,  but  that  you  are  not 
<)uite  ceitaoi  yet  how  much  it  actually  does,  or  how  much 
it  might  do? — Or  how  much  it  might  be  tructted  to  do 
unifOTmly. 

1601.  Yes.  I  think  you  said  that  on  several  points  you 
had  no  explanation  as  to  why  things  had  occurred?— -I 
did  not  understand  the  variations  in  proportion  of  certain 
chemical  constituents. 

1502.  You  referred  only  to  the  variation  in  the  ana- 
lyses ? — ^Yes. 

1503.  Do  vpu  suppose  that  the  analyses  showed  every 
«ondtDltuent  ttiat  was  in  the  effluent,  or  might  there  be 
things  in  the  effluent  which  no  analysis  could  detect? — ^It 
is  quite  possible  that  there  may  be  things  in  the  effluent 
which  analysis  cannot  detect.  I  am  afraid  that  chemistry 
does  not  give  us  quite  the  amount  of  information  we  should 
like  to  liAve  about  these  effluents  We  want  to  know  a 
little  more  about  the  quality  of  the  things  that  chemistry 
indicates.  Chemistry  teils  us  that  there  is  something 
which  it  calls  "  Albuminoid  ammonia  "  ;  we  want  to  know 
exactly  what  that  albuminoid  ammonia  is  ;  it  may  in  one 
instance  contain  a  material  which  is  liable  to  become  a 
very  offensive  material,  while  in  some  other  instance  the 
albuminoid  ammonia  may  contain  a  very  different 
material,  perhaps  potentially  a  much  less  offensive 
material. 

1504.  Then  as  regards  the  disappearance  of  the  solids, 
were  you  surprised  to  find  to  wnat  an  extent  they  did 
disappear  ? — ^I  think  I  may  say  I  was.  I  had  never,  in 
the  course  of  my  experience  or  reading,  come  across  any- 
thing analogous  to  it. 

1505.  (Professor  Bamsay,)  Might  I  ask  if  you  are  re- 
ferring to  the  septic  treatment? — To  the  septic  tank,  yes. 

1506.  (Chairman.)  Did  you  take  any  evidence  as  to  the 
question  of  temperature,  whether  in  hot  weather  or  in 
cold  weather  there  was  any  difference  ? — ^No ;  we  had 
not  any  evidence  save  of  the  most  general  sort  on  thai 
subject. 

1507.  There  is  nothing  done  in  a  hard  frost  or  any- 
thincT  of  that  sort  to  keep  up  the  temperature  is  there  ?-- 
Kothing. 

1506.  And  you  said  you  had  some  evidence  about  tL» 


destruction  of  the  disease  germs.  Could  that  evidencd 
be  separated  at  all  in  this  way,  as  to  how  far  the  destruc- 
tion takes  place  in  the  tank,  and  how  far  after  it  has  left 
the  tank  and  in  the  hlter? — That  evidence  was  actually 
given,  distinguishing  between  the  two  stages.  Wba{  pro- 
portion of  the  destruction  takes  place  in  the  tank  and  in 
the  fiCter  respectively  was  shown  as  a  laboratory  experi- 
ment. 

1509.  If  you  could  Just  give  it  us  again,  so  as  to  gel 
it  into  the  evidence,  I  think  that  it  would  be  rather  an 
advantage  ? — ^Yes.  The  experiments  were  not  so  con- 
ducted that  actually  the  organisms  of  enteric  fever  were 
placed  in  the  tank  ;  instead  of  that,  they  were  placed  m 
sewage  in  the  laboratory  under  conditions  held  to  be  the 
nearest  approximation  ih&t  could  be  easily  got  for  the 
tank. 

1510.  Yes? — ^And  experiments  were  adduced  as  show- 
ing the  length  of  time  that  typhoid  bacilli  lived  in 
sewage,  and  the  proportion  of  them  that  survived  after  a 
given  number  of  hours.  That  resulted  as  follows :  — ^That 
after  twenty-four  hours,  76  per  cent,  remained  alive. 

1511.  Remained  alive? — That  is  what  we  may  regard 
as  the  tank  experiment. 

1512.  Yes  ? — ^And  after  forty-eight  hours,  60  per  cent 
remained  alive.  Then,  after  subsequent  treatment  in  an 
artificiajl  iilter,  10  per  cent,  was  the  amount  that  survived. 
That  is  to  say,  from  30  to  40  per  cent  were  destroyed, 
under  conditions  representing  the  tank,  and  by  the  time 
they  had  passed  through  both  tank  and  filters  only  10 
per  cent  remained  ;  showing  that  of  the  60  to  70  per 
cent,  that  had  survived  the  substitute  for  the  tank,  from 
50  to  60  had  been  disposed  of  by  the  filter  beds. 

1513.  Thirty  to  40  per  cent,  were  destroyed  in  the 
sewage,  and  50  to  60  per  cent  of  the  remaining  60  or  70 
were  destroyed  subsequently  ? — ^Yes  ;  accepting  the  pro- 
cess as  the  laboratory  equivalent  of  tJie  taxik  and  filters. 

1514.  Generally  your  condusaons  would  be  that  the 
aoitLficial  filter  and  the  tank  combcned  do  a  great  deal 
towaa:ds  purification  ? — Yes. 

1615.  The  filter  at  present,  I  think,  is  c<A;e  breeze  ?— 
Furnace  slag  in  most  of  them. 

1516.  Sugpose  the  effluent  from  that  was  passed  again 
through  a  Ulter  of  a  somewhat  dLSeT&ai  material,  would 
you  1^  disposed  to  think  that  ilhaA,  would  have  a  further 
puiifying  effect? — ^Yes. 

1517.  You  would  ?— Yes. 

U518.  (Colonel  Harding.)  I  just  want  to  ask  Dr. 
Thomson  t^.  In  one  of  his  answers  he  told  us  that  the 
effluent  from  the  septic  tank  contains  in  suspension  a 
considerable  amount  of  finely  divided  black  matter  ;  and 
later  he  said  that  the  effluent  from  the  filter  beds  was  at 
first  slightly  opaCescent,  but  later  was  quite  clear.  There- 
fore, I  tiUce  it  that  the  finely  divided  block  matter* was 
ohaxiged  into  a  liquid  or  gaseous  form,  or  would  remain 
behind  in  the  filter  as  soHd  matter? — ^That  is  so,  almost 
entirely.  There  was  evddence  given  at  the  inquiry  that 
in  some  instances  a  little  suspended  matter  appeared  in 
the  final  effluent  from  the  filter  beds  ;  but  the  great  bulk 
of  the  evidence  was  to  tlie  effect  that  suspended  matteir 
was  practically  absent ;  that  is  to  say,  quite  absent,  or 
very  little  of  it. 

1519.  Was  any  evidence  brought  before  you  to  show 
whether  there  was  any  accumulation  of  this  finely  divided 
black  matter  in  the  filter  beds  ? — ^No. 

1520.  That  is,  whether  there  was  any  reduction  in  the 
capacity  of  those  beds? — There  was  no  evidence  to  thai^ 
effect  •' 

1521. (iStr  Bichard  Thome.)  Did  you  see  the  effluent 
before  it  passed  into  the  river  on  the  spot? — ^Yes,  fre- 
quently. 

1522.  What  was  the  general  condition  of  that  to  the 
eye  ? — ^To  the  eye  the  effluent  was  usually  slightly  opales- 
cent, when  the  filter  began  to  discharge,  and  for  a  little 
time  after  it  began  to  discharge  ;  gradually  it  got  clearer, 
until,  finally,  when  only  small  dribbles  were  coming  from 
the  filter,  it  was  quite  clear. 

1523.  Should  you  say  the  bulk  was  opalescent,  or  the 
bulk  was  clear? — I  should  say  the  bulk  was  opalesceni. 

1524.  So  far  opalescent,  do  you  mean,  as  to  make  it 
improper  to  enter  an  ordinary  wateroouise,  or  was  it  onlv 
slightly  so? — Only  slightly.  I  should  not  have  regarded 
that  in  itself  as  being  sufficient  reason  for  not  allowing  it 
to  enter  a  watercouise. 

1525.  Then  a  very  great  effect  had  been  produced  in 
so  far  as  the  ^ye  could  judge  ? — ^A  very  great  effect. 

1526.  (Colonel  Harding.)  Did  you  try  iirc  expeitments 
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with  the  effluent  hy  keeping  i(t  in  open  or  ckuied  bottles 
with  the  idea  of  finding  out  if  there  was  anj  aubaequenft 
deoompofiiition  or  putrefaction  7 — I  peraonaUy  did  not  do 
that ;  but  it  had  been  done,  and  evidence  was  given  ait  the 
inquiry  by  those  who  had  done  it  to  tho  effect  that  they 
had  made  these  experiments,  and  that  the  filtrate  hacl 
remained  clear  and  inoffensive.  At  the  same  time  I 
think  I  ought  to  say  that  I  am  not  sore  thait  those  experi- 
meots  are  quite  trustworthy.  AH  kibonutory  experiments 
ought  to  approximate  to  nature  as  nearly  as  possiblei, 
and  this  particular  class  of  laboratory  experiments  does 
not  approximate  at  all  to  nature.  The  sample  is  put  in 
a  bottle,  and  kept  in  a  room,  and  it  remains  there  under 
the  same  set  ot  conditions  for  an  indefinite  period,  a 
set  of  conditions  which  varies  little  save  as  regards  light. 
But  an  effluent  that  is  discharged  into  a  i:iver  is  under  very 
different  circumstances.  Tou  have  the  rise  and  fall  of 
the  river;  material  in  the  effluent  deposited  possibly 
upon  the  banks,  or  inud,  and  decomposing  ;  and  it,  to  my 
mind,  at  least,  is  not  by  any  means  certain  that  matter, 
which  in  an  effluent  is  in  "a  state  of  solution,  may  not 
under  those  circumstances  become  a^ain  in  a  state  of 
suspension.  I  know  that  at  the  inquiry  it  was  stated  to 
us  in  evidence  by  at  least  one  distinguished  chemist  that 
that  would  not  occur,  but  I  confess  to  having  some  hesita- 
tion in  accepting  that  statement.  I  do  not  think  that 
these  laboratory  experiments  are  such  as  could  settle  a 
problem  of  that  kind.  I  should  like  to  see  a  closer  ap- 
proximation to  the  conditions  of  nature  before  I  should 
be  willing  to  accept  those  experiments  as  conclusive. 

1527.  (Chairman.)  Bid  tihey  not  analyse  the  river  wwfcer 
just  bellow  where  the  effluent  was  put  clean  into  it? — 
They  had  a  bacteriological  examination  of  the  river  water 
made  there,  and  a^o  a  half  and  a  quarter  of  a  mile  down 
the  river  ;  I  cannot  recollect  whether  or  not  there  was  a 
chemical  examination  made  of  the  water  of  the  Biver  Exe. 

1528.  {Professor  Bamsay,)  It  is  a  tidal  river,  is  it  not, 
there  ? — ^Not  at  that  point ;  at  the  point  where  the  experi- 
mental works  are  aituAted,  and  ait  the  podnt  where  the 
effluent  from  these  works  goes  in,  it  is  not  a  tidal  river. 
There  is  a  weir  about  half  a  mile  below,  and  up  to  that 
weir  it  is  semi-tidal  ;  that  is  to  say,  occasionally  tidal ; 
but  above  that  weir  it  is  not  tidad. 

1529.  {Major-Oeneral  Carey.)  But  the  effluent  from  the 
land  wouild  go  into  the  semi-tidal  waters? — That  will  go 
into  the  semi-tidal  river. 

1530.(S»r  Bichard  Thome.)  In  answering  Ooioneil  Hard- 
ing as  to  the  deoompoeition  of  the  effluent,  you  said  that 
the  effluenib  remained  clear.  Boes  that  mean  to  imply 
that  for  this  purpose  the  effluent  was  taken  when  it  was 
dear,  and  not  when  it  was  opalescent? — ^Ah,  well,  the 
effluent  may  have  been  opalescent  to  begin  with.  It  was 
clear  at  the  end  of  the  experiments ;  it  may  have  been  * 
opalescent  at  first. 

1531.  Because _it  is  possible  to  imagine  that  the  opales- 
cent effluent  would  behave  differently  from  the  one  that 
is  dear  in  that  respect? — ^Yes. 

'1532.  (Mr.  Killick.)  A  dear  effluent  is  very  often  a 
very  bad  effluent.  As  you  point  out  as  it  enters  a  stream> 
it  is  liable  to  eeoondary  decompoeiiBon  ? — ^Tes- 

1533.  It  oomes  to  this,  does  it  not :  Unless  the  effluent 
is  analysed  oaref  uJly,  it  is  im||06siblie  to  teU  whiat  condition 
it  is  in,  or  what  may  hofypen  to  it?— ^eiihaps  not  always 
possible  on  analysis  alona  I  think  it  is  desirable  to 
observe  actually  wihat  does  happen  in  the  state  of  nature 
rather  than  to  collect  a  sample  and  put  it  in  a  laboratory. 
I  have  had,  on  more  than  one  occasion,  laboratory  samples 
of  that  kind  under  my  notice,  and  I  have  subsequently 
looked  at  the  stream  into  which  the  effluent  was  dis- 
charging, and  found  the  stream  in  a  foul  condition  from 
the  very  effluent  that  had  produced  samples,  kept  in  the 
way  I  have  described,  that  really  appeared  to  be  very  good. 

1534.  A  satLS&ctory  effluent  would  depend  entirely 
upon  the  effluent  itsedf,  and  upon  the  chairacter  of  the 
stream  into  which  it  was  dischaiged  ?— -I  think  that  is  a 
thing  which  ought  to  receive  consideration.  An  effluent 
might  create  no  nuisance  in  one  stream,  yet  it  might  create 
a  great  nuisance  in  another  one.  It  depends  partly  on  the 
size  of  the  stream,  and  partly  on  the  character  of  the 
stream. 

1535.  The  swiftness  of  the  stream  ? — ^Probably  on  the 
amount  of  oxygenation  of  the  water  as  much  as  anything, 
and  on  the  bulk  of  the  water  relatively  to  t^e  bulk  of  the 
tffloent* 

1536.  And  also  the  question  oi  the  effluent  passing  into 
Irah  water,  and  passing  into  the  tideway,  would  deserve 
oQiMideDBtaon,  as  the  effect  would  be  very  different?-— 
Yea,  that  also,  because  probably  the  conddtions  of  salt 
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water  as  affecting  the  life  of  micro-organisms,  and  possiUy 
as  regards  chemical  change,  are  different  ^om  those  in 
fresh  water. 

1537.  (Major-General  Carey.)  Salt  water  would  tend 
to  preofirve  it,  would  it  not,  from  the  pollution,  or  prevent 
it  bedng  oxidjsed  by  the  oxidation  of  the  water?-— I  am 
not  quite  sure  how  far  that  is  so.  As  regards  micro-organ- 
isms of  certain  sorts,  at  all  events,  they  can  live  for  a  oon- 
axleiraible  j>eriod  in  salt  w«d)er.  I  am  not  prepared  to  say 
as  to  tho  relative  effects  ohemically  of  salt  water  and  freali 
water  on  the  effluent- 

1538.  (Mr.  Killick.)  That  wouM  delay  secondary  de- 
composibion  a  sufficiently  long  time  to  allow  the  effluent 
to  pass  away  ? — ^Possibdy.  I  do  not  feel  myself  justified 
in  saying  much  about  that ;  it  is  not  a  thing  I  have  had  an 
opportunity  myself  of  stwiying.  I  think  it  is  a  thing 
which  requires  to  be  ccmsidered,  but  I  am  afraid  I  am  not 
competent  to  express  any  opinion. 

1530.  (Chairman.)  Ton  did  not  get  any  particular  vafo- 
abile  resuks  from  the  analyses  of  lihe  river  water  at  Exeter? 
— ^Fiom  the  biological  examination?  y 

1540.  Yes? — ^No,  because  those  experiments  were  really 
intended  to  show  what  the  effluent  did  to  the  river  water 
in  the  way  of  poUuting  it.  But  the  river  water  also  rec^ved 
the  whole  seiwage  of  Exeter  untreated,  except  that  por- 
tion treated  at  the  experimental  works.  And  atso,  I  ought 
to  say  that  the  experiments  were  too  few  in  number  to 
atford  basis  for  drawing  conclusions.  There  was  one  pait 
of  the  experiments  which  one  might  have  expected  useful 
knowledge  from — where  the  final  effluent,  before  it  had 
passed  into  the  river,  was  injected  into  guinea  pigs — I 
believe,  without  evil  result.  But  the  experiments  were 
only  two,  I  think,  and  that  is  too  small  a  number  to  form 
any  estimate  upon. 

1541.  Injected  into  what  ? — Ouinea  pegs  or  rabbits,  my 
memory  does  not  serve  me  to  say  which. 

1542.  (Professor  Bamsay.)  May  I  ask  if  the  only  filter- 
ing medium  used  at  Exeter  is  furnace  slag? — In  four  out 
of  five  fiilter-beds  it  is  furnace  slag,  and  in  the  fifth  coke 
breeze. 

1543.  Have  you  any  idea  whidh  purifies  best? — ^There 
was  not  any  evidence  given  at  the  inquiry  to  show  wiiich 
of  tflie  two  purified  he^ 

1544.  Another  question  I  want  to  ask  as  regaixls  the 
temperature.  You  say  that  there  is  no  record  kopt  of  the 
temperature  in  the  septic  tank,  but  do  you  know  if  it  is 
higher  than  the  atmosphere?  Is  the  septic  process  one 
winch  devdops  heat? — J.  am  afraid  that  if  I  said  there  ww 
no  reooid  kept,  I  went  further  than  I  intended.  I  sh<yiiU 
not  like  to  say  that,  because  there  had  been  some  notes 
taken  of  the  temperatures  of  the  contents  of  the  tanks ; 
but  there  was  no  systematic  evidence  laid  before  us  as 
regards  the  relation  between  the  temperature  and  tSie 
effect  on  the  sewage.     That  was  what  I  meant  to  say. 

1545.  I  quite  underhand  that,  as  regards  the  time  ol 
tiie  year,  but  do  you  happen  to  know  whether  it  was 
found  out  whether  the  temperature  of  the  filter  was  hig^ 
than  that  of  the  air,  or  not  7 — I  am  not  sure  albout  that. 

1546.  Of  course,  in  the  ordinary  decomposidion  of  manun 
the  temperature  rises  very  laigely  ?— I  do  not  think  thero 
was  any  evidence  given  as  to  the  temperature  of  the  tank 
contents  as  compared  with  the  temperature  of  the  adr.  I 
believe  we  had  one  statement  made  to  us  as  regards  tbe 
temperature  of  the  tank  contents  and  the  incoming  sewage. 

1547.  That  would  be  the  same  sort  of  thdng  ?— That,  I 
believe,  was  stated,  but  I  am  afraid  I  cannot  at  this 
moment  find  the  reference. 

1546.  (Dr.  Bussell)  About  those  typhoid  bacilli.  You 
are  aware  that  a  yerv  laige  propoition,  especiaMy  in  our 
towns,  of  the  typhoid  fever  TVliioh  exidto  in  the  oountiy  is 
treated  in  hospital? — ^Yes. 

1549.  Can  you  say  anything  as  to  what  is  done  in  the 
wiay  of  endeavouring  to  take  advantage  of  that  oppcHtunity 
for  diainf  eciting  the  sewage  to  kill  those  typlhoid  bacilli 
before  they  are  allowed  to  escape  from  the  hospital  ?-^You 
mean,  in  wihat  proportion  of  instances? 

1550.  Do  f  ou  think  there  is  any  effective  attempt  made 
by  any  hospital  that  you  know  to  disinfect  the  sewage 
whidh  is  disdiazged  into  the  puiblic  sewem? — ^I  believe 
some  of  them  attempt  to  do  so,  but  I  hesitate  to  say  how 
far  it  is  effective. 

1551.  That  is  the  point.  Do  you  think  thiat  any  proceaa 
tiiflt  we  can  use  is  likdy  to  be  effective?— Ht  is  a  rery 
difficult  thing  to  do — ^in  practice,  I  mean. 
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j}r.  T,  1552.  Ab  n^^aids  Ui«  postdon  of  typhoid  fever  Whicih  is 

TAofiMon,   4B«a4)ed  at  hoooei^  I  suppooe,  really  ^eone  ia  no  effective 
!^'       dnbfedion  takes  place  in  ibei  case  a;b  all?— I  should  saj 
t7  July  1808.  in  a  very  small  proportion. 

1553.  Tes.  So  thai,  -wliieirever  you  have  domeetic 
sewage,  especdally  in  Idie  town^,  it  must  have  every  dhonce 
of  being  fuU  of  typihoid  bacilli — ^WeU,  ait  all  events,  I- 
think  one  may  say  tiiat  at  certain  periods  of  tibe  year  theiire 
would  probably  be  a  good  deal  of  infective  material  in  the 
sewers. 

1554.  Onlj  speaking  from  pemonal  reeoUeotnon  of  my 
dbservBltion  of  what  has  been  done  in  the  w&y  of  practical 
expesimente  with  refeirence  to  the  haibits  and  condl^tLoos 
which  govern  the  vitality  of  the  typhcdd  baotHus,  my 
impreslBion  is  that  one  or  two  poisuts  'h»ve  been  experi- 
mentally deared  up,  and  that  ome  is  Idiat  tibe  typhoid 
bacillus  fares  very  badly  in  domertic  sewago? — Thero  have 
been  a  good  many  experimeoits  on  that  point,  I  belieive, 
and  they  do  not  quite  agree.  But  I  thank  one  may  take  it 
tihat  in  the  main  the  experiments  go  to  i^ow  that,  after  a 
time,  the  lyphoid  fever  bacilbis  does  disappear  from  raw 
sewage  in  which  it  is  kept. 

1555.  They  have  to  encounter  an  enoimoiiB  rivaky  of 
other  bacteria*  whioh  is  not  conducive  to  thedr  vitality? — 
That  is  a  theory  put  forward  to  account  for  the  fact  that 
they  do  disappear. 

1556.  Then  there  is  another  point  which  seems  to  be  in 
my  reooHection,  thtat  the  typhoid  bacallus  ceitaSnly  does 
muMply  in  polluted  soil? — ^Tes. 

1557.  That  beong  so,  it  seems  to  folkyw  that  in  all 
prooesses  you  have  got  t^at  queeihion  to  oonsSder,  as  to 
what  is  the  fate  of  the  iyphccd  bacillua  in  aill  processes  for 
deailing  with  domestic  sewage  7— Yes. 

1558.  It  is  not  merely  with  regard  to  the  bacterio- 
logicatl  method,  but  artificial  filtration  and  land  filtration, 
and  precLpiiation,  and  the  whole  category? — Yes. 


1559.  And  if  the  bacillus  multiplies  in  polluted  soil, 
there  is  a  presumption  as  a^inst  land  filtration? — ^That 
is  cue  of  those  things  regarding  which  (Mie  would  wish  to 
see  experiments ;  because  if  the  theory  be  accepted 
that  it  is  the  presence  of  other  oiganzsms  that  are  un- 
favouirable  to  the  continued  exisiteoce  of  the  typhoid 
baciMus,  one  would  expeot  that  in  pofluted  sodl  the  enteric 
fever  bao^Uus  should  cease  to  exist  In  other  words,  I 
am  not  disponed  to  accept  any  proposiition  of  the  k^d 
unless  I  httve  actual  experiment  to  show  me  what  happens. 
It  id  extremely  difficult  to  draw  such  an  inference  in  oar 
present  state  of  knowledge,  because  there  are  probably  so 
many  things  affecting  the  life  history  of  the  enteric 
fever  bacillus  of  which  we  are  quite  ignorant.  I  do  not 
care,  tiierefore,  to  go  beyond  the  imerence  which  may 
be  drawn  from  actual  expedrnients  conducted  in  a  paiti- 
cuilar  case. 

1560.  At  any  rate,  the  issue  in  my  mtnd  is  this^  and  I 
think  proibaihly  you  will  agree  with  me,  that  you  cannot 
assume,  because  we  hear  so  much  of  bacteria  in  connec- 
tion with  biological  filtration  for  town  sewage,  that  it  is 
tihere  ailone  the  question  of  wfhat  is  the  uthunate  fate  of  the 
typhoid  bacillus  arises?— No.  That  is,  as  regards  the 
artificiaii  filtration  of  sewage,  only  a  part  of  the  problem, 
just  as  it  is  with  any  other  treatment  of  sewage. 

1561.  (&%r  Bichard  Thome.)  May  I  ask  you,  with  regsitd 
to  this  trade  refuse  question,  whether  there  is  not  some 
evidence  to  show  that  excessive  moisture  in  soil  is  not 
favourable  to  the  growth  of  the  typhoid  bacillus  ?  Is  it  n^  t 
rather  a  small  amount  of  moisture  such  as  would  hardly  be 
represented  by  land  which  is  under  irrigation  which  is 
favourable? — To  the  extent  of  showing  that  excessive 
moisture  is  unfavourable,  yes ;  but,  there  again,  I  have 
t-he  same  difficulty  when  you  apply  this  principle  to  a  par- 
ticular instance.  Unless  that  particular  instance  is  pre- 
cisely on  all  fours  with  the  experiments  conducted,  I 
should  hesitate  to  draw  a  conclusion. 


SIXTH    DAY. 


Tfmrf^day,  28th  July,  1898. 


PRESENT  : 

The  Earl  of  Iddesleioh  {Chairman^  presidtn//). 


Professor  Michael  Foster,  f.r..s. 
Professor  William  Ramsay,  f.r,8. 
Major-Gen.  Conktantine  Phipph  (Jarky. 
Dr.  James  Burn  Russell. 


Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 


Mr.  F.  J.  Willis  (Sen-etar^/). 


Mr.  w.  s. 

Crimpf 

1I.I.C.I.         1662.  (Chairman,)  I  believe  you  are  a  C^vil  Engineer 
28Jairi808  practising  at  27,  Great  George  Street,  Westminster?— 
■  Yes,  I  am. 

1562.  And  that  you  have  had  twenty-five  years'  ex- 
perience entirely  devoted  to  municipal  engineering 
work,  that  you  are  a  member  of  the  Institution  of  Civil 
Engineers,  a  member  of  the  Board  of  Examiners  of  the 
Municipal  and  County  Engineers,  a  Fellow  of  the 
Sanitary  Institute  and  of  the  "Rojsl  Meteorological  Society, 
and  t^t  you  had  charge  for  twelve  years  of  sewage  dis- 
posal works,  namely,  eight  years  at  Wimbledon,  and 
four  years  as  one  of  the  district  engineers  to  the  London 
County  Council,  in  charge  of  the  engineering  works  on 
the  north  of  the  Thames,  including  t^e  outfsSi  works  at 
Barking  ?— That  is  so. 

1564.  That  your  firm  has  advised  104  public  bodies 
on  matters  relating  to  sewerage  and  water  supply,  among 
those  bodies  being  the  Corporations  of  Glasgow,  Man- 
chester, Salford,  West  Bromwich,  Shrewsbury,  Bridg- 
north, Rochester,  Taunton,  Tiverton,  and  Bristol, 
together  with  a  large  number  of  Urban  and  Rural  Dis- 
trict Councils? — ^That  is  so. 

1565.  I  believe  you  have  had  practical  experience  m 
the  treatment  of  sewage  on  land  and  by  means  of  arti- 
ficial fiHersI— I  have. 


Mr.  W.  Santo  Crimp,  M.I.O.E.,  called;  and  Examined 


1566.  By  chemical  processes,  and  also  carried  out 
works  for  discharging  the  sewage  into  the  sea? — That 
is  sa 

1567.  Now,  with  regard  to  the  flow  of  sewage  to  the 
works,  can  you  give  us  some  notes  on  the  manner  in 
which  sewage  is  discharged  at  the  outfall  under  varying 
circumstances? —  I  think  it  is  best  to  begin  with  the 
gravitation  systems.  There  is  a  distinction  to  be  drawn 
between  gravitation  systems  and  those  in  which  the 
sewage  is  pumped.  I  can,  and  would  prefer  to,  begin 
with  gravitation  svetems.  These  ma^p-  be  divided  into 
two  classes — ^firsuy,  those  in  which  the  sewage 
and  rainfall  are  carried  off  by  the  same  intern, 
as  is  the  case  in  London,  Glasgow,  Bristol,  Manchester, 
and  most  of  the  large  towns;  and  secondly,  those  in 
which  the  so-called  separate  system  is  in  operation,  with 
regard  to  which  it  may  be  said  that,  as  a  general  rule, 
the  street  water  and  the  water  from  the  fronts  of  the 
houses  is  excluded  from  the  sewage  system,  but  the  rain- 
fall from  the  back  roofs  and  yards  is  generally  admitted. 
In  the  case  of  the  first-mentioned  system,  the  wet- 
weather  fiow  may  exceed  the  the  dry-weather  by  upwards 
of  100  times,  and  storm  overfiows  are  arranged  upon  the 
system  at  suitable  points,  by  means  of  which  the  excess 
over  a  certain  quantity  is  discharged  into  the  nearest 
watercourse.     In  designing  works  of  this  kind,  the  out- 
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fflji  sewers  are  of  varying  capacities,  according  to  jocal 
circumstances.  As  a  general  principle,  the  jutfall 
sewers  of  a  verj  large  system  like  that  of  London  ui&y 
bo  of  less  capacity  relatively  than  those  of  smaller  townb, 
because  the  maximum  flow  from  those  parts  of  Oie  dis- 
trict' remote  from  the  commencement  of  the  outfall  sewer 
does  not  arrive  until  after  the  maTimum  flow  of  those 
portions  nearer  the  head  of  the  sewer  has  passed  off. 
The  London  northern  outfall  sewers  can  carry  off  about 
tliree  times  the  present  dry-weather  flow,  but  in  smaller 
systemis  it  is  usual  to  provide  a  carrying  capacity  equal 
to  about  five  or  more  times  the  dry-weather  flow,  and 
as  outfall  works  usually  contemplate  dealing  with  the 
sewage  of  a  larger  popmation  than  that  draining  into  it 
when  the  works  are  completed,  the  carrying  capacity  may 
reach  as  high  as  ten  times  the  dry-weather  flow.  Deal- 
ing next  with  the  second  class  of  works,  about  the  same 
provision  is  usually  made  in  designing  the  main  outfall 
sewers.  The  matter  is  of  some  importance  as  relating 
to  sewage  disposal,  because  in  the  largest  systems — as 
well  as  in  the  smallest — ^the  outfall  sewer  may  become 
full>  charged  within  the  space  of  fifteen  minutsa.  I 
have  known  that  in  the  case  of  the  large  northern  outfall 
in  the  case  of  a  heavy  fall  of  rain,  fifteen  minutes  after 
the  rain  has  made  its  appearance  in  the  sewer,  the  sewer 
has  become  fully  charged,  and  in  such  cases,  unless  the 
sewage  disposal  works  are  designed  with  that  contingency 
in  view,  thev  must  inevitably  fail  to  perform  their  func- 
tions propeny.  I  consider  that  this  question  is  of  very 
great  importance,  because  in  laboratory  experiments  no 
account  is  taken  of  the  circumstance.  In  these  experi- 
ments the  sewage  is  usually  treated  with  great  exactness. 
If  chemicals  are  employed  the  exact  dose  can  be  accu- 
rately measured,  the  proper  period  of  rest  can  be  given 
for  the  deposition  of  the  suspended  matters,  and  t^e 
supernatant  liquid  can  be  drawn  off  in  such  a  manner  as 
not  to  disturb  the  sludge,  or,  if  experiments  are  made  in 
the  same  way  with  artificial  filters,  the  same  exactness 
obtains,  and  no  account  is  taken  of  the  greatly  varying 
conditions  under  which  the  sewage  arrives  at  the  disposal 
works  under  ordinary  circumstances.  Being  indoors, 
the  experimental  apparatus  employed  is  not  subject  to 
the  vicissitudes  of  weather,  and,  as  a  general  result, 
works  based  upon  the  experience  gained  in  the  manner 
suggested  are  frec[uently  ineffectual.  Under  ordinary 
circumstances,  agam,  the  sewage  arriving  at  the  disposal 
work  varies  in  volume  and  in  quality  at  different  hours 
of  the  day,  which  is  another  disturbing  factor.  In 
a  table  which  I  prepared  for  my  work  on  Sewage  Dis- 
posal, I  give  the  discharges  during  various  periods 
of  time,  the  dry-weather  fiow  being  that  referred  to  in 
the  table.  One  inference  that  may  be  drawn  from  the 
table  is  that  where  there  is  leakage  in  the  sewers,  as,  for 
example,  at  Aylesbury,  there  is  a  tendency  for  the  flow 
to  become  equalised. 

1568.  What  observations  would  vou  like  to  offer  with 
regard  to  those  cases  where  the  sewage  is  pumped? — 
These  cases  may  be  divided  into  two  sections.  In  the 
first  jAace,  in  large  towns  where  pumping  is  carried  on 
day  and  night,  the  volume  pumped  approaches  very 
closely  the  normal  flow  of  sewage,  and  in  those  cases 
there  is  no  material  difference  as  regards  rate  of  flow  to 
the  outfall  works  between  those  towns  and  the  ordinary 
gravitation  systems;  but  in  the  smaller  towns,  where 
the  sewage  is  all  pumped  during  the  day,  and  a  storage 
tank  is  provided  for  the  night  flow,  the  circumstances  are 
different,  because  the  sewage  is  as  a  rule  discharged  at 
tlie  sewage  disposal  works  between  the  hours  of  6  a.m. 
and  6  p.m.,  but  not  continuously  during  that  period,  as 
the  pumping  machinery  is  ifeually  constructed  in  dupli- 
cate in  order  to  deal  with  a  certain  proportion  of  the  rain- 
fall and  in  case  of  breakdown »  and  each  set  is  usuaUy  suffi- 
cient to  pump  the  dry-weather  flow  in  about  six  hours, 
80  that  the  two  sets  when  working  together  can  pump 
eight  times  the  dry-weather  flow.  This  factor  has 
to  be  considered  in  designing  outfall  works,  so  that  the 
sewage  can  be  properly  purified  when  the  maximum  flow 
is  delivered  at  the  works. 

1569.  What  is  the  general  effect  of  the  varying  condi- 
tions to  which  you  have  referred  ?— The  general  effect 
is,  that  works  which  receive  the  sewage  from  a  pumping 
station,  have  to  be  larger  than  those  in  which  the  sewage 
is  discharged  by  gravity  during  the  whole  of  the  twen^- 
four  hours.  I  am  sorry  I  have  not  been  able  to  extend 
that,  but  I  have  been  at  an  inquiry  at  Croydon  during 
the  past  three  days. 

1570.  Oh,  I  think  these  general  questions  will  be  very 
interesting.  What  we  should  like  to  ask  is,  if  you  would 
give  us  the  experience  first  of  all  of  the  different  classes 
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of  soil  that  are  used  for  sewage  disposal  and  the  popula-  jur.  w.  s. 

tion  in  such  soils  ? — WeU,  my  Lord,  I  would  prefer  to  Crimp, ' 

begin  with  the  best  class  of  soil  I  think,  and  woric  down  ''•^•^•*- 
to  those  that  are  really  not  suitable  at  all.      The  best  28Juiyisw. 

class  of  soil  that  I  have  found  anywhere  for  purifying  

sewaee  is  the  alluvium  found  in  most  river  valleys ;  not 
in  all,  of  course. 

1571.  In  some  river  valleys? — ^In  most  river  valleys. 
The  Thames,  for  example.  There  are  many  square  miles 
of  beds  of  these  river  gravels  in  the  Thames  valley 
which,  when  above  fiood  level,  are  extremely  weU 
adapted  for  the  purpose.  The  best  soil  I  know  usually 
consists  of  about  fifteen  inches  of  good  porous  top  soU 
and  under  that  a  bed  of  gravel.  That  I  consider  the 
very  best  soil,  and  I  place  the  population  limit  in  rather 
a  different  way  from  that  in  which  it  has  been  done  as 
a  rule.  My  experience  is,  that  it  is  a  question  of  gallons 
per  square  yard  quite  as  much  as  persons.  Now,  in  one 
of  the  farms  that  I  have  had  an  opportunity  of  examining 
very  carefully  with  regard  to  this  matter  having  this  very 
first  class  soil,  I  find  that  that  soil  would  purify 
effectually  sewage  effluent  after  it  had  been  clarified  at 
the  rate  of  30,000  gallons  per  acre  per  day  constantly 
without  becoming  sewage  sick,  but  that  was  its  limit. 

1572.  30,000  gallons  per  acre  per  day  after  it  had  been 
Clarified? — ^After  clarification  in  settling  tanks.  That 
was  the  maximum  amount  of  liquid ;  you  can  regard  it  as 
sewage  effluent  or  simply  as  liquid;  but  that  was  the 
maximum  amount  of  liquid  that  would  pass  through  the 
soil  and  admit  of  the  the  soil  draining  itself,  so  as  not  to 
become  sewage  sick. 

1573.  That  being  the  very  best  soil  you  know? — ^That 
being  the  very  best  soil  I  have  ever  found.  It  follows 
from  that  that  if  your  average  sewage  flow  is  thirty  gallons 
per  head  per  day,  you  woidd  be  having  1,000  people  to 
the  acre ;  but  if,  on  the  other  hand,  owing  to  the  leaky 
condition  oif  the  sewers,  the  sewage  flow  amount  to  sixty 
gallons  per  head  per  day,  you  are  only  putting  on  the 
Rewage  of  500  people  to  the  acre.  If  you  could  find  a 
place  where  the  sewage  fiow  is  as  low  as  twenty  gallone 
per  acre  per  day,  then  you  would  have  a  larger  number 
of  persons  per  acre  relatively  ;  but  in  my  view  it  is  moat 
important  in  aU  these  cases  that  the  volume  of  sewage  per 
acre  should  be  one  of  the  standards,  and  a  more  impor- 
tant standard  than  the  number  of  persons. 

1574.  When  you  say  darifiostbion,  you  mean,  merely 
paasring  throug*}!  setblHng  tanks? — ^After  having  been 
dhemically  treated,  in  which  it  had  been  chemically  treated 
first,  and  practioaly  all  the  suapended  matter  removed, 
and  then  the  clarified  effluent  applied  to  land. 

1575.  Tliat  is  what  happens  with  your  very  best  soil  7 — 
That  ifi  what  happene  with  my  very  best  eoiL 

1576.  Then  would  you  go  on  to  your  next  class  of  soil? 
— Yes,  my  Lord.  Of  course,  we  get  an  infinite  series  of 
gradations  between  that  and  the  eoLl  where  you  should 
draw  the  downward  limit,  and  we  usually  regard  clay 
as  being  at  the  otner  extreme. 

1577.  Yes? — ^That  is  to  say  when  we  get  to  a  clay 
we  know  perfectly  well  taat  we  have  to  limit  our  number 
of  gaJikine  per  acre,  or  people  per  acre,  very  considerably. 
My  experience  wiiSti  regard  to  clay  soil  has  been  mostly 
derived  at  Wimbledon,  where  I  had  charge  of  a  farm  for 
eight  yeaiB,  and  tliat  farm  is  74  acres  in  extent,  and  I 
should  say  that  60  acree  at  least  are  pure  London  clay. 

1578.  Where  was  this  at— Wimbledon  ?— Wimbledon. 
60  acres,  I  should  say,  out  of  the  74  would  be  pure 
Ix)ndon  cJay  ;  port  of  it,  in  tact,  was  an  odd  brick-yani  aA 
one  time  before  I  adapted  it  to  its  present  purpose.  Now, 
on  clay  soils  I  have  had  experience  in  other  parts,  whioh 
I  could  give  you  if  necessary — I  do  not  Inum  that  it  mil 
be — ^but  on  clay  eotls  the  number  of  galUons  per  acre  tbMt 
you  can  purify  depends  entirely  upon  the  depth  of  top 
soid.  There  is  on  eveiy  field  a  certain  depitii  of  top  sofl 
which  is  porous,  and,  therefore,  contains  vast  numbecB  of 
the  organisois  which  we  know  now  are  the  agents  wh£ch 
purify  the  sewage,  and  there  is  a  rough  sort  oFpropoition 
which  can  bo  formed  as  to  the  amount  of  sewage  w*hioli 
can  be  purified  on  cky  soile  by  ascevtmning  the  depifli  of 
the  friable  porous  top  portion.  If,  for  example,  the 
depth  is  six  inches,  jt  will  purify  about  one  sixth  oi  the 
30,000  gaUona  that  I  have  already  given  you,  that  beii^ 
one«ixth  of  three  feet,  and  I  put  it  in  that  way,  because 
we  know  now  that  nearly  all  the  purificatfeon  that  is  done, 
even  on  porous  sotl,  is  done  on  the  top  th^se  feet.  If 
there  is  only  four  inches,  then  you  can  only  put  on  one- 
ninth  ;  i(,  on  the  other  hand,  you  con  do  as  we  have  done 
at  Wimibledon,  increase  the  porosity  of  the  top  soil  to  a 
depth  of  something  like  fifteen  inches  by  the  admix:bare 
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Mr,W.S.   of  ashes,   we  put  on  an  enormous  amount  of  screened 

CWii^  '   town  aahee  there,  and  we  have  got  now  about  fifteen  to 

*±?:"'     oigihteeBi  incihes  o*  this  very  |>otoub  top  soil,  and  as  a 

S8  jQlyiSBB.  result  we  can  go  up  to  7,500  gaUons  per  acre  on  our 

Wimbladon  sal  at  the  preeent"^  moment.    That  A  otm- 

Bider  is  about  as  far  as  we  shall  be  likely  to  got,  beoauae 
we  have  to  cease  putting  our  ashes  on  th<e  farm  at 
Wimbledon,  and  bum  our  atfhes  in  the  refuse  desfcruobor, 
but  I  have  no  doubt  wihatever  that  if  we  did  oontinue  the 
system,  and  got  a  greater  deptlh  of  this  porous  medium 
on  the  top  we  should  be  able  to  put  on  a  kuger  proportion 
per  acre. 

1579.  Do  you  consider  there  is  no  difference  whotiher 
iihe  land  is  grass  or  amble  land? — ^I  think  that  where  you 
get  anything  like  these  quantiities  that  I  am  referring  to, 
7,500  gallons  per  acre  per  day,  the  ciops  wouM  be  very 
much  limited  in  character  ;  you  will  be  practioally  Kmited 
to  rye  grass,  to  mangels,  and  perhaps  to  oabbages,  be- 
osose  of  tflie  laiige  volume  of  liqiud  that  is  applied. 

1580.  What  I  mean  is  this,  if  you  have  arable  land, 
the  land  is  ploughed  up  every  year,  if  you  have  grass 
land,  the  surface  of  tihe  land  is  not  disturbed  ? — ^Well,  in 
the  case  of  rye  grass,  we  plough  every  otiher  year. 

1581.  I  see  ?— We  sow,  say,  in  the  spring,  and  we  get 
five  cuttings  the  finA  yeaar,  and  five  or  slx,  depending  on 
the  seasons,  the  second  year,  and  then  we  consider  that 
gcasB  is  worn  out.  We  then  plough  in  the  winter,  as  a 
fuHe — a^  t>he  commencement  of  iihe  winter,  and  we  allow 
the  land  to  lie  exposed  to  the  influences  of  the  weather  all 
through  the  winter.  In  the  spring  we  sow  with  rye  grass 
again,  or  perhaps  we  change  to  mangeSs. 

1582.  You  do  not  think  that  if  it  was  left  in  permaneoit 
paeiture  the  land  wouiu  be  able  to  take  up  as  mucn  sewage  ? 
—Oh,  nothing  like  it. 

1583.  As  it  does,  if  it  is  ploughed  ?— I  think  about  3,000 
gaillons  per  acre— 3,000  to  4,000  gallons  per  acre  would  be 
•bout  the  L'jmit  there,  depending  on  the  amount  of  surface 
soil  you  find  there  to  begin  with- 

1584.  Then  in  '^ennanent  pasture  the  amount  would 
be  very  much  less? — Much  less.  I  migiht  follow  that 
remark  by  saying  that  I  have  observed  with  permanent 
pasture,  where  some  large  quantities  of  sewage  have  been 
applied,  that  the  finer  grasses  are  altogether  destroyed, 

1585.  Are  altogether  destroyed  ?— AJtogetiher  deeftroyed, 
and  in  place  of  the  fine  graas,  you  get  a  coarse,  rank  grass, 
wath  an  immense  amount  of  coltsfoot,  and  so  on.  As 
permanent  pastures,  you  may  say,  they  are  ruined  th^ 
moment  a  large  amount  of  sewage  is  treated  there.  I 
observed  that  more  particularly  at  Wamuindter.  I  have, 
of  course,  observed  it  in  other  cases  as  well. 

1586.  Would  you  give  us  your  experience  of  artificial 
filters,  and  ae  to  their  neoesacity,  or  otherwise  ?-r^Before  we 
leave  the  clay  soils  may  I  say  a  word  or  two  about  the 
under  drainage  ? 

1587.  Tes,  nlease? — ^I  ^oidd  like  to  point  out  also  that 
tihe  slope  of  tJhe  surface  has  a  good  deal  to  do  with  it.  I 
had  one  very  troublesome  sewage  farm  to  cure.  It  was  a 
great  nudsance,  and  did  not  do  its  work  properly  ;  that 
iras  at  SQiepton  MaHet,  where  the  sewagq  fairm  was  on  the 
Kuyper  Marl,  which  is  practioally  clay,  and  there — ^Idid 
not  commence  this  work  mysetlf,  the  work  of  levelling — 
the  farm  was  a  long  narrow  strip,  down  the  side  of 
the  valley,  with  a  very  steep  slope  indeed,  and  the  effect 
of  appdyinc  sewage  to  that  very  steep  land  was  that  it  ran 
off  llhe  sunace,  without  becoming  purified.  Well,  then  a 
laoge  stone  wall  was  built  right  down  through  the  middle 
of  the  farm,  iust  liKe  a  retaining  waH,  and  that  land 
iras  laid  out  then  in  two  terraces,  and  the  alteontion  of 
tiie  slope  there,  combined  with  other  works  that  were 
done,  and  improvements  of  various  kinds  that  were  carried 
out,  hod  the  desired  effect,  and  that  fann  has  been  doing 
its  work  perfectly  well  since  those  altenvbions  were  made  ; 
80  lihat  the  idope  has  to  be  considered. .  And  then,  again, 
tihere  is  another  thing,  which  has  been  rather  common, 
and  even  now  I  find  in  some  cases,  where  I  occasionally 
baye  sets  of  plans  referred  to  me  in  competition  schemes 
to  report  upon,  that  man^  of  these  plans  have 
selected  perhaps  the  only  soil  which  is  to  be  found,  which 
iisippeDS  to  be  clay,  and  many  of  the  engineers  who  pre- 

'  pare  these  pdans  put  in  a  number  of  under-drains.  Weil, 
tf  jou  want  to  ruin  »  clay  farm,  you  oan  do  it  quite 
readily  by  under-draining  it,  because  yon  cannot  by  any 
poaBibiOdty  convert  an  impervious  bed  of .  day  into  a 
penrkws  bed  by  puling  in  under  drains  at  intervals  of 
half  a  dhain  or  so  apart.  What  really  does  haj^en  in 
inch  cases  is  to  cause  the  ground  to  crack  even  more  so. 


far  more  so,  in  faot,  than  it  would  do  naturally.  The 
sewage  then  passes  down  the  cracks  inio  the  sub-diains, 
and  goes  away  unpurified,  so  that,  unHeas  you  can  do  as 
we  have  done  at  Wimbledon  to  some  small  extent,  and  as 
halB  been  done  more  recently  at  Leicester,  un^less  you  oan 
bning  those  drains  out  on  to  the  surface  of  your  sewage 
farm  lower  down,  where  you  can  re-«pply  the  sewage  after 
it  has  come  out  of  these  drains,  under-dn£ning  is  a  mis- 
take in  clay  lands.  If  clay  lands  are  under-drained,  it 
should  be  done  with  the  greatest  of  care,  and  places  gAiouM 
be  looked  at  where  under-dsai'ning  has  been  done,  and  the 
result  very  carefully  examined  into. 

1588.  Then  you  would  condemn  the  under  draining  of 
day  altogeither  ? — Absolutely,  unless  you  can  do  as  I  say 
has  been  done  at  Wimbledon,  and  more  recently  at  Lei- 
cester, where  you  put  in  a  limited  number  of  under- 
drains,  bring  the  effluent  ut>  to  the  suifaoe  again  on  your 
own  land  lower  down,  and  do  not  disdhaage  it  straight  into 
a  brook. 

1589.  That  is  not  under-draining  land  where  the  effluent 
gets  on  to  the  land  again  ? — We  put  the*  effluent  on,  and 
then  if  you  happen  to  get — ^in  some  of  those  clay  soils  you 
get  land  that  is  not  absolute  clay — there  is  a  certain 
amount  of  sand  mixed  with  it,  and  it  ^eoomes  perhaps 
changed  into  brick  soil ;  in  such  cases  as  that,  under- 
diains  ml!gM  be  of  service  to  you  if  the  land  has  a  ten- 
dency to  remain  wet.  but  even  in  that  case,  it  is  moiA 
essential  that  the  under-drainage  ahould  be  brought  out 
at  a  lower  point  on  your  own  farm,  where  it  may  be  re- 
applied and  finished — finished  on  the  surface  of  the  land 
lower  down. 

1590.  Where  it  should  be  further  treated  ?— *It  has  to 
be  finished,  my  Lord. 

1591.  Do  I  understand  you  to  say  that  if  you  under- 
drain  clay  land  the  sewage  will  only  enter  the  drain 
through  the  cracks  in  the  soil? — ^That  is  so,  unless  the 
clay  happens  to  be  of  a  rather  sandy  character,  when  some 
of  it  might  naturally  filter. 

1592.  Of  course,  there  are  clays  and  clays  ? — ^There  are 
dsys  and  ckys. 

1593.  Would  you  give  us  your  expeolenoe  of  artificial 
filteis,  and  as  to  the  necessity,  or  otherwise,  for  clarifying 
the  sewage  before  i<.  is  placed  on  the  fiJtere? — ^The  first 
filkers  I  made  for  the  purification  of  sewage  on  a  laxge 
scale  were  made  when  I  was  acting  as  resident  engineer 
for  Mr.  Baldwin  Latham  at  a  sewage  farm,  where  we 
made,  I  tihink,  something  like  25,000  square  yards.  At 
that  time  artificial  filters  were  not  perhaps  as  weU  under- 
stood as  l^hey  are  now,  and  we  found  a  quantity  of  day 
on  the  farm,  which  otherwise  is  m&inly  laiUuvium.  We 
burned  this  clay  in  ballast,  and  then  we  sandwiched  the 
soil ;  we  formed  there,  with  the  burned  ballast,  in  layers 
of  about  four  inches  in  thickness,  and  built  up  our  filters 
in  that  way.  Those  filters  have  done  their  work  perfectly 
well  ever  since  they  were  made,  which  was  in  1880,  but 
as  they  are  not  isolated  from  cu^e  other  parts  of  the  farm, 
the  area  is  not  defined,  and,  therefore,  it  is  knposrable  to 
say  how  much  those  filters  are  capable  of  doing.  They  do 
pass  a  laose  quantity  through  ;  of  course,  we  do  not  know 
how  mucn.  Well,  then,  when  I  came  to  Wimbledon,  I 
began  to  make  filters,  and  I  made  them  of  a  great  variety 
of  materials.  I  m>ade  them  of  burned  baUast,  of  clinker, 
of  impure  coal,  which  was  known  as  bog  cannel  which, 
I  think,  came  from  Scotland,  and  I  made  them  of 
some  proprietary  materiak,  which  perihaps  had  better  not 
be  named  ;  and  I  made  them  in  a  great  variety  of  ways. 
I  made  some  large  wooden  boxes,  about  one-two-hun- 
dredth part  of  an  acre  in  extent,  and  filled  them  with 
tjhese  different  kinds  of  materials,  and  applied  crude 
sewage  to  them,  and  also  clarified  sewage.  I  also  arranged 
some  of  the  filtering  materials,  carbon — I  forget  the  parti- 
cular kind  of  carbon,  but,  at  any  rate,  it  was  a  form  of 
charcoal,  in  vertical  screens,  in  movable  frames  some- 
thing like  a  window  frame,  with  the  view  of  taking  out 
one  screen,  and  washing  out  the  suspended  matter  with- 
out taking  *'way  a  very  large  proportion  of  the  toibal  area 
of  the  filters.  That  was  for  crude  sewage,  that  paztEcular 
form  of  filter,  and,  of  course,  the  experinipents  eftiowed 
that  that  pairticular  way  of  dealing  with  crude  sewage  in 
filters  was  impracticable,  because  of  the  cort  of  cleaning 
the  fikois  from  tihe  sludge,  which  accumuHated  in  them, 
therefore,  I  devoted  the  greater  part  of  my  attention  to 
filters,  which  were  used  for  the  purpose  of  finishing  clari- 
fied sewage  after  it  had  been  chemically  treated.  Having 
clay  at  Wimbledon,  and  having  a  restricted  area  of  74 
acres,  and  a  very  rapidly  increasing  population,  and  proc- 
ticelUy  iu>  means  of  extending  our  area  of  land,  we  had  to 
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£9fb  a  8abatitat«  for  the  land,  and  we  oomme&oed  to  bum 
xhe  clay  in  the  filters.  That  has  been  going  on  since 
1885,  I  should  say,  about,  and  we  have  at  uae  present 
TQoment  at  Wimbledon  something  like  30,000  square 
Tiiids  at  filteiB.  We  have  sufficieoit  material  burned  for 
aiuybher  10,000  square  yards,  so  that  altogether  we  shaU 
have  40,000  square  yards  of  these  adfaifioial  filibeis  at  Wim- 
Uedon  before  this  year  is  out,  and  we  ahall  proibably  have 
io  extend  them  in  the  future.  We  shall  have  to 
bum  the  clay,  which  will  not  purify  as  mueh  sewage  as 
these  fikeiB.  We  have  not  been  able  to  arriye  at  any 
very  definite  conclusions  as  to  the  amount  of  sewage  that 
these  filters  will  purJy  from  one  year's  end  to  the  other, 
'but  I  am  not  inclined  to  put  it  as  hi^  as  (peilhap^  we  were 
'led  to  suppose  at  one  time  we  dhouJd  ibe  able  to  go.  I 
tliink  myself  that  the  limit  wiU  be  found  somewhere  at 
«bout  500,000  gallons  per  acre  for  that  class  of  filter. 

1594.  500,000  gallons  per  acre  for  tihat  filter  ^-Ye8. 

1595.  And  is  that  as  compared  wit^  30,000  gallons  per 
«c(re  of  the  .very  best  land?— Tes,  I  think,  we  can  do 
500,000  gallons  per  acre,  but  I  am  inclined  to  drew  the 
limit  at  that. 

1596.  (Mr.  Killick,)  Is  that  clarified  sewage  ?— That  is 
•clarified  sewage  after  it  has  been  treated  wiiltih  ehemioals. 

1507.  {MajoT-General  Carey,)  About  100  gallons  per 
square  yard? — ^About  100  gallons  per  square  yard  is  a 
Teiy  good  figure. 

1898.  (Chairman.)  And  that  is  after  the  sewage  has 
keen  treated  with  chemicals  ?— After,  yes.  I  should  say 
thi^  we  have  one  filter  there  which  was  made  in  1876 
which  was  oiiginally  5,000  square  yards  in  area,  and  that 
•filter  has  been  used  for  crude  sewage,  I  think,  since  that 
time — since  1876. 

1599.  {Mr,  KiUick.)  Continuously  ?  — Continuously 
«ince  1876  for  crude  sewage  only.  It  was  made  for  two 
purposes.  Origim^ly  it  was  made  for  storm  water,  par- 
tially treating  the  storm  water  when  we  got  more  liquid 
there  than  we  could  possibly  put  on  the  land,  but  it  is 
^so  used  for  cmde  sewage  in  this  way.  Night  pumping 
was  not  resorted  to  at  fiist ;  they  used  to  pump  by  day 
only.  T^en  an  overflow  was  put  in  the  tank  sewer,  and 
At  night,  if  the  tank  sewer  became  full,  the  crude  sewage 
overflowed  on  to  this  filter.  That  went  on,  I  think,  until 
1892,  and  during  the  whole  of  that  time  that  filter  bed 
received  towards  the  latter  end  of  the  period  every  day 
4a  quantity,  which  we  cannot  very  well  ascertain,  of  cmde 
^ewago.  Since  1892  we  found  that  the  overflow— rather 
in  1802— of  this  crude  sewage  every  night  was  producing 
•a  nuisance,  and  we  had  to  give  it  up.  The  filter  is  now 
wery  largely  choked  with  the  suspended  matter.  Of 
^ouxse,  mineral  matter  must  remain  in  the  filter — ^when 
it  once  gets  into  a  filter  it  must  remain  there ;  the  or- 
ganisms cannot  touch  the  mineral  matt^.  But  Inhere  ib 
the  lact  that  that  filter  is  verr  largely  choked  with  the 
mineral  matter  which  has  got  mto  it  in  that  way.  And 
I  should  like  to  point  out  that  a  smaller  quantity  of 
mineml  matter  has  gone  over  with  the  sewage  in  that 
way  than  would  have  been  the  case  if  the  sewage  had 
%>een  taken  from  the  bottom  of  the  sewer,  because,  of 
course,  the  heavier  mineral  matter  keeps  along  the  bottom 
of  the  sewer,  and  does  not  come  out  at  t^e  overflow  at 
alL  Well,  then,  in  1892,  I  think,  it  was,  we  started  night 
pumping,  and  this  particular  filter  has  since  only  received 
cmde  sewage  during  periods  of  heavy  rainfall,  when  the 
pumps  have  been  unable  to  pump  as  quickly  as  the 
sewage  has  come  to  them.  That  is  a  very  interesting 
example  of  the  filtration  of  cmde  sewage. 

1600.  (Professor  Foster,)  When  you  compare  the 
300,000  on  your  filter  with  the  30,000  on  the  best  land, 
you  mean  purified  to  the  same  degree  ? — I  do,  sir.  Then 
wUfcP  I  went  to  the  London  County  Council,  in  1890,  I 
suggested  to  the^  Chief  Engineer,  now  Sir  Alexander 
Binnie,  that  it  might  be  desirable  to  make  some  experi- 
ments with  artificial  filters  at  the  outfall  works,  and  the 
3iain  Drainage  Committee  authorised  the  construction  of 
some  artificial  filters,  and  I  made  four.  Briefly,  each 
filter  was  l-200th  part  of  an  acre  in  extent 
One  filter  was  made  oi  a  proprietary  material,  one  was 
made  of  burned  ballast,  as  we  caU  it,  burned  cLiy  not  of 
very  good  quality,  one  was  made  of  pure  coke  breeze 
from  the  Beckton  Gas  Works,  and  the  other  was  made 
of  pebbles—small  pebbles,  small  pea  gravel  rather — 
whidi  we  got  from  the  Thames.  I  do  not  know  that  I 
need  refer  to  those  filters  at  any  length,    because   the 
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results  have  been  very  fully  published,  but  the  general  Mr,  w.  s. 
result  was  that  the  filter  made  of  coke  breeze  gave  us  the  ^^^* 
best  results,  and  upon  that  the  Committee  authorised  the  ill  ' 
construction  of  a  much  larger  filter,  and  I  then  proceeded  -8  Jai7 1886- 
to  make  one  which  is  generally  referred  to  as  being  one 
acre  in  extent.  It  is  really  about  5,000  square  yards. 
That  filter  was  made  of  pan  breeze,  not  with  pure  coke 
breeze,  but  with  pan  breeze,  which  is  the  cinder  and 
other  materials  which  are  drawn  from  the  furnaces  under 
the  retorts.  It  was  broken  down.  And  I  foresaw  a 
difiiculty  with  regard  to  the  working  of  that  filter,  having 
80  large  an  area  and  having  to  be  imder-drained,  and  it 
was  this,  that,  if  we  applied  the  sewage  to  the  surface 
of  the  filter,  having  the  outlet  open  as  well,  it  would  pass 
down  through  the  coke  breeze  to  the  under-drains  in  a 
very  rapid  manner,  and  it  would  not  become  equally  dis- 
tributed throughout  the  whole  body  of  the  filter.  Then 
came  a  question  whether  we  could  construct  a  whole  net- 
work of  distributing  channels  all  over  the  surface?  I 
found  that  would  be  very  expensive,  and  I  thought  the 
easiest  way,  at  any  rate,  of  compelling  every  cubic  yard 
of  material  to  purify  its  right  dose  of  sewage  was  to  place  a 
valve  on  the  outlet  and  to  charge  the  bed,  and  that  is  the 
manner  in  which  that  filter  has  been  worked  ever  since 
it  was  startedj  and  that  is  the  reason  why  it  was  worked 
in  that  way.  The  results  of  the  chemical  analyses  are 
given  in  those  tables,  and  I  think  that  it  may  be  very 
safely  assumed  that  a  filter  of  that  character  would  purify, 
continuously  purify,  about  three-quarters  of  a  million 
gallons  per  day.  The  effluent  from  the  filter  passes  into 
a  small  artificial  channel  which  we  made,  conveying  it 
some  quarter  of  a  mile  or  more  into  an  outlet  where  it 
passes  into  the  Thames,  and  that  I  regard  as  being — 
that  outlet  channel — of  very  great  interest,  because  it 
may  be  taken  for  granted  that,  where  an  effluent  passes 
into  a  channel  of  that  sort,  which  contains  no  other  water, 
if  it  does  not  pollute  its  own  channel  it  will  not  pollute 
the  river  into  which  it  is  discharged.  There  are  limita- 
tions to  that,  of  course. 

1601.  (Chairman,)  Is  the  channel  in  the  open  air? — 
The  channel  is  in  the  open  air. 

1602.  And  how  long  do  you  say  it  is  ?— Oh,  I  should 
say  it  is  a  quarter  of  a  mile  long. 

1603.  Then  that  effluent  has  simply  gone  through  the 
filter  ?— That  is  a  clarified  effluent  to  begin  with ;  it  haa 
been  chemically  treated. 

1604.  It  has  been  chemically  treated  ?~'It  has  been 
chemically  treated. 

1605.  Then  thoou^  tiie  filter?— Then  iihrougli  the 
filter. 

1606.  Then  in  a  channel  where  there  is  no  other  water 
it  passes  into  the  Thames  ? — It  gets  into  a  channel,  then 
it  makes  its  way  through  the  river  outlet  into  the  Thames. 
I  have  always  laid  very  great  importance,  since  I  have 
become  fuHy  acquainted,  of  course,  with  the  practical 
work  of  a  sewage  works,  on  an  examinatiion  of  the 
channel  receiving  the  effluent.  I  have  been  to  works — 
I  went  to  see  one  work  in  particular,  soon  sfter  a  paper 
had  been  read  describing  in  great  detail  the  works  which 
had  been  carried  out,  beins  a  system  of  chemical  treat- 
ment, followed  by  artificial  filters,  and  a  very  glowing 
account  it  was,  and  there  was  a  laige  number  of  analyses 
showing  that  the  effluent  was  of  a  very  first-class  quality. 
I  went  to  see  the  works,  but  I  went  to  see  something 
beyond  that  I  examined  the  channel  into  which  the 
effluent  passes  for  a  distance  of  half-a-mile  below  the 
works,  and  that  channel  was  simply  in  a  filthy  state. 

1607.  In  a  filthy  state  ?— In  a  filthy  state,  showing  that 
very  smaH  reliance  can  be  placed  upon  diemical  evidence 
alone  as  to  the  purity  of  any  effluent  in  a  case  where  the 
works  are  going  on  day  afiber  day  and  year  after  year. 
In  every  ease,  the  most  important  examination  that  one 
can  make  is  the  examination  of  the  channel  whidh  re- 
ceives the  effluent. 

1606.  Now  that  would  bear  upon  land  treatment 
When  you  have  simply  land  treatment  have  you  examined 
the  channels  there  7---I  have,  and  if  the  Commission  intend 
to  visit  works  I  should  very  much  like  to  point  out  to 
them  at  Wimbledon  the  different  degrees  of  poUutedness, 
Bo  to  speak,  of  those  channels.  We  work  our  sewage  in 
what  we  call  three  land  treatment  there,  that  is  to  say  the 
effluent  coming  off  the  highest  plot  of  all  on  the  farm  is 
applied  again  either  to  the  next  plot  or  to  one  lower  down. 
It  has  either  two  or  three  treatments.  And  if  you  ex- 
amine the  topmost  carrier  that  brings  on  either  the  clari- 
fied sewage  or  the  sewage  which,  at  Wimbledon  (a  part  ot 
it)  is  not  chemically  treated — ^brings  either  of  those  on 
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Mr.w.8.  you  will  find  that  that  channel  is,  of  coiiree,    polluted. 
Crynp,     Then  vou  examine  the  next  channel  which  receives  tihe 
'—  '     effluent  from  tiie  Xo.  1  field,  an  open  cfhannel,  and  there 
Vi  July  u'H.  (jie  effect  of  purification  is,  of  course,  very  marked ;   but 
after  the  sewage  has  been  running,  say,  three  or  four 
days  or  more  in  that  channel  tou  will  find  probably  grow- 
ing together  a  green  vegetable  growth  and  sewage  fungus 
side  by  side.     Then  you  go  on  again  to  the  next  pick-up 
channel,  and  it  is  highly  probable  that  in  the  next  channel 
you  will  not  discover  any  sewage  fungus  whatsoever  if  you 
look  ever  so  carefully,  and  in  the  last  channel  of  all  you 
never  see  any  sewage  fungus  at  all  in  the  Wimbledon 
farm. 

1609.  Do  you  mean  that  ultimately  the  effluent  is 
absolutely  pure  ? — Well,  it  is  sufficiently  pure  not  to  pol- 
lute its  own  channel.  Of  course,  we  have  had  a  number 
of  analyses  made  showing  that  it  ia  for  all  practical  pur- 
poses a  good  effluent  We  get  no  complaints  from  the 
Thames  Conservancy  Board,  and  it  is  really  what  would 
be  considered  a  good  effluent,  but  I  hold  the  view  subject 
of  course  to  modification  in  certain  cases,  that  if  the 
effluent  will  not  pollute  its  own  chaimel  it  wiM  noit  pollute 
the  stream  into  which  it  is  dischaiged,  provided,  of  course, 
the  channel  is  long  enough  to  admit  of  these  growths 
taking  place. 

1610-lL  We  are  speaking  now  of  raw  sewage  which 
goes  on  to  the  land,  which  is  not  treated  chemically  in 
any  way? — Of  both. 

1612.  I  mean  when  you  are  describing  your  four  ohan« 
nels  ? — We  have  both  systems  in  operation  at  Wimbledon  ; 
we  do  not  chemically  treat  the  whole  of  our  sewage. 

1613.  No,  but  you  find  that  your  fourth  channel  is  not 
polluted? — The  final  channel? 

1614.  The  final  channel  either  by  raw  sewage  or  by 
clarified  sewage? — That  is  so. 

1615.  Can  you  speak  at  all  from  your  general  expe- 
rience as  to  the  amount  of  purity  attained  in  the  average 
effluent  from  land  treatment? — Well,  I  am  generally  called 
in  where  the  farm  is  said  to  be  a  failure,  and,  of  course, 
one  very  often  finds  that  that  is  so.  I  have  not  the  time, 
unfortunately,  to  go  and  visit  farms  which  are  said  to  be 
successful,  and,  as  a  rule,  there  is  not  much  to  be  learned* 
but  where  one  has  to  go,  as  a  rule,  to  examine  sewage 
farms  is  where  they  are  a  failure,  and  failures,  of  course, 
are  due  to  a  variety  of  different  causes.  One  has  to  put 
them  right.  Badly  laid  down  possibly  in  the  first  in- 
stance, possibly  after  they  have  oeen  under  drained,  and 
are  of  a  clay  character. 

1616.  Your  effluent  has,  I  understand,  to  be  treated  in 
different  channels  before  it  gets  pure? — Over  three  fields, 
my  Lord,  that  is  on  a  day  soil,  where  you  rely  upon  the 
surface  for  purification.  The  usual  practice  is  to  apply 
it  first  to,  say,  field  No.  1.  then  you  catch  it  as  it  comes 
oil*  that,  and  then  you  apply  it  to  field  No.  2.  You  catch 
it  as  it  comes  off  that,  and  apply  it  to  field  No.  3,  and 
provided  each  length  of  run  is  adequate  the  final  result 
is  good. 

1617.  Yes,  but  in  most  sewage  farms  would  that  be 
done  do  vou  think  ?^— Oh,  yes,  that  is  the  univeisal  prac- 
tice, in  irrigation  areas. 

1618.  You  think  it  would?— I  think  so ;  other  sewage 
farms  are  of  a  porous  character.  When  I  refer  to  those 
where  the  effluent  actually  goes  through,  it  can  only  re- 
appear from  the  subsoil  drains,  if  there  are  any.  In  some 
cases,  of  course,  there  are  no  subsoil  dnuns,  it  merely 
passes  into  the  general  body  of  underground  water,  and  re- 
appears in  a  natural  way. 

1619.  Have  you  ever  heard  complaints  of  a  sewage  farm 
being  injurious  to  health,  either  of  individuals  or  of  cattle  ? 
— I  certainly  have  heard  complaints  in  those  very  cases  to 
which  I  have  referred,  where  through  either  inadequate 
means  of  removing  the  suspended  matter  or  through  mis- 
management or  through  the  farms  having  be«n  improperly 
laid  out  in  the  first  instance  a  nuisance  is  created  upon  the 
farm,  which  is  almost  always  due  to  suspended  matter.  In 
some  cases  it  is  due  to  the  fact  that  more  liquid  is  applied 
to  the  land  than  the  land  can  take,  that  there  is  no  proper 
interval  of  rest  between  the  applicatioiis  of  the  sewage  to 
admit  of  the  fidds,  putting  it  in  the  general  phrase  that 
you  hear  on  sewage  farms,  ''sweeten"  itsdf.  Some 
people  say  it  has  become  sewage  «ck,  but  the  meaning  is 
exactly  the  same,  it  has  not  had  time  to  sweeten  itself 
between  the  applications  of  sewage,  it  becomes  sewage 
sick.  Then,  of  oouise,  compki&ts  arise,  and  it  is 
•mainly  in  those  cases  where,  as  I  say,  I  am  called  in  to 
advise  as  to  the  best  methods  of  remedying  the  nuisance. 

1620.  Have  you  ever  found  cases  where  it  was  proved 
that  it  had  done  serious  mischief  to  the  health  of  either 


man  or  beast  ? — ^No,  I  have  never  found  any  evidence  that 
could  be  absolutely  relied  upon  in  any  case  that  I  have 
been  called  in  upon  that  would  prove  that. 

1621.  You  were  mentioning  this  pamphlet  which  you 
were  good  enough  to  send  us.  I  see  Mr.  RoechliDg 
rather  expressed  some  alarm  about  the  notion  of  these 
artificial  filters.  "  He  thought  it  was  vexy  dangercos  to 
''force  the  hand  of  nature,  especiaMy  in  a  case  where  so 
"  little  was  known  about  the  very  intricate  processes  by 
"  which  the  decomposition  of  organic  matter  was  brought 
''  about,  lest  in  this  attempt  they  mi^ht  create  ooadiiionsi 
"which  in  the  end  might  pro^e  disastrous."  I  rather 
think  you  were  at  the  discussion  ? — ^I  was  at  the  discussion. 

1622.  Do  you  think  that  important  ? — ^No ;  I  do  not 
think  so.  We  have  to  force  the  hand  of  nature  at  places 
like  Wimbledon,  for  example,  or  we  simply  could  not 
go  on. 

1623.  Do  you  consider  that  there  is  a  fair  hope  that  by 
artificial  treatment  you  will  be  able  to  get  an  effluent  aei 
good  as  you  can  get  by  land  treatment  ^I  do  not  think 
there  is  a  shadow  of  doubt  about  that,  and  I  would  like  to 
try  to  make  an  explanation  in  this  way.  You  examine  any 
ideal  sewage  farm  soil  that  I  referred  to  first  of  all,  there 
you  find,  perhaps  12  or  15  inches  of  soil,  and  the  rest 
gravel  and  sand  mixed.  Now,  if  you  dig  out  a  cubic  yard 
of  that,  and  you  re-arrange  the  particles,  taking  o«t  the 
large  ones  and  talking  out  the  very  small  ones,  I  am  quite 
positive  that  that  cubic  yard  will  do  more  work  aft^  the 
re-arrangement  than  it  would  in  its  natural  state.  I 
would  try  to  illustrate  my  principle  in  that  way,  and  if 
you  substitute  instead  of  your  cubic  vard  of  gravel,  a 
cubic  yard  of  other  material  which  wiU  effect  the  same 
purpose,  you  get  this  concentrated  treatment,  you  can  do 
more  work,  there  is  no  doubt  about  it,  by  an  artificial 
filter  than  you  can  on  a  natural  soil. 

1624.  One  witness  whom  we  had  before  us  sadd  that,, 
with  any  artificial  treatment  you  would  be  foroiBg,  that 
no  artificial  treatment  was  as  thorough  as  land,  beoause 
you  could  not  force  the  thing  through  land,  whereas  you 
could  force  it  through  any  aifificial  filter  ? — ^It  is  perfectly 
true  that  you  cannot  force  it  through  land,  but  what  he 
can  do,  and  what  is  done  in  some  cases,  ie  to  force  the 
excess,  whidi  will  not  go  through  the  land,  in/to  the  liver 
untreated,  and  that  is  where  the  trouble  arises. 

1625.  Have  you  any  remarks  tihat  you  could  make  to 
us  about  the  disposal' of  the  sludge  I— I  have,  my  Lord» 
but  there  was  one  m«bter  which  I  had  in  my  mind  a 
momeait  ago  that  I  wamted  to  menCon.  I  daresay  it  wili 
recur  to  me  directly.  I  know  I  thought  it  rather  impor- 
tant. Thait,  of  course,  is  the  most  troublesome  thin^ 
that  we  have  to  do  with  in  connecticm  with  sewage  dis 
poeol  works,  w^ere  tftie  su^einded  msitfters  are  removed 
from  the  sewage  to  begin  witih.  Of  counse,  where  th<ere 
is  a  large  area  of  land,  which  is  of  a  suitable  chatracter, 
and  remote  from  houses,  the  sewage  can  be  applied  as  it 
comes  from  the  sewecs  without  creating  offence,  but  thait 
has  been  dome  for  a  great  number  of  yeare  at  the  Bed- 
din^ton  sewage  farm,  for  exampde,  where  no  attempt  i» 
made  to  remove  the  bulk  of  the  suspended  matter.  But 
even  there,  the  time  may  come  when  they  will  have  ta 
remove  the  suspended  matter,  on  account  <^  the  great 
growth  of  population  which  is  going  on  at  Oroydon  and 
the  districts  which  drain  to  that  farm.  There  are.  of 
course,  many  o6her  cases^  but  where  the  aludgie  is  takef> 
out  by  means  of  dhen£cals,  and  the  population  is  ait  all 
lai^e,  and  by  large,  I  would  almost  go  down  to  about 
10,000  people  as  the  limit,  or  even  lower  than  that ;  I 
think  it  would  be  safer  to  go  to  5,000  as  tihe  limit,  the 
downward  limit,  undoubtedly  the  filter  press  shouM  be 
adopted  for  dealling  with  the  sludge.  The  usual  practice 
where  tihe  filter  press  is  not  employed  is  to  run  tihe  sHudge 
into  wthab  some  people  call  lagoons,  whidh  is  a  very  mls- 
leaddng  term.  The  beds  are  fonmed,  as  a  rule,  of  town 
a^ies,  or  any  porous  material  that  can  be  gpt,  and  the 
sludge  is  run  into  these  beds  in  the  hope  tihat  it  wiU  dry 
down,  but  if  the  quantity  produced  weekly  is  at  aH  large, 
that  system  results  in  a  great  nuisance  being  produced. 
Then  undoubtedly  the  proper  way  of  dealing  with  sludge 
is  to  press  it  by  means  of  filter  presses.  That  was 
done,  I  believe,  at  Aylesbury  in  the  very  first  instance.  I 
cannot  give  you  the  date  when  the  filter  press  was  first 
employed  there,  but  I  believe  that  was  the  first  case. 
I  beliere  the  Oroydon  Bural  sewage  works  at  Merton, 
on  which  I  was  engaged,  to  which  I  referred  in  regard  to 
artificial  filters,  was  the  second  case,  and  I  beHeve  Wim- 
bledon was  the  third  case  in  wihich  filter  presses  were 
employed,  and  that  is  as  reoentdy  as  1862,  I  think,  at 
Wimbledon,  but  now  hardly  any  sewage  work  is  oon- 
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aidered  oomplete  unless  filter  preaees  are  employed  for 
61ke  purpose  of  deaang  with  the  sludge.  The  operation 
of  the  press  isi  brieiy,  to  reduce  five  tons  of  W0t»  sloppy, 
stinking  ahidge  to  one  ton. of  cake,  whidh  can  be  hancllcd, 
waited,  and  disposed  of  as  soon  as  produced.  There  are 
cases,  of  course,  where  the  larger  limit  of  population  Is 
reaohed — London,  for  example — where  it  has  been  found 


undoubtedly  that  the  most  economical  method  is  to  pump 
it  into  steamers*  and  take  it  away  to  sea.  I  advised  the 
Salfosd  Oorporaticai  to  adopt  the  same  course,  and  they 
adopted  my  adrice,  and  they  take  their  sludge  now  down 
th«  Manchester  Ship  Oanal,  and  disciharge  it  into  the  sea 
beyooid  Liverpool.  The  Maoiohesber  works  were  brought 
into  operation  about  the  same  time  as  the  Salford 
works,  and  they  adopted  filter  presses  there,  but, 
having  seen  the  result  of  steamship  carriage,  they  have 
now  adopted  at  Manchester  the  same  method  of  disposing 
of  tih^  sludge  as  at  Salford  ;  they  have  it  shdpped  down 
the  canal,  and  disposed  of  in  the  sea ;  so  that,  where  the 
<luantitLe8  of  sludge  produced  are  very  large  indeed,  no 
^onbt  that  is  the  most  satisfactory  way  of  disposing  of  it. 
It  has  a  very  low  manurial  value  even  after  being  pressed 
— very  low.  It  is  very  rare  to  find  sewage  works  where 
anytlung  is  given  for  it.  In  some  cases,  for  example, 
CoventiEY»  a  very  large  accumulation  took  place  around 
the  works,  and  eventually  began  to  smell  rather  disagree- 
aUy,  and  was  complained  of. 

1626.  May  I  ask  if  you  are  aware  of  Mr.  Cameron's 
«epiac  tank  at  Exeter? — Yes,  I  have  seen  that 

1627.  Tou  know  that  it  is  said  that  the  sludge  there 
largely  disappears  7 — ^I  have  heard  that. 

1628.  And  Dr.  Thomson,  one  of  the  Local  Government 
in^)ecton,  who  held  an  inquiry  at  Exeter,  told  us  yester- 
day that  he  thought  that  he  might  sav  he  was  surprised 
at  the  little  sludge  he  found  in  the  tank  ? — Well,  one  does 
not  Eke  to  offer  anything  in  the  nature  of  a  criticism  of  an 
oxperimental  work. 

1629.  No? — 'But  the  only  remark  thaib  I  would  like  to 
offer  is  this,  that  those  works  have  not  up  to  the  preseaiA 
time  been  carried  on  under  the  conditions  that  they  would 
he  carried  on  if  all  ^e  sewage  of  any  town,  either  Exeter 
or  any  town,  was  treated. 

1630.  You  mean  that  it  is  on  too  small  a  scale  ? — ^What 
I  mean  is  that  the  qiianti<fy  applied  to  the  tai^,  the 
<]uantity  that  can  be  admitted  to  the  tank,  is  confined  to 
the  quan^tity  that  can  be  carried  by  a  six-indh  pipe,  and, 
therefore^  the  vicissitudes  that  works  are  subjected  to 
when  you  get  sudden  downfalils  of  raon,  and  so  on,  are 
not  felt  at  Uiose  works,  and  therefore  I  am  not  inclined 
to  regard  at  the  present  moment  the  results  at  Exeter 
as  bein^  by  any  means  condua&ve  of  the  results  that  might 
be  obbain-ed  if  the  works  were  arranged  to  take  the  sewage 
from  the  boittoqn  of  the  sewer,  and  to  take  all  the  sewage 
th«b  would  be  brought  to  the  works  under  aU  conditions. 
If  I  may  so  regard  it,  it  is  somefahing,  in  my  view,  at  any 
mte,  m  the  nature  of  a  kbonitory  experiment 

1631.  (Mr.  Killick.)  You  spoke  of  the  flow  of.  sewage 
be£ng  divided  into  thosd-casee  where  sewage  and  rain  flow 
together,  and  wih-ere  they  were  separerted.  Where  tlie 
aewage  and  rain  flow  togel£hor,  have  you  any  opinion  as  to 
the  increased  quantity  of  the  flow  w^hen  the  storm  over- 
flow ahouiki  come  into  opeoration? — ^Tho  point  of  cut  off 
must  be  determined  entirely  by  local  circumstances.  At 
Brifltol,  for  example,  where  I  have  recenitly  deeign-ed  a 
flohem-e  for  the  Corponvtion,  I  have  arranged  the  point  of 
cut  off  at  five. 

163^  Five  tim«s? — Hve  timee,  because  the  excess 
there  will  be  disdhazged  into  a  tidal  estuary,  but  if  tili<e 
discharge  were  passed  into  a  small  stream  of  very  pure 
waiter,  I  should  place  the  point  of  cut  off  veiy  mucQi  hi^er 
than  that.  In  my  own  prootice,  I  place  th<e  pos-nt  of  cut 
off  at  about  eight  or  ten  in  such  oasesv  Thwi,  again, 
although  it  is  usuail  to  refer  to  so  many  times  the  dry 
weat^her  flow,  there  is  a  better  way  of  taking  it  than  that, 
because  the  dry  weaiflher  flow  varies  in  many  towns-  The 
point  of  cut  off  should  be  arnunged  more  with  regard  to  a 
certain  number  of  d^nite  galibos  per  head.  \V!here  I 
take  my  point  of  cut  oii*  at  five,  I  asButme  150  gallons- 
five  timoB  the  thirty.  Thirty  gallons  being  the  dry 
weather  flow,  I  assume  150  gallons  per  head  at  the  moment 
the  storm  overflow  is  brought  into  opeiotttooi.  There, 
again,  I  thank  the*  the  num'ber  of  gallons  dibould  be  con- 
mdered  rather  than  the  num-ber  of  times  the  dry  weather 
^€fw.  U  is  usually  referred  to  in  that  way,  but  it  very 
often  leads  to  a  wrong  result. 

1633.  You  would  express  the  ratio  then  in  gallons  per 
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head  ? — I  would  express  the  ratio  in  jgallons  per  head,  and    Mr.  w.  s. 
the  point  to  cut  off  should,  as  a  rule,  lie  somewhere  be-     S'??*' 
tween  150  and  300.  _ 

1634.  In  the  information  you  gave  us  about  the  treat-  28  July  i8b». 
meat  of  the  clay  at  Wimbledon,  by  putting  ashes — by 
covetriug  the  ground  with  a«ihee  to  the  depth  of  fifteen 

Inches,  you  could  pass  7,a00  gallons  per  acre  per  day  over 
the  land  ;  that  was  really  making  it  an  aiiificiaJ.  filter  ? — 
Making  i^e  surface  of  it  an  artificial  filter. 

1635.  Exactly? — I  mav  perhaps  explain  to  the  Com- 
mission the  manner  in  which  we  applied  the  asihes.  Be- 
fore we  apnL'ed  aahtts  at  all,  we  had  to  root  up  a  lai^ge 
number  of  drains  whi-ch  had  been  put  In,  whioli  caused 
our  soil  to  crack  before  we  adopted  this  method  of  improv- 
ing the  surface.  At  the  tim-e  of  ploughing,  say,  in  the 
winter,  w*hen  the  fields  are  broken  up,  and  the  ground  left 
open  until  the  spring,  before  we  did  anything  at  all  in 
the  way  of  cultivation,  we  carted  a  quantity  ot  ashes  on 
to  the  land,  on  an  average  four  inches  in  thickness. 
Then  the  ashes  would  fall  down  into  this  rough  ground, 
and  be  worked  up  vrith  it  Then,  after  two  years,  we 
would  apply  another  four  inches,  and  so  on,  until  in  tut 
end  we  have  got  the  depth  of  material,  which  I  )>''v 
referred  to,  but  that  is  surface  soil  and  ashes  mixed 
together.  The  result  has  been,  as  you  have  descxibed,  an 
aitificial  filter  on  the  top  of  the  clay. 

1636.  You  spoke  of  the  filter  that  had  been  treated 
with  crude  sew«ige  for  something  like  twenty  years ;  this 
filter,  of  course,  has  been  cleaned  many  times? — It 
has  been  cleaned  only  on  the  surface.  We  &]d  that,  alter 
a  long  period  of  dry  weather,  if  we  gat  a  sudden  down- 
fall of  rain,  ev«n  a  quaiter  of  an  voSk  of  xein,  it  would 
wa^  out  all  the  houso  draois,  all  <hhe  intercepting  traps, 
all  the  seweis  where  you  get  a  deposit ;  the  result  is  to 
bring  dk>wn  to  your  works  in  a  v-eiy  short  space  of  time 
indeed  an  immense  amount  of  filth.  That  filth,  of  course, 
is  intercepted  at  the  top  of  the  artificial  filter,  and  in 
hot  weather  we  have  had  to  remove  tihst  after  a  day  or 
two  ;  w^en  it  becomes*  sufficiently  soLdified,  we  have  had 
to  remove  that  by  hand  labour,  and  dispose  of  it  on  the 
surface  of  our  land,  in  order  to  avoid  a  nuisance. 

1637.  Has  not  the  capacity  of  the  filter  decreased  at 
all? — Oh,  greatly.  It  is  very  largely  completely  blocked 
now,  and  we  s^hall  either  have  to  regard  dt  as  being  simply 
land,  or  dig  out  the  whole  of  the  material,  and  sift  out  all 
this  mineral  matter  which  has  completely  blocked  it  in 
parts. 

1638.  You  spoke  of  failures  which  you  are  called  in 
frequently  to  dieal  with — sewage  farms  which  are  failures. 
Have  you  taken  any  notice  as  to  whether  these  farms 
have  been  in  the  hands  of  the  authorities,  or  in  the  hands 
of  a  tenant? — Sx>eaking  generally,  failures  are  more  fre- 
quent wiiere  the  farms  are  in  the  hands  of  an  agent,  than 
when  they  are  in  ui<e  iiands  of  a  local  authority,  who 
appoint  th-eir  own  manager.  In  the  case  of  faims  that  are 
leased,  the  farmer  naturally  endeavours  to  make  money. 
It  does  not  follow  that  the  making  of  money  at  a  sewage 
farm  at  all  agrees  with  the  purifying  of  the  sewage. 

1639.  When  he  has  crops  to  rear,  the  sewage  is  turned 
untreated  into  the  s-treom  ? — ^It  may  be  turned  either  un- 
trected  into  the  stream,  or  it  may  be  appAied  to  land  for 
too  long  a  period,  in  which  case  the  restricted  area  would 
not  have  effected  its  proper  purification. 

1640.  Beally  there  is  little  doubt  that  a  sewage  farm 
ought  never  to  be  let  to  a  farmer,  or  pass  out  of  the  hands 
of  the  authority  having  it? — I  am  entirely  of  that  opinion. 

1641.  Oan  you  give  us  any  information  as  to  the  cost  of 
fihera— of  the  best  filters?  You  have  described  wie,  I 
think,  at  Wimbledon  ? — ^Those  filters  at  Wimbledon  cost 
us  about  £1,500  pe<r  acre.  I  should  say  that  the  buminf; 
of  ballast  usually  costs  about  2b.  a  cubic  yard  ;  if  you  har.* 
five  thousand  yards  in  an  acre  filter  that  is  £500  for  the 
ballast  burning,  the  balance  of  cost  being  made  of  banks. 
under-diBAns,  and  so  on.  The  London  filter  that  I  made,  I 
think,  cost  about  £1,700.  I  rather  tinink  the  cost  oi  that 
filter  is  given  in  the  pamphlet.  Then  you  come  to  what 
are  known  as  proprietary  filters,  which  are  wholly  en- 
closed in  brick  work,  a  form  of  sand  and  proprietary 
mateotaL     As  a  rule,  those  cost  about  £10,000  an  acre. 

1642.  The  proprietary  material  adding  very  consider- 
ably to  tbe  cost?— That,  and  the  brick  work,  and  valves, 
and  80  on.  * 

1643.  In  this  pamphlet  you  speak  of  tiho  estimate  for 
the  Manchester  filters — the  estimate  was  £5,500  per  acre ; 
why  is  that  estimate  so  high,  do  you  remember? — Yei,  it 
was  in  oonsequenoc  of  the  very  bad  ground  where  the 
filters  would  have  .'o  be  madf 
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Mr.  W.  5.       1644.  Clay  ? — ^No.    It  was  more  of  that  peaty  charac- 

S^J'X:     ter  of  land  that  is  found  in  the  neighbourhood  of  Man- 

111       Chester,    and   we  thought  that,  in  estimating  for  these 

«8  July  1896.  filters,     it    would  be   necessary  to   do  a  good  deal  of 

concreting  and  so  on.    That  cost,  of  course,  is  nothing 

like  as  high  as  the  cost  of  the  proprietary  GHkers  which 

you  find  in  very  many  towns — ^tnat  is,  £10,000  an  acre. 

The  most  recent  example  I  have  had  of  the  price  of  filters 

is  at  nford,  in  Essex,  where  I  have  just  made  a  contract 

of  6,000  square  yards  of  those  filters,  which  wHl  cost 

£2,000. 

1645.  6,000  ?-~6,000  square  yards  will  cost  £2,000,  but 
they  are  to  be  made  in  exactly  the  same  way  in  which  I 
made  the  London  filter — ^that  is,  the  ground  will  permit 
of  this  mode  of  construction  being  followed :  we  make 
an  emibankment  all  round  and  fill  the  interior  with  pan 
breeze. 

1646.  (Colonel  Harding.)  You  spoke  to  us,  Mr. 
Crimp,  about  the  best  kind  of  land  for  being  able  to  deal 
with  30,000  gaQons  per  day  of  clarified  sewage.  Can 
you  form  any  opinion  as  to  what  would  be  the  quantity 
that  would  be  dealt  with  on  similar  land  if  you  were  deal- 
ing with  crude  sewage? — I  think  that  would  depend 
entirely  upon  the  proximity  of  the  farm  to  houses.  I 
think  if  you  attempted  to  put  the  crude  sewage  of  a  thou- 
sand to  the  acre  there  would  be  bound  to  be  some  smell, 
a  smell  prabably  that  would  not  extend  to  a  very  great 
distance. 

1647.  But,  apart  from  the  smeU,  what  would  be  the 
quantity  of  crude  sewage  which  the  best  kind  of  land 
would  be  able  to  deal  with  ?— I  tjhink  it  would  perfectly 
well  take  the  sewage. 

1648.  It  would  make  no  difference  to  the  (raantity 
whether  it  were  crude  sewage  or  clarified  ? — ISio ;  I  think 
it  would  take  the  quantity  quite  well,  but  I  do  not  think 
you  would  be  able  to  put  that  quantity  on  without 
creating  something  of  a  nuisance. 

1649.  Then  would  there  not  be  any  necessity  for 
periods  of  rest  in  that  case  ? — ^Yes,  and  I  have  estimated 
that  period  in  giving  you  that  figure;  that  is  to  say, 
one  acre  of  land — you  could  not  put  30,000  gallons  on 
it  without  living  it  in^t^rvals  of  reab.    You  would  have, 

Serhaps,  60,000  gaUons  going  on  to  it  at  tihe  rate  of 
9,000  gallons  per  day  for  twelve  hours,  for  example; 
the  net  result  would  be  only  30,000  gallons  for  twenty- 
four  hours. 

1650.  But  would  not  the  periods  of  rest  be  necessarily 
longer  in  dealing  with  crude  sewage? — I  think  they 
would  be. 

1651.  Th^  would? — I  think  it  is  possible  that  the 
periods  of  rest  required  would  limit  the  quantity.  But 
what  I  think  you  would  have  to  do  would  be  this :  where 
you  APplj  crude  sewage  you  have  a  perfectly  plain  flat  sur- 
face, if  it  is  on  the  downward  filtration  principle,  but  if 
you  got  to  thi^  luge  quantity,  it  might  have  to  be  applied 
after  the  removal  of  the  suspended  matter,  which  would 
involve  chemical  treatment  which  would  not  be  involved 
in  the  other  case. 

1652.  Am  I  right  in  understanding  you  to  say  that 
you  oould  deal  with  as  much  crude  sewage  as  clarified 
sewage  upon  a  given  area  of  land  ? — ^I  think  that  is  so ; 
but  more  laibour  would  be  involved. 

1653.  Dealing  now  with  oases  whero  suitable  land  is 
not  available,  where,  for  instance,  clay  land  only  is 
available,  I  understood  you  to  say  that  the  action  there 
was  not  so  much  the  action  of  the  day  land  as  of  the 
soil  over  the  clay  land  ? — That  is  so ;  the  whole  of  the 
purifying  action  must  be  in  the  top  layer. 

1654.  So  that  the  clay  simply  forms  the  bottom  of  the 
material  which  is  dealing  with  the  sewage  7—That  is  so. 

1655.  You  spoke  to  us  of  the  possobility  of  improving 
that  upper  layer  of  ligbt  soil  1^  adding  to  it,  for  i^- 
stance,  ashes,  as  was  done  at  Wdimibledon ;  by  mixing 
that  with  soil  you  are  still  able  to  get  crops  ?--Oh,  yes, 
better  t^an  we  did  before,  and  we  have  also  done  this : 
Our  land  used  to  be  known  to  farmers  as  "four-horse 
land,*'  that  is  a  phrase  implying  the  employment  of  four 
horses  in  the  plough  ;  but  now  it  is  "'  two-horse  land ;  '* 
two  horses  can  plough  it  quite  as  easUy  as  four  used 
to,  the  whole  day. 

1656.  Have  you  at  Wimbledon  carried  out  the  altera- 
tion of  the  upper  layer  of  land  by  adding  ashes  to  the 
point  that  you  have  ceased  to  be  able  to  crop?-— No; 
h  is  not  so  much  that  as  the  fact  that  the  ashes  are 
becoming  a  nuisance  to  us,  and  therefore  we  have  to 
use  a  (kist-destructor.  They  could  go  ou,  as  far  as  I 
can  see,  applying  the  ashes  for  an  unlimited  ptfiod  of 
time  were  it  not  for  the  fact  that  we  cart  our  ashes 


down  to  the  farm,  and  we  oanaot  go  on  aj)plying  theok 
day  by  day,  as  we  carry  ihem  otst  there  without  laying 
idle  a  lai^e  pari;  of  the  farm.  We  have  to  lay  it  out  in 
the  spring;  t^at  means  taku^  ithe  a^es  to  a  dep6t> 
and  now  tiie  dep6t  is  becoming  rather  offensive,  and  we* 
have  to  go  to  the  dustnlestru^r.  But  I  am  in  hopes^ 
and  quite  believe,  that  after  we  have  our  dust-destmctor 
all  the  ashes  that  go  through,  with  the  exception  of  the 
large  olinker,  whidh  probably  will  be  used  for  road  mak- 
ing, will  be  stiil  spread  on  the  land,  and  in  that  war 
we  shall  go  on  adding  to  our  porous  medium  on  the  top. 

1657.  Then  the  action  of  land  in  purifying  sewage  i» 
of  the  same  character,  is  it  not,  as  the  action  of  an  inter 
mittent  artificial  filter? — Precisely  the  same  action  ;  the 
purification  is  effected  as,  of  course,  we  all  know  now,  by 
means  of  oiganisms  which  exist  in  vast  numbers. 

1658.  Then,  as  Mr.  Killi<^  just  now  suggested,  the  im- 
proved surface  at  Wimbledon  is  in  the  way  of  artificiar 
filtration  ? — ^I  think  it  is  a  perfectly  correct  phrase  to  apply" 
to  it. 

1659.  Then  it  is  an  artificial  filter  from  which  you  ob- 
tain crops? — ^That  is  so. 

1660.  Then  by  carrying  tiie  matter  a  little  further  yoit 
reach  the  artificial  filter  minus  the  cropping  ? — That  is  so 
again.  You  get  to  the  point  when  your  crops  will  not 
iSke  the  liquid  that  you  have  to  apply  in  the  case  of  con- 
centrated filtration  on  an  artificial  filter. 

1661.  So  that  the  relation  of  the  artificial  filter  to 
ordinary  land  filtration  is  extremely  close  ? — ^I  think  it  ia 
very  close. 

1662.  I  was  interested  by  what  you  told  us  of  the  ex- 
periment upon  crude  sewage  which  has  been  carried  on 
since  1876  at  Wimbledon,  and  you  told  us  that  there  had 
been  a  steady  clogging  up,  which  was  largely  due,  in  your 
opinion,  to  the  mineral  matter  which  'had  come  down  in> 
the  sewage,  and  whidi,  of  course,  could  not  be  broken 
down  by  the  organisms.  It  would  have  been,  would  it 
not,  f  airh"  easy  to  settle  that  by  passing  it  through  some- 
tank  ?— We  should  have  had  to  construct  rather  an  expen- 
sive work  for  the  purpose,  because  of  the  IcTels. 

1663.  Apart  from  the  mineral  matter  which  is  gradually 
accumulating  there  must  have  been  a  vast  quantity  <^ 
matters  in  suspension— eludge,  in  fact — to  be  dealt  with 
in  your  filter.  Have  you  formed  any  opinion  as  to  how 
far  that  sludge  has  been  destroyed  or  broken  down  by  the 
action  of  the  filter  ?— I  think  tiie  organic  matter  has  been* 
entirely  broken  down. 

1664.  Then  you  do  not.  think  the  sludging  up  has  been, 
due  at  all  to  tiie  gradual  accumulation  of  matters  which 
it  was  possible  to  break  down  by  the  action  of  organisms  I 
— ^No ;  the  filter  appears  to  be  choked  with  a  rich,  black- 
soil  at  the  present  moment.  I  have  no  doubt  an  analysis 
of  that  would  show  that  it  was  rich  in  organic  matter,  but. 
certainly  not  in  the  nature  of  being  offensively  so. 

1665.  Then  what  were  the  periods  of  rest  allowed  in, 
connection  with  the  treatment  of  crude  sewage  in  that 
case?— Well,  towards  the  end  of  the  time,  when  we 
commenced  our  night  pumping  it  would  flow  on  probably 
at  four  o'clock  in  the  morning  and  continue  to  flow  oa 
until  about  seven,  and  then  no  more  would  be  applied, 
of  course,  until  4  o'clock  the  next  morning.  That  was  the 
usual,  the  average  state  of  affiurs  up  to  the  time  when  we 
commenced  night  pumping.  Kow,  of  course,  it  only  goes 
over  if  we  get  a  very  heavy  downfall  of  rain,  which  over- 
masters the  pumps. 

1666.  l%en  does  that  mean  that  the  filter  stood  empty 
for  about  two-thirds  of  the  tw«ity-four  hours? — ^More 
than  that ;  it  was  from  about  4  to  7.  From  4  o'clock  in 
tiie  morning  to  7  would  be  three  hours ;  that  would  be 
one-eighth  of  the  time  ;  sewage  was  flowing  on  to  it  about 
one-eighth  of  the  time,  and  standing  seven-eighths. 

1667.  It  was  a  continuous  flow,  not  a  fiUJng  and  stand- 
ing, but  a  continuous  flow  ? — ^It  was  a  conitinvoua  flow. 

1668.  And  tihe  flowing  continued  for  three  hours? — Thai 
is  right* 

1660.  Thslt^  of  course,  is  a  very  impofltaint  «cq>erimef]it. 
If  it  was  ponibile,  by  periods  of  rest,  to  digest  slfudge  ia 
aiHdfioisd  mtero,  tihslt  would  be  a  very  valuable  solution  for 
gi«at  citLCS,  would  it  not? — Undoubtedly  it  would  be,  be- 
cause where  you  apply  crude  sewage  to  land  the  soil 
digeito  the  dli»lge>  as  we  tenn  it.  Of  course,  tihe  mineral 
moidter  is  tibere.  The  only  question  that  you  would  have 
to  consider  in  desigznng  worln  would  be  this :  Is  it  cheaper 
to  remove  1«he  mineral  suspended  matter  by  means  of 
tanks  ;  is  it  oheq^per  to  remove  that  master  in  that  way 
than  to  aiUow  it  to  flow  into  your  filter,  block  it  up,  and 
then  to  sift  your  materials  periodically? 
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1670.  Not  neceflaarily  siffc  the  maieniai.  Hurely  rest 
nould  be  tile  equivalenbl — ^No,  not  for  tihe  mineral  matter. 

1671.  Kot  for  mineral,  of  oouzBe  noi,  but  Jor  iihe  oibihec 
laaAben? — ^For  the  otflier  matt  em  9  I  am  quite  satcflfied 
that  the  oiganic  matters  would  be  buolcen  up  in  the  filter. 
!Dhen,  of  cousae,  comes  size  and  ooet,  wbidir  is  the  cheaper, 
and  you  must  expect  adeo — ^I  am  bound  to  tell  you  thi»-^ 
that  you  must  expect  to  pay.  At  this  time  of  the  year  a 
heavy  thomderotorm  after  a  period  of  drought  would  pro- 
duce on  the  auifaoe  of  your  filter  a  very  filthy  state  of 
affaira  in  the  absence  of  taoika,  beoauae  your  flow  is  pro- 
bably increased  ten  or  twelve  itimes  in  the  space  of  as 
many  minutes.  There  is  no  control  over  that  aoit  of 
thing  ;  here  this  mass  of  sludge  is  deposited  on  the  surface 
of  i£e  filter  in  the  absence  of  tanks. 

1672.  Then,  cost  apart,  you  think  it  would  be  poasible 
to  digest  the  oiganio  mattere  in  suspension  as  well  as 
those  in  soUution  in  aitifiocal  filters? — ^I  oeitainly  think  so. 

1673.  And  probably  you  think  it  wouSd  be  better  to 
have  some  preJiminaiy  predprttttion  7 — ^I  oeitasnly  hold 
that  view  at  present.  CNf  coune,  ae  I  hav<e  told  you,  I 
have  had  someithdng  like  twenty  yearo'  experience  of 
filteiB,  and  I  see  nothing  to  oonveit  me  to  the  view  (that 
it  is  best  to  run  the  sewage  straight  from  the  sewer  on  to  - 
the  sfuiface  of  the  filter  under  adl  oondotiona. 

1674.  What  would  you  think  of  natural  precipitatiim  as 
a  fixet  step  7 — ^I  am  yery  much' in  favour  of  natural  deposi- 
tion, more  particularly  when  that  is  added  by  means  of  a 
tank,  a  good  many  of  wfliddh  I  have  oonfirfcructed.  I  did 
not  design  the  original  tank,  but  I  sow  that  it  did  good 
work,  that  is  a  imk  at  Wimbledon,  which  was  made  in 
1876>  aasd  I  have  used  that  very  largely  with  excellent 
resuilts,  and  I  should  like  to  put  as  flftioitly  as  I  oan  what 
I  oonsftder  to  be  the  action  of  .the  tank.  We  know  that 
if  we  take  an  ordinary  sample  of  sewage  and  filter  it 
through  filter  paper  a  clarified  effluent  ia  the  result,  and 
for  all  practical  purposes  it  is  as  pure  as  an  effluent  that 
you  can  get  by  means  of  a  finttriate  ohemical  process, 
because,  of  course,  it  is  now  admitted  by  evezybody  that 
a  chemical  jnocess  does  practically  nothing  beyond  throw- 
ing down  suspended  matter.  There  ia,  I  believe,  a  small 
reduction  of  organic  matter,  but  in  pmotcce  I  do  not  think 
it  IS  worth  considering.  I  start  from  there  then.  I  have 
my  tank  made ;  it  is  illustrated  in  my  book  on  sewage. 
I  do  not  know  whether  there  is  a  copy  here  to  show  Uie 
Oommission  the  kind  of  arrangeoient.  But  in  the  tank 
I  pkce  a  bed  of  gravel,  and  I  cauae  the  sewage  to  flow  up- 
wards thiDOgih  that  bed  of  gmveL  In  that  way  the 
mineral  matters  themadyes  are  deposited  upon  the  floor 
of  the  tank,  and  tha  organic  matters,  the  floating  oiganic 
matiwiB,  such  as  grease,  and  bits  of  excrement,  and  so  on, 
that  will  not  aetfcle,  are  carried  up  into  the  body  of  the 
filter,  and  there  they  disappear ;  they  do  not  come  out 
in  iflie  end,  and  they  do  not  remain  in  th^e  bed  of  gravel ; 
they  disappear.  I  take  it  therefore  that  there  is  some 
agency  there  that  perhaps  I  do  not  undenAaod,  but,  at 
any  rate,  the  suspended  matter  does  disappear  in  the  bed 
of  gravel.  Then  the  effluent,  which  is  not  as  free  from  sus- 
pemed  matter  as  an  ordinary  chemdcal  efflu^it,  but  more 

free  from  suspended  m«tber  than  the  t^yiv^Km  effluent 

then  that  effluent  is  in  a  h^^hly  suitabie  condition  for 
application  either  to  land  or  to  an  artificial  filter. 

1675.  Do  you  think  that  by  natural  precipitation  you 
could  get  rid  of  such  matters  as  fibrous  matters,  paper, 
tea  leayes,  and  such  like  ;  would  they  sink  ndturally  ? — 
I  think  that  would  depend  entirely  upon  the  amount 
flowing  through  the  tank,  or  the  yek)city.  If  it  was  a 
laige  tank  with  a  low  yelocity,  of  course  the  matters 
whidh  are  nearly  of  the  same  speoific  gravity  as  the  sewage 
or  slightly  greater  would  settle  ;  in  a  small  tank  the  same 
matters  would  be  carried  through  without  settling  at  all. 

1676.  Then  you  are  of  opinion  that  it  is  quite  possible 
by  artificial  filtration  to  obtain  good  results  if  the  area 
of  the  filter  and  the  periods  of  xeeHi  are  suitable  ?— Oh, 
there  is  no  doubt  aboiit  that. 

1677.  You  spoke  to  ua  about  the  <^h*"TM»te  leading  from 
the  fitters— the  effluent  ohannelsT— I  spoke  confidently 
with  x«gard  to  that,  because  I  have  had  all  these  years' 
experience  of  it. 

167a  Do  you  think  it  a  wise  thing  to  provide  channels 
of  that  kEnd  for  the  purpose  of  ju(^g  of  the  effect  <rf 
the  effluent  on  the  ^eam  before  it  rMohes  it?— No,  I 
thinknot;  I  do  not  think  sa     I  haye  known  a  <ase  where 

wppose,  would  be  upwarda  of  1,000  times  greater  than 
tiie  vdkmie  of  efihient  going  in,  and  the  effluent  passed  in 
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that  case  sfanight  from  the  under-drains  of  the  farm  into   Mr,  w.  SL 
the  river.    Now,  ooviously  in  a  case  of  thet  sort,  the  only     ^^ 
means  you  have  of  asceitaining  whether  the  effluent  is       11 
good  or  not  is  to  test  it  from  time  to  time.    That  ia  one  ^^^ 
insiAnoe  that  I  have  in  my  mind  where  you  could  not 
appdy  that 

1670.  But  I  am  speddng  of  the  effluent  irom  aitificial 
filten.  I  rather  gathered  that  the  condition,  of  QiM  effluent 
channels  was  a  useful  test  of  the  efficiency  of  the  work 
perfionned,  and  taerefore  I  was  asiung  you  Whether  you 
would  not  consider  it  a  useftd  thing  before  passing  an 
effluent  into  a  stream,  whatever  the  stream  was,  for  ex- 
perimental purposes  to  have  an  effluent  channel  of  a  cer- 
tain ddetance  9—1  tij«nk  if  that  could  be  done  it  would  be 
a  most  desirable  adiunct  to  eivery  filter. 

1680.  Then  the  presence  of  green  vegetable  growth 
without  sewage  lungus  is  a  good  sign  in  such  channel  ? — 
I  think  that  you  may  take  it  that  if  you  find  a  channel 
containing^  sewage  effluent  only  or  sewage  effluent 
mixed  with  a  very  small  proportion  of  dean 
water,  and  you  find  no  sewage  fungus,  that  you  re- 
quire no  better  method  of  deteraxndng  whether  or  not  yxM 
have  purified  your  sewage.  I  would  rely  upon  that  far 
rather  than  I  would  rely  upon  any  analysis.  And  there 
is  one  thing  about  analyses  that,  (d  course,  not  being  a 
chemist,  I  have  not  been  able  quite  to  underaMand.  I  told 
tihe  Oommission  that  if  I  filtered  sewage  through  bktting 
paiper  I  cot  clarified  sewage,  the  same  as  if  you  treated  it 
chemtcafly,  and  you  see  on  an  average  you  wouW  haive, 
of  course,  a  reduction  of  organic  matter.  I  have  some 
results  in  my  book  on  sewage  which  I  should  have  liked 
to  refer  to— cwnparatiye  results— and  the  podnt  that  has 
always  appeared  to  me  to  be  rather  a  troublesome  one  to 
decide  is  this  :  If  you  take  that  effluentr— we  will  say  after 
you  have  passed  it  through  the  paper  filter— and  it  is  per- 
fectly clear  like  that  water  might  be  (skounng  wUh 
tumbler  of  water)  and  free  from  suspended  matter,  and 
you  mix  with  that  five  volumes  of  clean  water,  you 
reduce  the  albuminoid  ammonia  to  what  would  be  called 
a  safe  standard  ;  but  there  is  nothing  more  certain  thaa 
this,  that  at  the  end  of  the  week  that  would  be  a  stink- 
ing hquid,  whereas  if  you  reduce  that  albuminoad  am- 
monaa  to  tdie  same  standard  by  means  of  aitificaal  filteo  or 
land  that  effluent  does  not  go  putrid.  But  both  the 
w^era  have  the  same  amount  of  albuminoid  ammonia  to 
begin  with  ;  therefore  I  do  not  think  that  chemistry  tel]» 
us  all  about  the  subject 

16m.  That  was  rather  the  point  that  I  wanted  to  get 
at  You  have  spoken  to  us  about  the  presence  of  owd 
vegetable  growth  in  the  channel  as  being  a  good  sinil— 
That  IS  so.  o     o       — o 

1682.  Then  suppose  the  channel  wero  so  banked  up  that 
some  water  remained  in  it  to  a  certain  depth  always,  and^ 
tiiat  It  Tras  possible  to  have  fish  living  in  the  effluent  if 
fish  could  live  in  the  effluent,  that  would  be  aatiUb^ber 
mgn?— Well,  it  would  certainly  be  as  good;  I  do  not 
know  that  it  would  be  better.  I  think  the  other  is  an 
extremely  good  one. 

1683.  The  vegetable  ?— Of  courae,  where  you  have  fish 
living  another  question  comes  in  whioh  may  or  may  not  . 
apply  m  the  case  of  the  vegetable  growth.    IhdbMr  the 
thing  I  have  m  my  mind  may  be  common  to  both.    You  - 
cannot  have  fish  in  an  effluent  water  unless  you   have 
oxygen  m  the  water,  and  I  do  not  quite  know  how  the 
oxygen  gets  m  in  all  cases.    1  know  in  some  cases,  where  • 
there  is  plenty  of  leakage  in  the  sewers,  there  is  dia^ 
soifvea  oxygen  in  the  sewer  ^Hien  it  comes  to  the  work. 

1684.  Then  do  you  find  that  they  are  able  to  live  in  a 
very  impure  effluent?— I  think  they  must  have  oxygen. 
It  IS  more  a  question  of  oxygen.  I  have  seen  fish  in  the 
nver,  for  sample,  dashing  in  and  out  into  the  most  filthr 
^rj^SVw^ff  ^^"^^  remained  until  they  get  their  particle 
of  food  that  tiiey  saw  there,  but  they  instantly  aftemards 
came  back  mto  the  water  which  is  charged  with  oxygen. 

toid  us  the  difltoulty  of  estimating  results  merely  bv 
chemical  analyses  ^Yes. 

.l^i  l^.^^^'^  ^^  out  whether  by  means  of  an 
effluent  channel   it  was  possible   to  have   physiological 

aSmil  Sl^^^"^  '^  ^'^'**^^'  ^'^^^  *°^  ''^  <>' 

16^7.  Which  would  be  useful  in  judging  of  the  results 
of  either  land  or  artificial  filtration  ^And  you  would  sub- 
stitute the  fish  for  the  green  growth  7 

1688.  No?— If  you  find  them  both  there,  as  a  matter 
of  fact 
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Mr.w,s.      1689.  Yes,  that  is  so?— If  you  put  the  fish  there  the 
^^ff^^f     green  growth  would  grow  all  the  same. 

— ^  1690.  If  you  found  green  growth  and  fish  living  in  such 

2lJiilyi8Pe.  ^  oimnnel,  would  you  be  able  to  conclude  definitively  that 
that  effluent  was  not  un8ati8fact(»7  ? — ^Undoubtedly. 

1691.  Then  as  to  the  depth  of  filters.  Have  you  in 
your  experience  formed  any  opinion  as  to  the  depth  of 
filters  ?-~Tou  spoke  about  the  small  thickness  of  soil  at 
Wimbledon,  six  inches  I  think  you  said,  over  the  clay  ? — 
Ye«. 

1602.  And  you  said  that  the  effect  of  land  did  not  go 
bevond  three  feet  in  depth  1 — About  three  feet ;  that  is, 
organisms  have  not  been  found  at  a  greater  depth  as  a 
general  rule. 

1693.  Have  you  any  experience  to  show  how  deep  arti- 
ficial filters  may  safely  be  made  if  made  of  suitabR} 
material  7 — ^Four  feet  in  depth.  My  experience  leadA  me 
to  three  feet  as  being  the  best  depth.  I  have  gone  to  four 
feet,  but  I  am  making  them  three  feet  as  being  a  more 
satisfactory'  depth. 

1694.  Can  you  tell  us  where  we  could  see  any  examples 
of  modem  developments  in  artificial  filtration  besides 
those  which  are  quite  familiar  to  us  at  Sutton  and  Bark- 
ing ? — ^Have  you  seen  the  Barking  filters  ? 

1696.  Yon  were  telling  us  about  the  Barking  filters  ? — 
There  are  the  Wim*bledon  filters,  the  filter  at  Barking, 
and  there  is  a  very  interesting  filter  indeed  made  by  Mr. 
Baldwin  Latham  at  Friern,  Barnet,  because  there  the 
filter  has  been  in  operation  for  a  number  of  years,  since 
1886,  I  think,  and  the  efiluent  at  this  time  of  the  year  is 
going  into  a  stream  that  is  practically  as  small  as  itself, 
so  that  the  effluent  is  subject  to  a  very  severe  test  there, 
and  that  filter  has  stood  the  test  of  time.  I  think  it 
would  bo  very  interesting  for  the  Commission  to  see  that 
filter. 

1696.  Do  you  know  of  any  others  which  it  would  be 
interesting  for  us  to  see — ^typical  cases  ? — Of  course,  there 
are  lots  of  nroprietary  filters,  as  they  are  commonly  called, 
but  no  douDt  you  wiU  see  some  of  those.  There  are  cases, 
of  course,  where  these  filters  have  been  given  up  altogether 
;after  being  in  use  for  some  time. 

1697.  {Dr.  BtLsselL)  In  putting  crude  sewage  on  land 
^ould  there  be  the  same  tendency  to  chokagc  with 
mineral  matter  as  in  the  artificial  filtration? — ^Oh,  no, 
-«ir ;  in  the  case  of  artificial  filtration  it  is  concentrated 
upon  a  small  area ;  in  the  case  of  land  it  is  spread  over  an 

•extremely  large  area. 

1698.  And  more  or  less  by  agricultural  operations 
also? — ^And  then  the  agricultural  operations  are  carried 

•  on  which  cause  the  mineral  matter  to  be  mixed  with 
the  soil. 

1699.  Would  you  explain  how  it  came  about  with 
this  slope  in  the  case  of  that  clay  land  you  mentioned 
materials  that  it  proved  inefficient  for  purification? — 
Because  the  sewage  which  was  applied  of  course  at  the 
top  of  the  land  ran  with  great  rapidity  down  the  slope 
and  into  the  river  before  it  had  time  to  be  brought  into 
intimate  contact  with  the  top  layer  of  the  soil. 

1700.  What  would  be  the  depth  of  the  top  layer  in 
that  case  ? — ^It  was  very  thin  ;  it  certainly  was  not  more 
^han  about  five  and  a-half  inches  on  an  avei^e. 

1701.  Then  you  have  told  us  after  doing  ihe  very  best 
you  can  with  clay  soil,  that  you  can  oi^y  get  one-quarter 
of  the  work  out  of  it  that  you  can  out  of  the  best  soil 
available  for  land  filtration? — ^That  is  so. 

1702.  And  enormously  less  than  you  can  get  out  of 
an  artificial  filter  ? — ^Unless  we  went  on  with  our  amplifi- 
cation of  ashes  to  build  up  the  layer  of  filtering  material 
and  the  clay  to  a  greater  depth.  I  have  no  doubt  if  we 
went  on  for  a  number  of  years  and  eventually  got  as 
much  as  three  feet  of  tliis  porous  material  on  the  top 
of  the  bed  of  clay  that  we  should  be  able  to  purify  a 
larger  volume  of  sewage  than  we  are  able  to  at  present. 

170b.  But  I  thought  you  said  that  the  highest  point 
tl^t  you  thought  was  obtainable  was  about  a  quarter  of 
what  good  sou  would  give? — That  is  with  the  thickness 
of  material  that  we  have  got. 

170i  Fifteen  inches  ?— About  fifteen  inches,  but  I  do 
not  see  anything  to  prevent  if  we  continue  the  process 
of  gradually  buOding  up  with  greater  depth  of  filtering 
material.  T  do  not  see  any  reason  why  the  population 
limit  should  not  increase.  As  a  matter  of  fact  it  has  in- 
creased  from  about  100  per  acre  up  to  250,  and  I  do  not 
see  why  if  the  process  was  continued  it  should  not  go 


on  still  increasing  with  a  greater  depth  of  filtering  ma- 
teriaL 

1705.  Is  it,  likely  that  it  would  reach  the  efficiency 
of  the  best  available  natural  soil? — ^I  believe  it  would 
event«ally,  because  that  would  mean  that  your  original 
seven  or  eight  Inches  or  whatever  iit  may  have  been  of 
surface  soil  had  been  gradually  worked  into  your  targer 
amount  of  material  of  a  highly  porous  character.  It  wo  aid 
(lose  itself ;  in  short,  the  fine  surface  material  would  lose 
itself  as  it  were  in  the  more  porous  material  that  you 
put  on. 

1706.  These  facts  make  it  evident,  do  they  not,  that 
there  must  be  cases  of  large  populations  situated  in  the 
middle  of  clay  land  where  the  land  treatment  is  an  im- 
posBoibility  ? — ^If  the  area  of  land  is  limited,  undoulbtedly 
yo-i  must  supplement  the  land  by  means  of  artificial 
filters. 

1707.  That  very  interesting  observation  you  make 
about  the  condition  of  the  channels,  I  suppose  that  could 
be  followed  up  and  made  a  subject  of  laboratory  observa- 
tion by  taking  samples  and  keeping  shallow  vessels  in 
circumstances  corresponding  to  the  conditions  of  the 
channel  ? — Certainly. 

1708.  And  observing  what  happened  ? — ^That  has  been 
done.  We  have  done  that  at  Wimbledon  in  this  way. 
We  have  taken  samples  from  the  channels,  say  the  first 
channel,  the  second  channel,  the  third  channel,  and  the 
fourth)  and  of  course  there  is  a  gradual  increase  in  the 
amount  of  purification  effected  until  when  you  come  to 
the  fourth  channel  there  is  the  effluent  that  is  really  what 
would  be  termed  first-rate  effluent,  incapable  of  producing 
any  mischief  in  the  river. 

1709.  In  that  way  you  would  test  something  which 
mere  statement  of  chemical  analyBes  does  not  give  yon  : 
that  is  to  say,  the  stability  of  the  effluent? — ^Precisely. 

1710.  {Professor  Foster,)  I  think  you  said  that  putting 
aside  the  choking  by  mineral  matter  and  the  nuisance 
which  might  arise  to  habitations,  that  your  good  land 
would  take  equal  quantities  of  crude  sewage  and  clarified 
sewage  ? — ^I  believe  that  to  be  the  case. 

1711.  Boee  that  mean  with  the  question  of  the  land  there 
is  simply  the  passage  of  the  fluid  and  not  the  removal  of 
the  impurity  to  be  considered,  because  with  the  crude  sew- 
age there  is  more  impurity  to  be  removed,  is  there  not  ? — 
xes ;  it  is  this,  that  the  amount  of  liquid  that  you  have 
determines  the  period  of  rest  that  you  have  to  give  to 
the  land ;  that  is  to  say,  the  land  becomes  sewage  sick, 
not  because  of  the  small  amount  of  suspended  matter 
that  you  have  carried  out  with  the  sewage,  but  becaiise 
of  the  amount  of  liquid.  I  have  known  land  to  be 
sewage  sick  that  has  been  treated  with  clarified  sewage 
that  contains  no  suspended  matter  whatsoever  beyond 
perhaps  one  or  two  grains  per  gallon,  yet  that  land  has 
become  sewage  sick. 

1712.  May  I  take  it  the  great  thing  is  that  the  land 
should  allow  the  water  to  pass,  being  quite  sure  that 
if  that  water  does  pass  the  objectionable  things  will  be 
removed  ? — ^That  is  my  view. 

1713.  And  I  suppose  in  the  case  of  crude  sewage 
having  a  large  quantity  of  solid  matter  in  suspension — of 
decomposable  matter  in  suspension,  the  destruction  of 
that  takes  place  on  the  surface  really? — It  does. 

1714.  And  sewage  sickness  with  you  is  saturation  of 
the  soil  with  water — clogging  with  water  rather  than 
any  stoppage  ? — Oh,  undoubtedly.  I  have  known  the  very 
worst  case  of  sewage  sickness  I  ever  saw — ^it  was  abso- 
lutely cured  in  three  days  after  the  sewage  was  diverted 
from  the  field — ^three  days  afterwards  it  had  completely 
recovered  itself. 

1715.  Clogging  with  water  and  not  simply  a  stoppage 
of  organic  changes? — Oh  no,  simply  that  the — ^well,  I 
suppose,  to  put  it  in  familiar  language— organisms  must 
have  been  drowned  in  the  soil ;  at  any  rat^,  they  could 
not  perform  their  functions. 

1716.  How  do  you  judge  of  the  purification  which  hafi 
taken  place  by  the  land  method? — ^Personally,  if  the 
stream  is  a  small  one  I  invariably  inspect  the  stream.  If 
the  stream  is  a  very  large  one  relatively  to  the  amount 
of  effluent  w<e  merely  have  to  rely  on  the  chemical 
analyses. 

1717.  Of  the  drains? — Of  the  effluent  water. 

1718.  But  in  the  case  of  land  the  effluent  there  would 
be  in  diBons,  would  it  not? — ^It  would  be  in  sob-dndna 
probably,  not  necessarily,  but  probably.  But  whether 
it  is  in  sub-drains  or  whether  it  ia  in  open  channels  at 
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the  surface,  if  it  passes  into  a  very  large  volume  of  water 
probably  a  Qhemical  effluent  without  any  land  treatment 
could  not  produce  a  nuisance. 

1719.  I  was  rather  thinking  of  what  you  said,  that 
with  your  artificial  filter  you  could  bring  500,000  gallons 
par  acre  to  the  same  degree  of  purity  as  you  could  your 
30,000  gallons  on  land  ?— Tes. 

1720.  With  your  artificial  filter  you  have  your  effluent 
ihtixe  whioh  you  can  regularly  test;  it  passes  from 
below  the  filter? — ^Yes. 

1721.  On  your  land  you  take  the  effluent  from  the  sub- 
drains  ? — ^That  is  so. 

1722.  And  your  view  is,  I  understand,  that  a  physio- 
k>gical  test,  such  as  that  of  the  appearance  of  what  you 
call  sewage  fungus,  is  far  more  trustworthy  than  any 
chemical  analysis?— -I  think  so  undoubtedly,  and  I  had 
rather  an  interesting  experience  in  that  connection  in 
1880,  I  think  it  was,  or  1^2,  where  an  action  was  brought 
ai^inst  the  Croydon  Rural  Sanitary  Authority,  which 
has  been  rex)orted,  and  in  that  case  the  effluent  water 
coming  from  tftie  farm  when  analysed  appeared  to  be  ex- 
tremely pure  from  the  albuminoid  ammonia  point  of  view 
and  so  on,  but  it  contained  lai^e  quantities  of  sewage 
fun^s,  and  the  sewage  fungus  settled  in  a  pond  at  the 
point  where  the  effluent  pipe  discharged  into  the  Wandle. 
There  was  a  large  backwash  that  had  been  scoured  out. 
The  sewage  fungus  settled  in  tha^  pond  and  formed  an 
extremely  offensive  deposit.  The  consequence  was  that 
the  riparian  owner  has  obtained  an  injunction  against  the 
authority.  The  case,  of  course,  is  reported  in  the  Law 
Reports.  That  bears  out  what  I  say,  that  you  cannot 
regard  chemical  analysis  as  being  conclusive  evidence  of 
the  purity  of  an  effluent. 

1723.  I  rather  gather  that  in  the  case  of  some  of  these 
channels  the  sewage  fungus  did  not  make  its  appearance 
at  the  commencement  of  the  channel? — ^No. 

1724.  But  later  on,  after  a  quarter  of  a  mile  or  so  ?-^ 
The  sewage  appears  to  be  too  strong — ^the  crude  sewage— 
to  grow  fungus. 

1725.  I  am  speaking  of  the  effluent  from  the  filter? — 
CMi,  it  will  appear  immediately  at  the  exit. 

1726.  Immediately? — ^In  many  cases  you  see  it  outside, 
actually  growing  on  the  pipe,  and  perhaps  into  the  pipe 
which  discharges  the  effluent  into  the  stream.  I  noticed 
that  at  Horsham,  where  the  artificial  filters  failed.  There 
the  stream  from  the  point  where  the  effluent  pipe  entered 
it,  down  for  a  considerable  distance,  there  was  an  im- 
mense amount  of  sewage  fungus,  and  it  was  actually 
growing  in  the  pipe  which  discharged  the  effluent  into 
the  stream.     I  have  also  seen  it  in  other  cases. 

1727.  But  have  you  in  your  experience  met  with  cases 
where  an  effluent  channel  of  some  length  exists  and  the 
effluent  appears  to  be  free  from  what  you  call  sewage 
fungus  as  it  issues  from  the  filter,  but  appears  later  on? 
— ^The  only  case  I  know  of  is  that  Croydon  case,  and  there 
was  a  man-hole  on  that  effluent  channel  about  half  way 
down  its  length — ^the  effluent  conduit,  rather. 

1728.  That  is  a  closed  effluent,  not  an  open  channel? — 
A  pipe,  that  is.  That  is  of  considerable  ledjyrth,  and  there 
was  a  manhole  on  that  about  half  way  down  its  length, 
and  I  examined  the  manhole,  took  off  the  cover,  and 
went  down,  and  the  sides  of  the  channel  there  were  simply 
a  bed  on  which  the  fungus  was  growing.  It  was  ob- 
viously growing  in  the  effluent  pipe,  the  same  probably  as 
it  was  growing  in  the  drains  under  the  land  itself. 

1729.  And  I  think  in  your  works  at  Wimbledon  you 
said  that  in  one  of  the  effluents — the  one  which  had  only 
been  partially  treated — ^you  have  green  conferval  and  sew- 
age fungus  growing  together  ? — That  is  so,  in  what  we  call 
the  second  run  of  sewage. 

1730.  So  that  the  green  conferval  can  erow  readily  in 
the  effluent  which  is  so  little  purified  that  it  bears  the  sew- 
age fungua  ? — ^It  certainly  did  not  grow  readily  ;  it  seemed 
to  be  a  struggle.  The  point  perhaps  had  arrived  when  the 
very  strongest  specimens  of  this  growth  were  just  able 
to  survive.  I  should  rather  regard  it  from  that  point  of 
view. 

1731.  (Professor  Bamsay,)  I  did  not  quite  clearly  catch 
whether  in  filtering  through  good  soil  taking  30,000  gallons 
a  day,  you  filter  intermittently  ? — ^Yes. 

1732.  For  how  long  is  the  liquid  run  on  to  the  soil,  and 
for  how  long  is  the  soil  allowed  to  remain  at  rest? — ^Well, 
practice  in  that  respect  varies  with  the  rapidity  with 
which  the  soil  can  dry  itself,  but  I  should  say  the  usual 
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practice  would  be  to  run  it  on  for  perhaps  from  thres  to    Mr.  w.'s. 
six  hours,  and  then  allow  it  to  dry  off  during  the  re-      <^^^ 
mainder  of  the  twenty-four  hours.  ^'Ifl^ 

1733.  Are  there  any  manufacturers  at  "Wimbledoa ;  are       ^'*^' 
you  bothered  with  trade  refuse? — JSlo;  ours  is  entirely 
domestic  sewage,  and  is  supposed  to  be  the  easiest  sewage 

to  treat  And  that  reminds  me  of  what  I  wanted  to  re- 
member before  the  adjournment,  and  that  is,  at  Wim- 
bledon at  this  time  of  year,  when  there  is  no  water  in 
the  subsoil  at  all,  which  helps  to  dilute  the  sewage,  our 
sewage  goes  down  to  about  22  gallons  per  head  per  day. 
It  is  in  a  very  concentrated  form.  The  number  of  people 
living  at  Wimbledon,  of  course,  is  the  same  as  the  num- 
ber when  we  have  30  and  35  gallons  per  head  per  day. 
The  result  of  that  is  that  our  sewage  is  extremely  offen- 
sive, and  we  have  to  deodorise  as  well  as  precipitate,  which 
is  a  most  important  distinction.  I  have  not  known  any 
other  case  where  it  has  been  necessary  to  do  that,  but  at 
the  preseqt  time  we  have  to  use  a  very  much  hirger  dose 
of  chemicals  in  treating  our  sewage  than  would  be  neces- 
sary if  we  simply  had  to  throw  down  the  suspended 
matter. 

1734.  And  what  do  you  deodorise  with  ?— We  deodorife 
with  lime,  and,  as  a  general  rule,  sulphate  of  iron,  and 
when  the  state  of  affairs  gets  very  bad  we  have  to  use 
permanganate  of  potash  as  well 

1735.  And  do  you  find  that  the  permanganate  has  any 
influence  on  the  filter  beds  ? — ^No ;  not  the  least 

1736.  I  suppose  the  colour  goes  very  readily  ? — ^It  goes 

instantly. 

1737.  (Chairman.)  Can  you  say  whether  it  produces 
any  effect  on  the  effluent  in  the  channels — ^the  deodoriaa- 
tion? — ^Well,  I  do  believe  this,  that  the  more  chemicab 
you  use  in  precipitating  the  solid  matters  the  more  diffi- 
cult it  is  to  purify  that  effluent  afterwards.  I  have  always 
noticed  that  in  our  high  level  sewage  at  Wimbledon,  which 
is  strained  in  the  manner  in  which  I  explained  to  the  Com- 
mission before  the  adjournment,  that  the  effluent  from 
those  filters  is  more  readily  purified  on  the  land  than  the 
effluent  from  the  other  part  of  our  system,  where  it  has 
been  chemically  treated.  Whether  it  is  that  we  leave  in 
the  natural  agencies  that  tend  to  purify  sewage,  or  what 
it  is,  I  do  not  know,  but  I  do  know  that  that  sewage  is 
more  easily  purified  than  the  sewage  that  has  been  che- 
mically treated,  that  is  the  final  purification. 

1738.  (Proffissor  Bamsay.)  Another  question  I  should 
like  to  ask  has  reference  to  the  ashes.  Vou  say  that 
your  ashes  are  increasing  in  your  hands,  and  you  require 
to  use  a  dust  destructor? — That  is  so. 

1739.  Is  that  material  which  is  left  after  the  dust  de- 
structor has  been  used  of  use  for  the  soil  ? — Tes ;  that 
material  is  of  two  classes.  In  the  first  place,  you  get 
lai^e  clinkers,  and  in  the  second  place,  you  get  a  quanti^ 
of  finer  material,  which  is  practically  of  no  service  as  it 
is  fine  ash,  and  so  on.  That  I  intend  to  have  used  on  the 
land  at  Wimbledon. 

1740.  The  fine  ash?— The  fine  ash.  And  after  we 
start  our  destructor  and  we  get  some  clinker  I  shall 
have  the  dii^er  broken  down  to  a  small  size,  and  make 
some  expenmental  filters  with  it,  and  the  chancee  are — 
of  course,  I  do  not  see  any  reason  why  that  should  not 
be  a  good  material — the  chances  are  that  we  shall  be* 
able  in  that  way,  instead  of  having  to  go  on  burning 
clay  at  a  great  expense,  to  use  that  material  for  our 
filters  as  we  require  to  extend,  because  I  have  found  in 
my  experience  with  filters  that  it  is  not  so  much  the 
kind  of  material  you  use  for  your  filter  as  the  size  of  the 
material. 

1741.  The  porosity  ? — The  aize  of  the  particles  forming 
the  filter. 

1742.  The  poxcsity? 

1743.  (Professor  Foster.)  The  character  of  the  spaces 
between  ? — ^The  character  of  the  space  between. 

1744.  (Professor  Bamsay.)  Are  thoee  ashes  of  any  use 
for  crops  ;  do  you  grow  good  crops  ?--0h,  we  get  magni- 
ficent crops. 

1745.  But  it  must  contain  a  great  deal  of  carbon, 
surely  ? — No  douibt. 

1746.  Coal  refuse  ?— Yes,  no  doubt ;  but  the  crops  that 
we  get  tfliere  seem  to  be  of  the  most  luxuriant  character. 

1747.  Then  when  you  prepare  the  clay  soil,  as  you 
apparently  do  there  by  putting  ashes  on  the  top,  does 
the  water  run  throttgh  the  ashes  and  then  over  the  day 
or    is    ijhere    any    soakage    into    the    ©lay?— I    ftdnk 
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Mr.W.s.   the     soaki^e    into    the     day— the     day     yoa     may 

^l^^*     take  it  is  impemous,  afbsolutely  imperviouB.     I  do  not 

'—l*'     believe  that  the  day  underneath  the  top  layer  does  the 

28  July  1808.  smallest  bit  of  j^rood  in  the  wt^  of  filtering  the  sewage  at 

all ;  I  do  not  believe  the  sewage  ever  gobs  into  it  at  sll. 

1748.  Then  is  any  attempt  made  to  imx  the  ashes  into 
the  clay  by  ploughing  or  trendmng? — ^Tes,  we  plough 
the  land  in  the  winter  eveiy  alternate  year;  we  plough 
with  a  very  large  plough,  which  leaves  the  land  veory 
rough.  Then  in  the  spring  we  spread  our  layer  of  ashes 
over,  and  then  that  is  worked  in  by  the  ordinary 
methods  of  cultivation  in  preparing  the  surface  for  its 
sowing  of  rye  grass  or  mangels. 

1749.  So  that  really  a  considerable  ppoporfaion  of  the 
clay  gets  brought  to  the  surface  and  mixed  with  the 
ashes? — Well,  I  think  we  have  got  beyoud  that 
state  now.  We  have  got  about  fifteen  inc/hes  of 
this  material  there,  and  our  plough  does  not  go  down 
more  than  about  eight  inches,  so  that  I  am  quite  sure  we 
never  reach  the  clay  at  all  now  with  our  ploughing. 

1750.  Is  it  possible  for  an  effluent  to  be  satisfactory 
near  the  filter,  and  ^et  to  putrefy  after  some  time,  after  it 
has  flowed  some  distance? — Chemical  effluents  will  un- 
doubtedly do  that  unless  they  are  passed  into  a  very  large 
volume  of  water,  but  I  am  quite  sure  that  good  land 
effluent  would  not  do  that,  or  a  good  effluent  from  filters. 

1751.  You  spcdce  of  the  advantage  of  connecting  the 
filters  with  the  river  by  means  of  a  fairly  long  channel ; 
nt  all  events  that  point  was  mentioned  ?--The  advantage 
in  my  mind  was  more  from  the  critical  point  of  view,  to 
see  whether  the  work  you  were  doing  was  really  good 
work,  not  the  questii<»i  of  ohemiical  analysis ;  although 
if  you  are  conducting  a  sewage  work  on  a  moderate  scale 
you  cannot  go  to  a  chemist  with  a  sample  of  the  effluent 
every  day;  it  would  be  simply  ruinous. 

1752.  But  would  it  not  be  possible  for  the  effluent  to 
run  out  from  the  filters  in  sudi  a  state  that  no  chsAige 
would  take  place,  and  that  no  change  would  take  place 
tlien  until  it  reached  the  nver  ?— I  do  not  think  that  any 
oliange  does  take  place  in  the  good  effluent ;  I  simply 
8ny  that  I  regard  that  as  a  satisfactory  method  of  asoer- 
tftiiKng  whether  or  not  you  have  done  your  work  properly. 

1753.  Tes,  but  my  point  is  this,  that  even  supposing 
you  had  a  bad  effluent  you  would  not  discover  it,  oecause 
no  change  would  necessarily  take  place  in  that  channel 
or  conduit  whidi  connected? — Tes,  you  would  get  your 
condui:t  full  of  sewage  fungus  then. 

1754.  (Professor  Foster,)  That  was  my  point,  whether 

with  a  very  short  conduit,  a  very  short  channel ? — 

You  would  get  sewage  fungus  at  once. 

1755.  You  have  not  met  with  a  case  of  filtrate  effluent 
which  appeared  to  be  perfectly  good  and  free  from  the  so- 
called  sewage  fungus  at  its  issue,  and  continued  so  for 

-some  little  time  along  the  channel,  and  then  eventually 
-  developed  it  ? — ^Xo ;  sewage  fungus  begins  at  once. 

1756.  (Chairman.)  There  is  one  question  about  which  I 
do  not  feel  quite  clear.  Do  I  understand  you  to  say  that 
you  consider  the  underdraining  of  clay  land  is  no  use  at  all, 
except  for  the  purpose  of  carrying  the  fluid  somewhere 
else  f— The  underdrainage  of  clay  is  a  mistake  if  it  is  clay 
pure  and  simple.  If  it  is  clay  that  some  people  would  call 
*' sandy  day*' — and  some  people  would  cedl  it  ''clayey 
sand/'  according  to  their  taste — ^then,  of  course,  an  under- 
drain  might  be  of  some  use  if  you  got  a  patch  of  that  sort  of 
stuff  where  water  would  tend  to  lodge,  wet  places  on  your 
land,  you  might  say,  "  I  will  just  put  a  drain  in  there  to 
run  off  that  water."  But  I  do  not  think  in  that  case  you 
should  allow  that  water  to  discharge  into  the  stream  ;  you 
•ought  to  run  it  out  into  the  surface  of  the  land  lower 
Klown,  or  leave  it  on  the  land. 

1757.  I  do  not  quite  underatand.  fChe  underdtrain- 
ing  of  clay  might  be  ^ood  if  you  could  do  like  you 
did  at  Leicester  7 — ^At  Wimbledon,  for  example,  our  farm 
has  a  slope  like  that  (illustrating),  and  then  we  get  down 
to  a  part  where  it  is  mudi  flatter.  We  have  a  few  under- 
drains.  I  told  the  Commission  that  we  took  up  a  very 
laige  number  of  underdrains  there  altogether  that  were 
damaging  the  farm.  These  drains  do  not  diacharge  into 
the  river,  but  they  discharge  into  a  carri^  on  the  farm, 
and  ^e  effluent  coming  out  of  those  drains  passes  into 
the  carrier,  and  is  re-applied  to  the  land  lower  down. 

1758.  Yes,  quite  so.  But  then  the  effluent  from  the 
point  it  enters  the  drain  to  the  point  at  whidi  it  comes 
out  of  the  drain  undergoes  no  change  ? — ^I  do  not  know. 
The  water  that  comes  out  here  from  these  underdrains — 
we  have  a  very  few  of  them,  but  the  water  that  does 
come  out  of  the  underdrains  is  very  much  better  than  the 
crude  sewage  that  goes  on. 


1759.  WeH,  but  then  is  not  that  rather  against  your 
argument,  that  it  is  no  good  to  underdrain  clay  ? — Then  I 
say  that  where  we  have  done  this  it  is  mJt  what  I  call 
"  pure  clay '' ;  it  is  more  of  what  you  mig^t  term  "  brick 


day." 


1760.  But  you  would  condemn  underdraining  in  pure, 
stiff  clay? — Absolutely.  I  know  for  a  fact  ihaJb  it  is  a 
great  mistake  to  put  a  single  underdrain  under  very  atiff 
clay. 

1761.  (Major-General  Carey.)  If  sewage  can  be  applied 
to  a  sufficient  area  of  suitable  land,  do  you  consider  that 
that  is  the  best,  and  the  most  satisfactory  means  of  dealing 
with  it  ?— Yes. 

1762.  In  preference  to  any  other?— I  prefer  that  to 
any  other. 

1763.  You  would  adopt  that  mode  of  treatment  in  pre- 
ference to  artifidal  filtraticm? — I  invariably  recommend 
all  the  authorities  I  am  advising — if  I  can  find  a  suitable 
area  of  land  I  invariably  recommend  them  to  go  to  it  in 
preference  to  any  other  system. 

1764.  It  is  only  in  a  case  where  the  land  is  totally  un- 
suitable, as  in  day  land,  that  you  recommend  artificial  fil- 
tration?— ^No,  I  should  not  recommend  artificial  filters, 
because  the  land  in  the  neighbourhood  was  aH  day.  I 
should  first  of  all  look  at  the  land,  and  I  should  ascertain 
the  quantity  that  one  could  procure ;  then  I  shouid  look 
at  my  population,  and  I  could  then  ascertain  whether  tiie 
population  was  likdy  to  increase,  and  if  so,  to  what 
extent.  Then  I  should  put  aU  the  facts  together,  and 
having  considered  the  matter  from  that  point  of  view,  I 
should  decide  whether  I  would  recommend  the  authority 
to  take  the  clay  soil,  or  adopt  a  chemical  procesa  and 
filters. 

1765.  As  to  the  maximum  portion  of  30,000  gaUons  of 
sewage  per  acre  per  diem  that  applies  to  the  flpeaaUy  pre- 
pared land  to  which  artificial  filtration  is  oompared  ? — 
That  is  so. 

1766.  Not  to  broad  irrigation? — Oh,  no. 

1767.  Can  you  give  us  in  that  proportioii  of  gallons  of 
sewage  per  day  tlutt  ought  to  be  applied  on  broad  iniga^ 
tion  farms  ? — ^I  should  certainly  not  go  for  ordinary  broad 
irrigation — I  should  certainljr  not  go  above  5,000  gaUons 
per  acre  per  day  unless  the  circumstances  were  extremely 
favourable,  and  I  think  it  would  be  more  prudent  under 
average  conditions  to  limit  this  to  something  like  3,500 
gallons  per  acre  per  day. 

1768.  About  100  population  to  tibe  aero  ait  30  gaUons 
a  day? — ^It  wouM  bring  you  down  to  acmiewhere  about 

that.  , 

1769.  Somewhere  about  thai?— Yes: 

1770.  And  as  I  understand  the  maxim um  of  30,000  gal- 
lons per  day  ia  a  maximum  under  any  oonditionB  ?-— Under 
any  conditions. 

1771.  Any  possible  conditions? — ^That  is  so.  If  jou 
were  to  say  w^hat  area  would  yon  require  for  a  ceitain 
population  under  those  drcumstanoea  with  a  flow  of  30,000 
gallons  per  day,  I  should  know  perfectly  well  that  if  the 
dry  weather  .flow  were  30,000  gaUone  per  day  the  average 
flow  for  the  whole  365  days  would  be  about  from  20  to 
30  per  cent,  in  excess  of  tuiat  because  of  the  lain.  Theire 
may  be  leakage  from  the  soU  and  so^  on.  Then  I  should 
say  I  want  to  provide  for  that  by  adding  to  my  area  som^ 
thing  like  20  per  cent,  to  provide  for  those  oonditiona. 

1772.  iVxr  the  stonn  or  rainfall  ?— Yea. 

1773.  Thott  is  to  be  included  in  the  30,000  gaUona,  the 
amount  of  drain  w»ter  that  you  are  godng  to  tKat  at  your 
works  ? — ^Yes,  and  in  dry  westher  vou  would  be  psobablj 
applving  something  like  25,000  gallons  per  acre  per  day ; 
you  have  got  then  a  little  maigini  for  the  w<eiL 

1774.  As  to  under-dnainage,  you  are  of  opinion  thai 
there  oug^  to  be  no  under-drainage  of  clay  subeoiJa. 
Does  that  apply  to  ordinary  subsoilfl  or  more  suitable  sub- 
soils, or  do  you  think  l£ere  miffht  be  under-drainage 
under  any  circumsitanceB? — ^I  think  on  porous  sous, 
whether  under^dittinage  is  required  or  not,  would  depend 
entirdy  upon  the  line  of  saturation.  You  will  find  in 
some  cases  in  vallejB  where  there  are  plenty  of  milla,  for 
example,  that  you  can  get  a  plot  of  land.  You  make 
your  examtmaitiKm,  you  &id  it  la  extremely  porous,  you 
find  you  come  to  the  subsoil  water,  say  at  two  feet. 
WeU,  you  want  more  than  that ;  you  want  to  lower  your 
subsoil  water  then  by  going  below  penhaps  the  fimb  mill, 
and  bringing  up  a  subsoil  drain  into  ifiiis  very  porous 
formation,  you  might  lower  your  suKsoil  water  to  the 
estent  of  four  or  fiye  or  six  feet,  and  in  that  case  you  are 
doing  good  work.    You  do  not  want,  in  that  case  obvi- 
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Diislj,  a  general  system  of  uiider<drainage ;  all  you  want 
to  do  18  to  lower  the  line  of  your  permanent  saturation  to 
^e  extent  to  whidb  you  wiish  to  go,  whioh  is  piobaibly 
Hmited  io  four  or  five  feet 

1775.  That  is  a  case  where  the  Auiboodl  is  to  a  certain 
extent  waterloggediT— To  a  certain  exbeot  waterlogged. 

1776.  Tau  want  to  reduce  the  subsoil  water.  I  am 
now  assuming  a  case  where  there  is  no  su-bsoil  water, 
where  you  simply  have  an  area  of  prepaiped  land  in  which 
to  apply  the  sewage,  say  at  the  rate  of  30>000  gallons  per 
acre,  without  subsoil  wateri  peifectlY  dry  to  a  d'opth  of 
six  feet ;  would  you  under-dxain  it  f — No,  I  should  nob 
put  any  under-drains  in  there. 

1777.  In  nfone  of  those  cases? — No. 

1778.  Ton  would  not  under-<bam  them  except  where 
ft  was  desizahle  to  lower  the  Wol  of  the  subsoil  where 
there  is  subsoil  water  and  you  want  to  lower  the  level 
of  it  1 — ^Tbat  is  my  practice.  I  simply  take  the  view  that 
you  cannot  convert  an  impervious  into  a  pervious  material 
by  putting  down  a  few  drains  undemeatik  it. 

1779.  But  I  am  assuming  that  tbe  whole  subsoil  is  per- 
viiMis  ? — ^I  go  upon  tihat  prioiciple  as  regards  the  clay,  and 
then  X  say,  as  regardls  the  otheiB  thelt  are  really  pervious, 
you  might  add  to  the  depth  of  your  available  filtering 
material  in  some  cases  by  lowering  the  subsoil  water,  and 
that  you  can  accomplish  by  a  very  moderate  amount  of 
undexHlrainage  indeed. 

1780.  As  to  artificial  filters,  do  I  understand  that  if  the 
area  of  filten  is  sufficient  to  fill  at  the  xwte  of  500)000  or 
half  a  mfflion  gallons  per  day  that  you  consider  that  the 
same  results  as  regards  puri^  would  be  obtained  as  from 
suitable  land  ? — I  think  that  is  so. 

1781-2.  But  not  with  a  more  restricted  area? — J^o. 

1783.  If  jou  were  to  double  the  quantiiby— a  milHon 
gdlons — you  would  not  produce  the  saone  nesults  or  the 
some  successful  results? — ^Noi  tihe  qualify  of  the  effluent 
would  fall  off. 

1784.  It  is  of  finit  importance  thet  the  area  of  the  filters 
should  be  sufficient  in  any  scheme  of  aitificial  filtration 
thsit  the  area  of  the  filters  should  be  sufficient  at  that 
rate,  the  rate  you  mention,  and  not  above  it? — ^That  is 
most  essential ;  I  would  not  certainly  go  above  it,  as  a 
general  rule. 

1785.  In  order  to  produce  a  first-class  efflueiA? — ^No. 

1786.  And  then  there  is  the  question  ako  of  manage- 
ment. I  presume  that  in  any  scheme  of  chemical  treat- 
ment and  artificial  filtration  finrtrrate  management  has  to 
be  exorcised  throughout? — It  has. 

1787.  Both  as  to  the  nature  of  the  chemicals  to  be  used 
in  the  ofhemical  treatment  and  also  in  the  management  of 
the  filtere  ? — ^That  is  so.  I  have  often  found  when  I  hare 
had  ohaige  of  works  and  visited  works,  you  find  the 
manager  for  some  reason,  he  takes  a  glass,  and  he  sees 
that  tiie  effluent  looks  bright,  and  he  thinks  that  it  is 
all  right  l%ere  is  a  great  disinclination  on  the  part  of 
managers  to  aeiate  their  land  or  the^r  artificial  filters, 
as  the  caae  may  be,  sufficiently.  They  think  very  often, 
as  it  is  coming  through  bright  and  clear,  that  that  is  the 
chief  object  they  hare  to  accomplish,  forgetting,  of  course, 
that  although  it  might  be  bright,  it  may  still  contain  a 
very  large  amount  of  putrescible  oiganic  matter,  and  that 
is  toe  great  lesson  that  these  men  have  to  be  taught,  and  it 
is  one  that  they  are  very  slow  in  leamingt  and  that  is,  the 
oon^ri»nt  aeration  of  their  filters  or  tbeir  land. 

1788.  You  cannot  always,  of  course,  as  a  rede,  rely  upon 
having  that  management,  fifstrclflss  managem«nt,  and 
supervision  ? — No. 

1780.  Therefore  it  does  afford  a  certain  objection,  I 
suppose,  to  the  use  of  artificial  filteirs— the  difficulty  of 
obtaining  the  first-class  management  and  efficient  super- 
vision am  against  land,  which  perhaps  might  to  a  certain 
extent  take  care  of  itself  ? — Well,  I  am  afraid  that  unless 
they  manage  the  land  properly,  and  unless  they  manage 
the  filters  properly,  they  wiU  get  bad  results  in  both 


1790.  With  regard  to  storm  overflows,  I  understand  j^^.  jur  ^ 
you  thought  tlu^  fire  times  dilution — that  is  to  say,  Crimp, 
assuming  the  daily  consumption  to  be  30  gallons  per  ^•'•^•'- 
head — 160  gallons    should    be    the    minimum    passing  ss  JtUy  i89g. 

through  ;    that  is  to  say,   you  wouM   let  the   rest  pasH      

off  by  the  storm  overflows?— -Yes,  I  think  that  unless  the 
ciroumstanoes  are  quite  exceptional  that  the  line  should 

be  drawn  there. 

1791.  That  would  be  the  safe  minimum  ? — ^Yes,  I  think 
so. 

1702.  Then  that  150  gallons  would  have  to  be  treated, 
would  it  not? — ^The  150  gallons  you  have  remaining  in 
your  works  would  have  to  be  treated  at  your  works.  But 
I  do  not  think  the  cut  off  ought  to  be  lower  than 
150  gallons  per  head  per  day. 

1793.  At  any  rate  you  would  have  to  make  provision 
in  your  scheme  for  that  margin  ? — ^Yes. 

1794.  In  addition  to  your  ordinary  sewage— dry 
weather  flow? — Certainly.  In  making  experimental 
filters,  for  example,  you  get  a  certain  result  in  the 
laboratory  to  a  square  yard  of  filter,  as  I  think  the  first 
Boyal  Commission  did,  but  you  cannot  rely  upon  doing 
exactly  the  Hame  thing  when  you  come  into  work,  becartie 
your  conditions  are  constantly  varying.  It  would  be- 
very  much  like  pouring  on  your  water  with  £^eat  care 
the  exact  quanlLty  to  be  applied,  the  exact  time,  and 
then  in  the  middle  of  it  somebody  comes  and  jogs  your 
elbow,  and  instead  of  getting  the  amount,  you  get  twice 
as  mucii.  Then,  of  course,  t^e  man  would  say,  "You 
have,  spoilt  that  experiment  altogether,"  and  that  is  just 
what  you  are  gettinp^  in  reality  at  the  works.  You  arc 
constantly  getting  tliis  tipping  out  of  this  very  much 
larger  quantity  than  you  get  under  average  dry  weather 
conditions. 

1795.  To  go  to  bacterial  filters,  have  you  tried 
bacterial  treatment  at  WuniUedon? — ^WeU,  of  course  we 
have  about  30,000  squore  yards  of  filters. 

1796.  Yes,  I  know? — ^And  we  use  them  intermftfcently, 
and  no  doul)t  the  purification  is  effected  by  means  of 
oi]ganlL6(ms.  We  certainly  have  not  called  them  anything 
but  filters,  but .  I  suppose  they  are  reaiy  bacterial 
filters. 

1797.  You  do  not  allow  the  same  intervals  of  rert  a» 
they  do  at  Exeter  and  Sutton  ;  there  is  no  rM:ular  period 
of  rest  after  the  filter  is  Ml,  for  instance  ?— We  are  work- 
ing our  filters  at  Wim>Uedon  now  in  the  same  way  that 
I  started  the  large  London  filter,  and  for  the  same  reason, 
that  I  do  not  quite  see  in  a  large  artificiid  filter,  5,000 
square  yards  in  extent,  for  example,  how  you  can  make 
every  cubic  yard  of  material  do  its  work,  and  no  more 
than  its  work,  and  the  whole  of  its  work,  unless  you  do 
it  in  that  way.  You  can  pofisibly  do  it  with  a  whole  net- 
work of  distributing  Channels  over  the  surface,  but  I  do 
not  see  that  there  would  be  anything  gained  by  such  a 
network;  of  course,  it  would  be  much  more  expensive 
than  the  very  simple  way  tJiat  I  adopted  there,  and  which 
I  have  carried  out  since,  of  throttling  the  ou'Uet,  and  allow- 
ing the  effluent  to  remain  in  contact,  say,  two  hours,  then 
draw  that  off  so  that  the  filter  gets  thoroughly  aerated 
before  you  resume  it.  That  is  really  why  that  was  done. 
In  very  small  Altera,  of  course,  it  is  very  much  easier  to 
wet  the  whole  of  the  surface ;  in  very  small  filtera  yon 
can  do  it,  'but  when  you  come  to  large  filtera,  an  acre  in 
extent,  it  is  extremely  difficult  in  my  view  to  make  evezy 
cubic  yard  do  its  own  work  in  any  other  way. 

1798.  (Colond  Harding,)  You  were  speaking  just  now 
about  the  necessity  of  good  management  in  land  filtration 
and  artificial  filtration.  Does  bad  management  of  a  filter 
— if  a  filter  becomes  thoroughly  choked  and  foul  in  yoTir 
experience,  do  you  find  it  necessarv  to  renew  the  material, 
or  will  rest  accomplish  the  restoration  desired  ?—(niai 
depends  entirely  on  whether  it  has  become  choked  with 
sludge  containing  a  lot  of  sand,  or  whether  it  has  simply 
become  choked. 

1799.  I  am  assuming  that  the  choking  is  not  due  to 
mineral  matter  ? — ^Then  I  think —  in  fact,  I  am  quite  sure 
that  the  filter  would  recover  itself  if  it  is  not  due  to 
mineral  matter. 


1213. 


X 


98 


BOYAL   COMMISSION   ON  SEWAGE   DISPOSAL 


SEVENTH    DAY. 


Tuesday,  18tk  October,  1898. 
— / 


PRESENT  : 


The  Earl  of  Iddesleioh  (Chairtnan  pi-ending). 


Mr.  W.  8. 

Curphey, 

W.I.O.,  r.c.s. 

18  Oct.  1898. 


Sir  Richard  Thorne  Thorne,  K.c.a,  f.r.s. 
Professor  Michael  Foster,  f.r.s 
Professor  Wiluam  Ramsay,  p.r.8. 
Major  Gen.  Constantine  Phipps  Carey. 


Mr.  W.  S.  OuBPHBT,  P.LO., 

1800.  (Chairman.)  Mr.  Cuzphey,  jou  are,  I  believe, 
Her  Majesty's  Inspector  for  Sootiand  under  the  Alkali 
Acts  and  the  Rirers  Pollution  Prevention  Act?— »I  am. 

180L  And  would  you  tell  us  what  former  offices  you 
have  held? — I  had  no  official  appointment  previous  to 
being  assistant  to  Dr.  B.  Angus  Smith.  I  studied 
chemistry  previously  to  that.  I  have  been  Inspector 
under  the  Alkali  Act,  since  1882,  since  the  Act  of  IBBl 
came  into  operation. 

1802.  And  under  the  lUvexB  Pollution  Prevention  Act? 
—Since  1896. 

1803.  Is  the  Inspectorship  under  the  Rivers  Pollution 
Prevention  Act  always  held  by  an  Inspector  under  the 
Alkali  Acts  ? — It  has  been  so  in  Scotland. 


1804.  And  do  you  think  that  is  a  good  arrangement?- 
The  duties  of  an  Inspector  under  the  Rivers  Pollution 
Prevention  Act  of  Scotland  are  not  very  heavy ;  they  are 
not  sufficient  to  occupy  the  time  of  an  official  fully. 

1806.  Do  the  Inspectors  under  the  Rivers  Pollution 
Prevention  Act  make  regular  reports?— ^o,  tb^  do  not ; 

that  is  to  say,  there  are  specisl  reports  after  every  inquiry, 
but  no  regular  general  reports* 

1806.  Gould  you  give  us  in  outline  the  duties  of  the 
Inspector  under  the  Rivers  Pollution  Prevention  Act,  and 
give  us  a  general  idea  of  how  the  Act  is  managed  f — So  far 
as  the  duties  of  the  Inspector  are  concerned  he  has  no 
initiative  whatever ;  he  makes  no  inquiry  unless  directed 
by  the  Secretary  for  Scotland ;  the  Secretarv  for  Scotland 
tikkes  no  action  in  the  matter  until  he  nas  been  ap- 
proached by  a  local  authority  or  by  a  private  party  seek- 
ing to  induce  action  by  a  local  authority.  When  he  lias 
been  approached  he  may  direct  the  Inspector  to  give  him 
further  information  if  that  be  required.  The  custom  has 
been  to  moke  what  is  caiUed  an  informal  inquiry  ;  he  visits 
the  factories  and  places  complained  of,  sees  the  com- 
plainants, and  also  the  people  complained  against,  gene- 
raUy  takes  samples  of  the  river  affected,  and  subsequently 
reports  to  the  Secretary  for  Scotland.  The  Secretary  for 
Scotland  then  considers  his  report,  and  acts  as  necessary 
under  the  circumstances.  The  Inspector  has  no  further 
duties  after  submitting  his  report. 

1807.  Is  the  number  of  cases  in  which  the  Secretary  for 
Scotland  has  been  appealed  to  large  ? — ^Not  at  all  nume- 
rous, considering  the  number  of  streams  polluted. 

1806.  Have  you  any  theory  to  account  for  this  com- 
paratively smaU  number  of  cases? — ^The  initiative  is  left 
very  much  in  the  hands  of  local  authorities.  I  am  not 
prepared  to  say  altogether  what  circumstances  influence 
their  action.  Sometimes  the  authority  itself  is  an  offender 
and  cannot  bo  expected  to  take  a  very  active  part  in  pre- 
venting pollution.  Action  is  very  likely  to  be  ham- 
pered by  inefficient  jurisdiction ;  there  may  be  authority 
over  a  small  portion  of  the  stream  only,  and  it  is  no 
inducement  to  attempt  to  deal  with  the  question  in 
a  piecemeal  manner.  In  tiie  case  of  i&e  Clyde  there  has 
been  a  good  deal  done,  I  understand.  The  Gyde  is  per- 
haps in  an  unusual  position  in  this  way.  Above  Glasgow 
it  is  all  situated  in  the  County  of  Lanark,  therefore  the 
jurisdiction  is  not  subdivided ;  it  is  a  populous  districti 
with  considerable  industries,  and  the  question  of  pollu- 
tion is  more  prominent  thui  in  many  rural  parts  of  Scot- 
land, where  the  population  is  sparse  and  the  industries 
very  limited.  In  Fif  eshire  also  the  Gountr  Oonnoil  have 
been  endeavouring  to  bring  the  Rivers  Pollution  Preven- 
tion Act  into  operation,  but  for  some  reason — ^I  cannot  say 
the  reason — ^it  has  not  actually  taken  definite  shape. 

1809.  How  many  inquiries  have  yon  yourself  conducted 
since  you  became  the  Inspector?— -There  have  been 
thirteen. 


Dr.  James  Burn  Rubsell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 

Mr.  F.  J.  Willis,  Secretary 

F.C.S.,  called  in ;  and  Examined. 

1810.  And  how  were  they  started? — ^In  eight  cases  the 
sanitary  authorities  under  the  County  Council  sought 
power  under  Section  6  of  the  Act  to  take  proceedings 
against  manufacturers  for  pollution ;  in  four  cases  private 
individuals  who  considered  they  had  reason  to  complain  of 
pollution,  and  had  approached  the  Local  Authority  unsuc- 
cessfully, sought  directions  from  the  Secretary  for  Soot- 
land  to  induce  action  on  the  part  of  the  local  authorities ; 
and  in  one  case  a  sanitary  authority  wanted  more  time  to 
develope  a  scheme  for  purification  under  Part  two  of  the 
Act  with  regard  to  Sewage  Purification. 

Since  1886  the  following  enquiries  have  been  made: — 


stream. 

Ijiitiator  of  Enquiry. 

Nature  of  Pollution. 

Gala        .       •       • 

Private  Party  - 

Dyeing  and  wool  scouring. 

Ruthven  • 

»                       H              •               * 

I^eing. 

Allander  • 

Local  Authority 

Sewage  and  manuftetnring. 

Locha    Long    and 

Private  Parties 

Solid  matten  and  sewage. 

GoU. 

LeTan  (Dambarton- 

•hlre). 
Gareloch 

n               n       '          ' 

Dyeing  and  calico  printing. 

County  Council 

Sewage. 

Doon 

— • 

Tar  and  sulphate  of  ammoni* 
manufacture. 

Irvine      - 

— 

Sewage. 

Leven  (FUeahlre)  • 

County  Council 

Sewage  and  manufacturing. 

Tweed  and  certain 

w                        »»           '              * 

ft                        n 

tribntartes. 

KUblmie  T^ooh 

fl                t»        *          " 

Tar  and  sulphate  of  ammooia 
manufacture. 

Clyde  and  certain 

If                  t«         *           ' 

Coal  washing. 

tribatarlea. 

Clyde 

»•                n       '          ' 

Tar  and  sulphate  of  ammonia 
manufacture. 

Xiddrie  Bum  - 

Private  Party  - 

Sewage  and  paraflhi  oil  manu- 
facture. 

Devon     • 

Oounty  Council 

Sewage  and  manufacturing. 

Duntocber  Burn    • 

Private  Party  - 

Sewage. 

Clyde 

County  Council 

Coal  washing. 

Don         •       •       • 

Private  Parties 

Sewage  and  manufacturing. 

Tay- 

Oounty  Council 

Sewage. 

DUUQation  of  whiskey. 

Spey    and   certain 

n                »•        "          " 

tribatarlea. 

Medwyn  (tributary 
of  Clyde). 

f»                 n        '           ' 

Paraffin  uU  manufacture. 

Tyne 

Private  Party  • 

Sewage  and  tannery. 

1811.  Are  you  in  favour  of  having  any  fixed  standard  of 
impurity  for  sewage 4)r  trade  refuse?— Not  one  standard 
to  be  of  uniform  application.  I  think  local  drcomstances 
influence  the  question  too  Iszgely. 

1812.  Will  you  give  us  your  reasons  whv  you  would  not 
liave  a  fixed  standard  % — ^The  position  of  the  works  on.  the 

streams  is  one  point— «t  the  works  situated  high  up  on 
the  atream  where  the  river  may  be  in  its  natural  oondi- 
tion — the  manufacturer  has  purer  water  to  work  with, 
and  if  a  standard  of  impurity  be  fixed  he  has  a 
certain  maii^  within  which  he  can  work,  and  still  not 
exceed  the  limit.  The  manufacturer  below  him  has  a  less 
pure  water  and  a  narrower  margin  to  work  in,  and  as  yon 
come  down  the  stream  it  may  be  that  the  lower  manufac- 
turers would  have  to  return  the  water  as  they  get  it.  l^en 
there  is  a  great  difference  in  the  quality  of  the  effluents 
from  different  manufacturers.  Some  are  more  easily  puri- 
fied than  others,  and  would  more  readily  comply  with  a 
standard ;  some  are  more  noxious  than  others,  if  a  stan- 
dard be  made  for  general  application  it  must  be  sufficiently 
lenient  to  allow  these  effluents  which  are  difficult  of  puri- 
fication to  comply  with  the  standard.  In  that  case  the 
standard  is  unnecessarily  lax,  fov  those  waters  which  are 
readily  purified.  Then  improve^'iients  may  be  made  any 
day,  as  this  is  a  queeticm  which  is  attracting  a  great  deal  of 
attention.  A  standard  which  may  with  difficulty  be  com- 
plied with  now  may,  with  improved  methods,  become  a 
very  low  standard  indeed.  Present  experience  points  out 
how  methods  have  advanced.  Making  a  standard  sets  up 
a  limit  beyond  which  advance  is  discourasfed,  because  a 
manufacturer  will  not  seek  to  do  more  than  the  standard 
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requires.  I  might  refer  to  the  valley  of  the  Spey.  l^e 
mAQufacture  of  whiskey  is  an  industiy  which  has  increased 
yexy  rapidly  in  that  dUstrict  during  the  hifit  few  years.  It 
was  formerly  more  limited  and  partially  spread  over  agri- 
ooltoral  countiT.  By  means  of  feeding  cattle^  etc.,  and 
by  land  irrigation  tiie  liquid  products  were  disposed  of. 
Kow  that  the  industiy  haA  expanded  so  greatly,  the  waste 
liquids  are  no  longer  sufficiently  disposed  of  by  these 
means,  and  some  of  the  tributary  rivers  are  very  much 
affected.  I  know  of  no  suitable  method  for  satisfactorily 
dealing  with  those  liquids  under  all  the  present  oircum- 
stances.  It  is  a  question  of  very  urgent  local  interest 
Proceedings  have  already  been  taken,  in  lihe  Court  of 
Session,  under  the  Common  Law  of  Scotland,  and  a 
County  Council  has  moved  in  the  matter  imder  the  Bivers 
Pollution  Prevention  Act.  Distillers  say  that  they  are 
deeiious  of  doing  what  they  can.  A  number  of  them 
have  joined  together,  and  have  offered  a  premium  of 
£2,000  for  a  suitable  method  of  dealing  witn  waste  pro- 
ducts. They  had  called  in  experts  previously,  but  iheee 
have  not  been  very  successful.  I  might  submit  a  copy  of 
the  conditions  which  are  attached  to  this  premium  of 
£2,000.     They  are  as  follows  :  — 

The  Subscribers  whose  names  and  designations  ai« 
printed  on  the  second  page  hereof,  hereinafter  called 
*'  the  Combination,"  hereby  offer  a  premium  of  £2,000 
to  a  person  devising  and  handing  over  to  them  for  their 
sole  use  and  behoof  such  a  scheme  for  treating  the 
bje-products  of  Distilleries  as  will  effectually  purify 
them  and  be  adopted  by  the  Combination,  and  that  on 
the  following  oonditiiMis,  viz.  : — 

L  The  money  shall  not  be  paid 

(1)  Unless  and  until  the  Cc»nbination  are  satis< 
fied,  by  practical  tests  carried  out  by  themselves 
or  others  authorised  by  them,  that  the  scheme 
proposed  satisfactorily  treats  all  bye-produots  of 
Distilleries,  and  for  this  purpose  competitors  shall 
be  bound  to  place  their  scheme,  if  required,  at  the 
disposal  of  tlie  Combination  to  be  experimented 
upon  by  them,  with  iJie  assistance  of  the  Com- 
petitor, either  on  a  large  or  small  scale,  and  that 
for  a  period  of  one  year  from  the  time  the  scheme 
is  placed  at  tb^  disposal  of  the  Combination,  or 
such  longer  or  shorter  period  as  may  be  agreed 
upon. 

(2)  Unless  and  until  the  Combination  are  satis- 
fied that  it  can  be  accomplished  at  a  cost  which  in 
the  opinion  of  the  Combination  is  reasonable. 

2.  Should  two  or  more  equally  effectual  remedies  be 
devised  by  two  or  more  different  persons,  the  Com- 
bination shall  have  the  power  of  deciding  to  whom  the 
premium  shidl  be  awarded. 

3.  The  power  of  selecting  the  persons  who  shall 
compete  shall  be  in  the  absolute  discretion  of  the 
Combination. 

4.  Samj^es  of  the  bye-products  will  be  pkoed  free 
on  rail  to  any  person  or  persons  the  Combination  may 
approve. 

5.  The  premium  shall  not  be  paid  unless  and  until 
the  scheme  is  handed  over  to  the  Combination  and 
?«6ted  in  them  as  their  absolute  property. 

6.  All  questions  or  differences  arising  between  the 
Combination  on  the  one  hand  and  a  competitor  or  com- 
petitors on  the  other  hand,  whether  as  to  the  meaning 
of  these  presents  or  any  other  question  or  difference, 
shall  be  settlBd  by  the  Combuiation,  who  appoint 
themselves  as  sole  ai^biters  for  this  purpose. 

I  agree  to  compete  on  the  foregcnng  conddtions. 

DISTILLERS  FORMING  THE  COMBINATTON. 

Thomas  Tool  and  Company,  Miltonduff  Distillery, 
Elgin. 

Glenloesie-Glenlivet  Distillery  Company,  Limited, 
Glenlossie,  Elgin. 

Gordon  Smith,  Gragganmore  Distillery,  Ballindal- 
loch. 

Glenmoray-Glenlivet  Distillery  Company,  Limited, 
Elgin. 

CraigeUachie-Glenlivet  Distillery  Company,  Limited, 
Csaigellachio. 

Benrinnes-Glenlivet  Distillery,'  limited,  Aberlour. 

Dailuaine-Glenlivet  Distillery,  Limited,  Carron, 
Strathspey. 

Imperii^  Glenlivet  Distillery  Company,  Carron, 
Strathspey. 

North  of  Scotland  Distillery  Company,  Carron, 
Strathspey. 

Tamdhu  Distillery  Company,  Carron,  Strathspey. 
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Geo.    and  J.   G.   Smith,   The   Glenlivet  Distillery,    Mr,w.s. 

Glenlivet.  Curphey, 

Parkmore  Distillery  Company,  Dufftown.  f.lc^.o.s. 

George  Cowie  and  Son,  Mortlach  Distillery,  Duff-  is  Oct.  isoa 
town.  

Glenfarclas^lenlivet  Distillery  Company,  BaUin- 
dalloch. 

John  Walker  and  Sons,  Limited,  Cardow  Distillery, 
Craigellachie. 

R.  Thome  and  Sons,  Limited,  Aberlour-Glenlivet 
Distillery,  Aberlour, 

Balmenach-Glenlivet  Distillery,  Limited,  Ballin- 
dalloch. 

The  Speyside  Distillery  Company,  Limited,  Kin- 
gussie. 

Linkwood-Glenlivet  Distillery,  Limited,  Elgin. 

Glentauchers-Glenlivet  Distillery  Comp5ny,  Mulben. 
William  Teacher  and  Sons,  Ardmore  Distillery, 
Kennethmont. 

Bearing  on  that  point,  if  the  standard  was  fixed  such 
as  these  people  could  comply  with  just  now,  if  this 
premium  were  to  do  any  good,  or  if  subsequently  some 
large  improvement  were  imide,  t>nf  oould  go  very  much 
further  than  a  standard  fixed  to  comply  with  present 
knowledge. 

1813.  Do  you  think  that  in  particular  instances  fixed 
standards  could  do  any  good  ? — I  think  it  is  a  very  con^ 
venient  thing  in  certain  circumstances.       In  Scotland 
there  have  not  been  many  cases  of  the  kind ;   I  know 
of  only  two  that  are  now  in  operation.     One  is  in  conneo- 
tion  with  the  manufacture  of  paraffin  oil  on  the  River 
Breich.     Dr.    Stevenson  Macadam   and  Professor  Crum 
Brown  many  years  ago  were  fixed  by  the  Court  of  Ses- 
sions as  the  officers  to  inspect  these  works ;  standards  were 
fixed,  and  they  have  been  complied  with,  I  believe,  ever 
since.    They  have  been  found  very  useful  for  letting  the 
manufacturers  know  how  far  they  had  to  go  and  what  wa» 
considered  practicable  imder  the  circumstazioes.    Again, 
in  the   case    of  the  River   Esk,  which   is  polluted   by 
paper  manufacturere,  an  official  was   appointed    by  the 
Court    of    Session    to   inspect  the  waste  effluents,   but 
there  the  standards  are  not  so  definitely  fixed ;  they  are 
matter  of  mutual   agreement  between  the  official  ap- 
pointed by  the  Court  and  the  manufacturers,  and  thiey 
vary  with  the  different  factories.     Paper-making  effluents 
vary  very  much  in  impurity,  and  unaer  these  conditions 
the  standards  are  also  altered. 

1814.  Have  standards  been  fixed  in  connection  with 
the  Alkali  Acts  % — ^With  resaid  to  atmospheric  pollution^ 
yes.    There  has  been  a  gnraual  devolution,  one  might  fay, 
with  regard  to  those  standards.    The  Act  of  18^  only 
stipulated  that  a  certain  amount  of  the  muriatio  add  gas 
should  be  cdbdensed  ;  a  certain  amount — five  per  cent. — 
was  allowed  to  escape.     There  were  no  conditions  fixed 
in  the  first  Act  with  regard  to  the  manner  in  which  this 
escape  was  allowed ;    it  was  allowed  to  escape  in  any 

way,  dilute  or  concentrated ;  it  was  sufficient  il  06  per  cent, 
was  condensed.  After  some  years'  experience,  there  was 
another  Act  passed,  in  1874,  eleven  years  later.  In  it  the 
amount  of  muriatic  acid  was  limited  to  an  escape  of  5  per 
cent  of  that  evolved  or  to  0*2  grain  per  cubic  foot  of  air, 
smoke,  or  chimney  gases — it  was  no  longer  allowed  to 
escape  in  a  concentrated  form.  The  best  available  means 
were  to  be  used  to  prevent  the  escape  of  noxious  gases 
other  than  muriatic  acid.  Another  Act  was  passed  in 
1881.  It  made  no  alteration  as  regards  the  escape  of 
muriatic  acid,  but  the  gases  from  sulphuric  aoid  manu- 
facture were  brought  under  a  hmit,  vias.,  acidity  equiva- 
lent to  four  grains  of  sulphuric  anhydride  per  cubic  foot. 
At  this  time  also  a  number  of  other  works  were  brought 
under  inspection,  chemical,  manure,  and  various  other 
works.  For  these  no  standards  were  fixed ;  they  were 
to  use  the  best  practicable  means.  In  1898  another  Act 
was  passed,  extending  the  scope  of  the  Act  and  bringing 
some  other  works  under  inspection,  but  the  question 
affecting  the  limits  of  escape  was  not  alluded  to  in  that 
Act.  So  there  has  been  no  change  since  the  Act  of  1881 
with  regard  to  standards. 

1815.  Do  you  think,  speaking  generally,  that  the  best 
practicable  means  of  obtaining  purification  of  effluents 
are  generally  adopted  ? — ^No,  I  do  not  think  so. 

1816.  Do  you  think  more  inspection  is  required? — 
Yes.  I  think  inspection  is  quite  as  important  a  point 
as  provision  of  means  of  purification.  oSie  provision  of 
the  means  is  certainly  necessary,  and  it  is  necessary  that 
those  means  after  being  provided  should  be  kept  in 
operation.  I  do  not  think  there  is  any  guarantee  that 
that  is  so,  unless  independent  inspection  is  provided  to 
secure  it 

1817.  What  would  you  say  ought  to  be  the  units  of 
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Mr.  w.  5,    the  various  administrations  ? — I  think  the  river  basin  ; 
Cnrphey,     the  main  river  with  its  tributaries  should  be  the  unit    f 
v.r.o.,  F.C.9.  administration.      These  river  basins  also,  I  think,  should 
18  Oct.  1898.  be  under  inspection,  either  after  the  manner  of  inspec- 

tion  which  obtains  in  the  Mersey  and  Irwell  and  the 

West  Riding  of  Yorkshire,  or  after  the  manner  of  inspec- 
tion which  obtains  under  the  Alkali  Acts,   where  the 
inspectors  are  appointed  to  certain  districts.    It  would 
also  be  a  great  advantage  if  these  district  inspectors  were 
to  report  to  a  chief  inspector  or  district  Doards  to  a 
central  board,  where  the  work  done,  the  advances  made 
in  any  district  could  be  focussed  and  reported  upon  col- 
lectively, so  that  any  improvements  which  were  made  in 
any  particular  district  would  be  available  for  the  general 
advantage  and  genei^  adoption  all  over.       I  think  it 
would  be  a  great  advantage  if  the  knowledge  and  experi- 
ence which  is  daily  accumulating  were   collected  in  an 
accessible  form  and  made  generally  available. 

1818.  Would  you  have  an  inspection  of  the  rivers 
independently  altogether  of  the  local  sanitary  authority? 
— I  think  that  is  most  desLrable.  The  sanitary  authori- 
ties of  Scotland  at  present  liave  a  great  deal  to  do  with 
the  operation  of  the  Act ;  where  they  are  actively  dis- 
posed a  great  deal  may  be  done,  but  where  they  are 
indisposed  they  form  a  very  serious  obstacle  to  the  adop- 
tion of  the  provisions  of  the  Act.  I  might  call  your 
attention  to  a  report  of  my  predecessor,  Mr.  Fletoher. 
He  had  occasion  to  visit  a  small  stream  in  Perthshire 
which  had  been  complained  of.  Application  had  been 
made  to  the  Secretary  for  Scotland  to  call  upon  the 
Sanitary  Authority  to  take  action  against  certain  works 
wnich  were  polluting  the  stream  ;  they  had  refused  to  do 
so  at  the  request  of  a  private  party.  Mr.  Fletcher  went 
down  and  reported.  He  confined  the  existence  of  pol- 
lution, and  suggested  means  for  minimising  this  pollu- 
tion, and  reported  to  the  Secretary  for  S^tland.  The 
Secretary  for  Scotland  addressed  a  direction  to  the  sam* 
tary  authority  of  Aberruthven  that  those  snggestions 
should  be  enforced.  But  under  Section  6  of  the  Act  the 
Sanitary  Authority  has  the  option  of  reconsidering  the 

Question,  and  deciding  whether  it  will  put  into  force  the 
irection  which  is  sent  hj  the  Secretary  for  Scotland, 
and  in  this  case  they  declined  to  do  so,  and  the  provisions 
of  the  Act  were  rendered  quite  inoperative. 

1819.  Have  you  anything  you  would  like  to  say  as  to 
tiny  general  conclusions? — ^The  general  conclusions  that 
I  have  come  to  are  that  I  do  not  think  it  is  desirable  to 
define  rigid  general  standards  of  purity.  Standards  may 
be  farmed  for  local  circumstances  but  not  for  general  ap- 
plication. I  do  not  think  it  is  desirable  to  fix  any  particu- 
lar method  of  purification  as  the  best ;  circumstances  vary 
so  much.  I  think  it  is  desirable  that  the  actual  and  con- 
tinued use  of  the  best  practicable  means  should  be  ensured 
by  inspection,  and  that  it  is  also  desirable  to  collect  and 
render  accessible  the  experience  and  knowledge  which  is 
daily  accumulating  and  will  continue  to  accumulate  with 
regard  to  preventing  pollution.  I  might  hand  in  four 
reports;  I  should  perhaps  have  said  that  four  reports 
have  been  issued.     {Bepoirts  handed  in.)* 

1820.  Are  these  under  the  Rivers  Pollution  Prevention 
Act? — Yes,  they  are  under  the  Rivers  Pollution  Preven- 
tion Act. 

1821.  And  these  are  the  only  four  ? — ^They  are  the  only 
four,  and  they  are  not  comtinuoas. 

1822.  (Mr.  KUlick.)  In  your  opinion  veiy  little  pro- 
gress has  been  made  in  Scotland  for  the  enforcement  of  the 
Rivers  Pollution  Prevention  Act  of  1876? — I  think  very 
littie  progress  has  been  made. 

1823.  And  you  attribute  that  to  the  sanitary  authorities 
containing  interested  parties  ?— That  the  stream  above 
«nd  below  is  polluted  and  the  difiSksully  of  proving  pollu- 
tion in  their  own  area. 

1824.  But  you  attribute  it  to  the  authorities  containiag 
interested  polluters  ? — ^They  may  have ;  that  was  not  ex- 
actly what  I  meant  to  convey.  Very  often  the  sanitary 
authority  as  a  body  send  the  sewage  into  the  streams.  I 
have  no  doubt  that  interested  polluters  have  some  influ- 
ence, but  how  far  that  influence  extends  is  not  very 
readily  proved. 

1825.  Also  you  say  that  the  stream  above  and  below  is 

♦The  Reporte  are  as  follows: — (1.)  Report  to  the 
Local  Grovernment  'Board,  by  Dr.  R.  Angus  Smith, 
F.R.S.,  1882  (CS3080).  (2.)  Second  report  to  the  Local- 
Grovernment  Board,  by  Dr.  R.  Angus  Smith,  F.R.S., 
1884  (C4085),  on  the  examination  of  waters.  (3.)  Report 
to  Her  Maiesty*s  Secretary  for  Scotland,  bv  Alfred  E. 
Fletcher,  iBsq.,  F.C.S.,  F.I.C.,  1888  (05306).  (4.) 
Report  to  Her  Majesty's  Secretarv  for  Scotland,  by 
W.  S.  Curphey,  Esq.,  1898  (C8847). 


polluted,  and  there  is  difficulty  in  proving  pollution  within 
their  own  area  ?— No ;  what  I  wished  to  convey  was  that 
a  sanitary  authority  with  a  limited  jurisdiction  might  en- 
deavour to  purify  a  certain  section  of  the  stream,  but  ac- 
tion in  that  case  was  discouraged  because  their  operations 
would  only  affect  a  small  part 

1826.  And  therefore  you  recommend  committees  or 
authorities  for  the  whole  of  the  basin  or,  as  we  say,  the 
watershed  ?— Quite  so. 

1827.  And  that  authority  you  think  should  be  a  com- 
bination of  local  authorities  or  a  Goremment  authority  ?— 
Personally  I  am  inclined  to  a  Grovernment  Department, 
which  would  be  more  powerful  according  to  my  own  ex- 
perience, but  the  advance  which  has  been  made  in  the 
Mersey  and  Lrwell  and  the  West  Riding  point  to  that  also 
being  a  very  suitable  method  of  dealing  with  the  question. 

1828.  In  Scotland  the  counties  have  a  concurrent  juris- 
diction over  the  rivers  with  tiie  local  sanitary  authonties  ? 
— ^I  am  afraid  I  do  not  quite  grasp  that. 

1829.  In  England  the  county  and  the  local  sanitary 
authorities  have  control  over  the  streams ;  is  that  so  in 
Scotland  ? — Could  a  couniy  deal  with  the  whole  of  a  stream 
by  itself  as  well  as  the  local  authorities  could  deal  with 
it? — The  Oounty  Council  is  practically  the  sanitary 
authodifcy. 

1830.  Whore  all  the  stream  in  in  a  county  the  Oounty 
Council  could  deal  with  it  ? — Quite  so,  yes. 

1831.  Where  the  stream  is  in  more  than  one  county  a 
combination  of  County  Councils  could  deal  with  it  ? — ^Yes. 

1832.  And  apart  from  Government  inspection  that 
would  be  the  best  authority  you  think? — ^I  think  so.  I 
may  say  that  in  connection  with  the  pollution  of  the 
Tweed  there  was  an  endeavour  made  to  come  to  some 
understanding  between  the  county  authorities  and  urban 
authorities  of  Galashiels  and  Hawick,  but  unfortunately 
my  official  position  does  not  enable  me  to  know  what  was 
the  course  of  events,  but  nothing  came  of  their  communi- 
cations witii  one  another;  they  could  not  come  to  any 
understanding. 

1833.  Supposing  watershed  committees  were  formed  of 
the  county  or  counties  covering  the  watershed  area  and 
each  authority  in  the  watershed  committee  had  a  right  of 
appeal  to  the  Local  Grovernment  Board,  would  not  that 
bring  in  the  Government  control  which  you  desire  9— Sap- 
posinff  there  is  a  committee  of  more  than  one  county  deal- 
mg  with  a  stream  and  the  duties  of  the  committee  were 
neglected  ;  if  any  constituent  authority — any  oounty — 
could  appe&l  to  the  Local  Government  Board  to  step  in  and 
see  that  the  work  was  done,  would  not  that  provide  the 
Government  control  which  you  desire? — ^The  initiative 
would  still  lie  with  the  local  authority,  would  it  not? 

1834.  That  is  so ;  but  with  any  local  authority  if  there 
were  more  than  one? — ^The  diffiV^ulty  in  Scotland  is  that 
the  local  authorities  do  not  seem  to  have  acted. 

1835.  You  think  that  would  not  be  sufficient? — ^I  am  in- 
clined to  think  not. 

1836.  (Dr.   BusseU.)  The  illustrations  of  the  establish- 
ment  of  standards  that  you  gave  were  with  reference  to 
t^raffin  works  and  the  paper  mills  and  polluted  streams ; 
those  were  instituted  after  an  inquiry  in  the  course  of  an 
action  at  common  law  ? — That  is  so. 

1837.  So  that  as  regards  these  particular  offenders  they 
were  put  under  exactly  the  system  which  you  would  think 
ought  to  be  instituted  by  some  general  law? — ^Yes,  that 
is  so. 

1838.  The  result  of  the  action  went  so  far  as  to  appoint 
in  some  cases  an  expert  chemist,  and  in  other  cases  an  ex- 
pert engineer  to  take  charge  of  the  particular  works  or 
set  of  works  and  to  see  that  the  standards  instituted  by  the 
Court  were  enforced  ? — Quite  sa 

1839.  You  think  that  that  ought  not  to  be  left  to  the 
accidental  raising  of  actions,  but  ought  to  be  made  auto- 
matic for  the  whole  country  by  some  general  legislation? 
— ^I  think  so. 

1840.  A  similar  system? — ^Yes. 

1841.  Of  course  you  do  not  come  here  as  a  lawyer,  but 
I  do  not  think  the  Commission  have  heard  anything  about 
the  Salmon  Fisheries  (Scotland)  Acts,  and  simply  to  get 
it  on  our  notes  I  would  ask  you,  are  you  aware  of  the  ex- 
istence of  such  Acts  ? — ^I  am  aware  of  the  existence  of  such 
Acts,  but  I  have  no  practical  knowledge  of  their  applica- 
tion at  all.  There  is  an  official  who  is  inspector  under  that 
Act.  Until  lately  it  was  Mr.  W.  E.  Archer,  who  was  in- 
spector under  the  Salmon  Fishery  Board,  and  he  was  re- 
cently appointed  Inspector  of  Fisheries  to  the  Board  of 
Trade,  and  a  successor  to  him  was  subsequently  ap- 
]M)inted  by  the  Fisheries  Board  of  Scotland.     He  no  doubt 
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is  familiar  with  the  Acts ;  I  am  not  in  a  position  to  say 
anyib^g. 

1842.  Tou  know  in  general  that  they  include  references 
not  only  to  mechanical  obstruction  in  the  shape  of  weirs 

but  also  to  the  introduction  of  poisonous  ami  injurious 
matters  into  the  rivers  ? — That  is  so.  The  Fishery  Board 
approached  the  Secretary  for  Scotland  some. time  ago  with 
regard  to  the  pollution  of  the  Don  in  Aberdeenshire,  and 
I  believe  they  are  still  taking  measures  in  regard  to  that. 

1843.  Commissioners  selected  from  the  proprietors  along 
the  banks  constitute  a  lk)ard  ;  perhaps  you  are  not  aware 
•of  that  9 — ^I  am  not  aware  of  the  working  of  the  Act. 

1844.  {Frofessor  Ramsay.)  I  should  like  to  ask  when 
the  Alkali  Acts  of  1863,  of  1874,  and  subsequently  of 
1881,  came  into  operation — ^was  the  standard  ngidly  en- 
forced from  the  very  beginning  ?— There  was  a  good 
deal  of  latitude  allowed  at  the  beginning  until  manu- 
facturers had  experien''^  in  dealing  with  the  question. 
There  was  a  good  deal  of  latitude  allowed  when  the  en- 
deavour to  comply  was  genuine.  That  with  regard  to  mj- 
self  is  wholly  a  matter  of  information ;  it  was  long  before 
I  was  connected  with  the  administration  ol  the  Acts  in 
any  way. 

1846.  But  since  your  time,  which  I  think  dates  from 
1881?— Yes. 

1846.  Have  the  Acts  been  rigidly  administered  as  re- 
gards the  total  amount  of  gases  escaping  and  so  on  f — ^Not 
rigidly;  accidental  matters  are  overlooked. 

1847.  Do  you  not  think  it  would  be  possible  to  lay  down 
^8ome  sort  of  system  of  standards  for  sewage  on  the  under- 
standing that  it  would  not  be  rigorously  enforced  from  the 
very  beginning,  but,  as  it  was  in  the  case  of  the  Alkali 
Acts,  be  left  greatly  to  the  judgment  of  the  inspectors ; 
there  appears  to  be  an  advantage  in  having  an  ideal  to  aim 
at? — ^That  seems  to  discount  to  some  extent  the  standard 
if  it  is  left  to  discretion. 

1848.  But  we  are  agreed  that  in  the  Alkali'  Acts  the 
-standard  was  discounted  in  the  same  way  ? — ^Tes,  that  is  lo. 

1849.  Any  sensible  inspector  would  not  unduly  press  a 
manufacturer  7 — Quite  so. 

1850.  Do  you  not  think  that  standards  for  sewage 
could   be   worked   in   somewhat   the   same   way? — My 

•experience  of  sewage  of  late  years  has  not  been  exten- 
sive. When  I  was  referring  to  the  standards  I  waa 
thinking  more  of  manufacturing  pollution  which  has 
«ome  more  frequently  under  my  observation.  With 
regard  to  sewage,  it  is  perhaps  in  a  different  category 
from  trade  effluents,  and  a  standard  might  possibly  be  of 
use  there,  but  I  think  even  there  it  should  'be  admini- 
stered with  a  good  deal  of  consideration. 

1851.  Could  thai  be  reached  by  each  Board  for  itself ; 
•eould  they  lay  down  certain  regulation  to  apply  to 
^certain  rivers  in  their  jurisdiction  which  would  act  as 
standards  practically  for  their  districts? — ^I  think  the 
focussing  of  the  experience  in  different  districts  would 
be  oi  great  value  in  that  direction.  The  experience  in 
one  district  might  serve  to  enlighten  the  experience  in 


another  district.    I  think  it  is  a  matter  that  should  be    Mr.  w.  8. 
gradually  arrived  at — ^the  question  of  standards.     I  think     Cvrphey, 
at  present  we  could  scarcely  ask  for  so  much  as  after  ^-^o-i  ^-^^ 
some  years  of  experience  and  education  of  the  manu-  isoct.  U08. 
facturers.  

1852.  (Sir  Richard  Tharne.)  The  same  idea  that  was 
embodied  in  Prc^essor  Bamsay  s  questions  was  passing 
through  my  mind,  and  it  was  this :  Would  it,  in  your 
opinion,  be  possible,  in  order  to  avoid  the  difficulty  of 
one  fixed  standard,  that  river  boards  should  be  allowed  to 
make  a  scale  of  standards,  and  apply  one  or  other  accord- 
ing to  differing  circumstances  within  their  area,  acoording 
to  their  judgment,   subject  to  an  appeal  to  a   central 
authority  ? — ^I  think  it  would  be  a  difficult  matter  to  draw 
up  varying  standards  of  that  kind. 

1853.  The  question  is  one,  I  admit,  that  is  involved  in 
difficulty  all  round,  but  what  is  the  meaning  of  the  *'  hedb 
practicable  means  '*  except  a  sliding  scale  standard  7 — 
Well,  that  is  what  it  comes  to.  One  great  advantage  of 
tlie  ''best  practicable  means"  is  thait  you  do  not  lay 
down  any.  limit. 

1854.  No,  but  it  involves  taking  every  case  into  Court 
t<i  prove  that  the  best  practicable  means  has  been 
adopted,  whereas  the  onus  of  proving  that  would  lie 
rather  upon  the  manufacturer,  wno,  for  his  own  interest 
is  polluting  tho  stream,  if  he  objected  to  any  one 
standard  that  the  Rivers  Board  imposed  upon  him? — ^It 
would,  no  doubt,  be  a  very  much  more  simple  thing  H 
there  were  standards ;  it  is  a  much  more  onerous  posi- 
tion to  take  to  have  to  decide  on  the  best  practicable 
means,  but  I  think  at  present  the  question  oi  standards 
would  be  difficult  to  define,  as  I  said  before. 

1855.  May  I  ask  you  whether  in  your  reports  with 
regard  to  pollution  of  rivers,  you  adopt  a  standard  for 
your  own  purpose  ? — Well,  that  question  has  only  arisen 
witli  regard  to  coal  washing,  where  suspended  matter 
was  the  chief  impurity. 

1856.  But  have  you  in  your  mind  a  standard  below 
which  you  would  advise  the  State  to  take  proceedings  ? — 
I  am  not  prepared  to  give  any  standard. 

1857.  Would  you  tell  me  if  there  is  a  standard  applied 
for  the  purpose  of  the  Fisheries  Board  of  Scotland? — I 
am  not  at  all  acquainted  with  the  workings  of  the 
Fisheries  Board. 

1858.  I  gather  that  you  are  very  strongly  of  opinion 
that  the  duty  of  initiating  proceedings  against  the  pol- 
luters of  rivers  should  t^.  taken  away  from  the  local 
authorities,  and  should  be  given  to  Itiver  Boards  or 
some  similar  body  ? — ^I  think  so ;  I  think  the  great 
weakness  of  the  present  Act  is  the  want  of  initiative  on 
the  part  of  the  inspector ;  he  can  do  nothing. 

1859.  I  suppose  Scotland  is  not  very  different  from 
England  in  this  respect,  that  when  a  man  wants  to  avoid 
being  interfered  with  in  certain  things,  such  as  the 
)H>llutiQn  of  a  stream,  he  often  gets  elected  as  a  member  of 
the  body  that  has  tiie  power  c^  initiaitLng  proceedings  ?— 
I  suppose  it  is  not  unknown. 


Mr.  Donald  Camxson,  City  Surveyor,  Exeter,  called ;  and  Examined. 


1860.  (Chairman.)  You  are  Mr.  Donald  Cameron,  the 
Oity  Surveyor  of  Exeter  ? — Yes,  my  Lord. 

1861.  And  an  advocate  of  the  septic  treatment  of 
sewage  ? — ^Yes. 

1862.  Would  you  give  us  a  short  description  of  the 
•objects  of  those  methods  of  sewage  disposal ?— The  aim 

I  had  in  view  was  to  bring  the  sewage  into  such  a  con- 
edition  by  arresting  the  solids  in  suspension  as  to 
make  the  filtration  on  artificial  filters  practicable ;  at  the 
same  time  taking  advantage  of  the  solvent  action  that 
goes  on  in  the  arrested  solids,  so  as  to  make  the  quan- 
tity of  deposit  or  sludge  as  small  as  possible. 

1863.  Would  you  give  us  any  description  of  the  ex- 
perimental tanks  and  filters  used  at  St.  Leonards  in 
Exeter  before  the  construction  of  the  present  works  ?^ 
The  first  tank  that  I  had  of  any  size  was  in 
part  of  the  public  grounds,  or  an  addition  that  was 
made  to  the  public  grounds  at  Belmont,  in  Exeter.  It 
is  a  small  tank,  dealing  with  tdie  sewage  of  about 
thirty  houses,  including  a  reformatory.  The  tmk 
was  12  feet  by  15  feet  and  by  2  feet  6  inches  in  depth, 
containing  about  3,200  gallons,  and  the  quantity  of 
sewage  flowing  per  day  was  at  the  rate  of  3,700,  or  a 
stay  in  the  tanks  of  about  20  hours.  Li  this  tank  very 
L'ttle  deposit  at  all  was  found  in  the  bottom,  but  a  very 
large  thickness  of  scum  formed  on  the  surface  of  the 
-.water.     The  ne]ct  tank  was  at  Belle  Isle,  close  to  the 
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works,  whichi  some  of  the  Commissioners  have  seen,  and 
it  was  for  the  purpose  of  showing  to  the  Corporation 
what  could  be  done  by  this  system  of  disposal.  The 
tank  was  designed  to  deal  with  a  quantity  of  sewage 
ranging  from  7,500  to  10,000  gallons  per  day,  the  sewage 
being  abstracted  from  the  St.  Leonards  sewer.  The 
capacity  of  the  tank  was  6,300  gallons,  and  the  stay  in 
the  tank,  thierefore,  was  at  the  rate  of  from  18  to  20 
hours.  There  were  no  filters  attached  to  the  first  tank  at 
all.  I  filtered  the  effluent  from  it  through  small  sand 
filters,  and  I  found  no  difficulty  in  dealing  with  it  in  that 
way.  To  this  first  tank  at  Belle  Isle  were  attached  two 
filters,  each  with  about  an  area  of  24  square  yards,  or 
combined  the  1-lOOth  part  of  an  acre.  The  filtrant  in 
these  filters  was  composed  of  coke,  small  coke,  as  it  came 
from  the  gas  works,  thrown  in,  without  any  screenings  or 
fliftings,  and  covered  over  on  the  top  by  a  layer  of  lime- 
stone chippings.  The  rate  of  filtration  after  the  filters 
were  some  time  at  work  was  from  150  to  200  gallons  per 
24  hours,  or  at  the  rate  of  510,000  to  nearly  1,000,000 
gallons  per  acre  per  day.  As  the  result  of  the  working 
of  this  installation,  the  Council  decided  to  construct 
larger  works  sufficient  to  deal  with  the  whole  of  the 
flow  of  the  St.  Leonards  sewer,  so  as  to  be  able  to 
show  to  the  Local  Government  Board  the  system  in 
practical  working.  They  felt  that  it  would  be  unfair  and 
useless  to  submit  to  the  Local  Government  Board  a  scheme 
of  this  description  on  paper  only. 


Jfr.D. 
Camenm 
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Jfr.  D.  1864.  And  then  would  you  next  give  us  the  nature, 

ameron.  ^j^^  quantity,  and  the  flow  of  the  St.  Leonards  sewage? 
18  Oct.  1898.  — The  sewage  conveyed  by  this  sewer,  as  judged  by 
the  quantity  of  oxygen  consumed  in  four  hours  at 
ordinary  temperature,  Mr.  Perkins,  the  Public  Analyst, 
found  to  absorb  3*158  grains  per  gallon.  I,  unfortunately, 
could  not  lay  hands  on  Dr.  RideaFs  report,  and  I  am 
unable  to  give  you  the  figure.  Dr.  Dupr6  found  it  to  be 
4-266  grains  per  gallon ;  Messrs.  Dibdin  and  Thudichum 
2-028,  and  Messrs.  Pearman  and  Meor  4*30.  I  may 
say  that  it  was  de^ed  by  the  Corporation  that 
we  should  be  able  to  deal  with  the  sewage  from 
the  city,  in  which  was  trade  refuse,  but  no  place 
could  be  found  in  the  city  to  lay  down  works 
that  would  do  this — ^lay  down  sufficiently  large  works  to 
do  it — ^and  the  distance  to  Belle  Isle  was  too  great  for  the 
outlay.  But  I  consider  the  average  sewage  of  the  city, 
that  is  the  trade  and  domestic  sewage  combined,  to  differ 
but  little  from  that  of  St.  Leonards.  In  this  case  I  have 
only  got  the  domestic  sewage.  St.  Leonards  has  no  earth 
closets  or  priwies  in  it ;  it  is  altogether  a  water  closeted 
district,  and  the  water  supply  is  about  the  rate  of  25 
^  ..  gallons  a  head.  The  distribution  of  the  flow  of 
No.  14  (A),  sewage  is  shown  by  this  curve.  {Tracing  produced.) 
—  That  curve  was  plotted  from  gaugings  taken  over  the 
24  hours  in  1895 — ^neartheend  of  summer,  1895,  I  think 
in  July,  and  that  gave  a  quantity  of  31,250  gallons  per 
day  as  a  maximum  dry  weather  flow  of  sewage,  ^b- 
sequent  gaugings  at  the  end  of  the  drought  of  1896,  and 
after  a  defective  brick  sewer  had  been  taken  up  and  a 
pipe  sewer  laid  down,  showed  the  flow  to  be  at  the 
rate  of,  in  round  figures,  35,000  gallons  in  24  hours,  the 
dLstrifbution  being  pmctically  what  is  shown  upon  that 
curve.  The  curve  shows,  that  for  the  five  hours  at  night 
from  half -past  one  till  half -past  six  in  the  morning,  there 
is  practicaJly  no  flow,  only  the  leakage  from  the  water 
taps,  or  about  four  gallons  per  minute,  and  that  the  bulk 
of  the  sewage  passes  from  half-past  six  in  the  morning 
for  16  hours  afterwards.  At  hau^ast  ten  in  the  day  it 
rises  to  a  maximum  of  a  little  over  56  gallons  per  minute, 
that  is,  at  the  rate  of  81,000  gallons  per  24  hours,  and 
that  was  the  figure  adopted  in  designing  the  works ;  that 
was  the  proposed  quantity  thiivt  the  works  should  deal 
with. 

1865.  Will  you  tell  us  what  provision  you  make  for 
the  storm  water  sewage  ? — ^In  this  case  in  order  to  avoid 
any  obstruction  to  the  flow  of  the  sewage  to  the  tank, 
and  so  as  not  to  have  a  valve  or  pen  stock,  which  if  shut 
down  partiaDy,  to  regulate  the  flow,  would  inevitably  keep 
the  floating  particles  from  getting  into  the  tank.  I  had  a 
pipe  laid  at  such  a  gradient  that  it  would  convey  125,000 
gallons  per  day  to  the  tank,  and  the  only  provision  made 
for  the  storm  water  was  for  the  difference  between  the 
normal  flow  of  sewage  and  this  quantity  of  125,000 
gallons.  As  a  matter  of  fact,  only  122,000  gallons  ever 
came  to  the  tank.  That  is  the  biggest  record  Uiat  we  have 
got.  I  should  say  that  the  storm  sewage  question  is,  I 
think,  of  any  the  most  difficult  to  deal  with. 

1866.  I  am  not  sure  that  I  quite  follow  you.  Do  you 
mean  that  a  storm  water  overflow  has  never  been  neces- 
sary ?— -Oh  !  no,  my  Lord ;  any  quantity  over  and  above 
the*  1122,000  gallons  went  by  storm  overflow — which  I  shall 
describe  further  on — ^into  the  river.  I  should  like  to  say 
first  something  on  the  storm  water  question.  At  present 
the  provision  made  for  storm  water  is  iby  allowing  in  the 
sewers  for  a  quantity  of  rainfall  equal  to  one-quarter  of 
an  inch  spread  over  the  24  hours,  one-quarter  of  an  inch 
of  rainfall.  In  Exeter  this  would  mean,  with  the  area 
that  we  have  got  to  deal  with,  five  times  the  normal 
sewage.  The  quantity  over  and  above  this  flow,  that 
is,  i  of  an  inch  per  24  hours  at  maximum  flow  of  the 
domestic  sewage — anything  over  and  above  that  goes  by 
storm  overflow  into  the  river  or  into  the  streams.  These 
storm  overflows  come  into  action  according  to  the  rate  of 
flow  of  sewage  in  the  sewer.  I  think  regard  should  be 
bad  to  the  fact  that  it  is  not  so  much  a  continuous  provi- 
sion for  storm  sewage  that  is  required  as  an  arrangement 
whereby  the  first  washing  from  the  street  and  sewers  could 
be  conveyed  to  the  outfall  works.  If  that  were  obtained,  if 
that  first  wash  could  be  secured  and  prevented  getting  into 
the  water  courses,  it  is  not  of  so  much  importance  that  the 
remainder  of  the  storm  water  should  be  kept  out.  For 
instance,  suoh  a  day  as  we  had  yesterday,  after  the  heavy 
fain  of  the  morning,  in  the  afternoon  the  storm  water 
would  not  be  so  polluted  as  at  the  beginning  of  the 
heavy  rain.  In  order  to  obtain  the  first  washings  from 
the  town  I  would  rather  propose  or  suggest  that  storage 
miould  be  provided  at  the  works,  into  which  the  sewer 
fliMild  discharge,  and  when  the  storage  is  nearly  used  up, 


that  it  should  bring  into  operation  a  storm  overflow. 
Whenever  it  is  full  up  it  should  cause  the  surplus- 
storm  sewage  to  overflow  by  storm  overflow  outside  the 
works.  Suoh  a  condition,  of  course,  could  be  devised  after 
it  has  passed  through  the  tanks,  but  I  think  it  would  be 
preferable  to  have  it  before  it  enters  the  tanks.  Under 
these  conditions  a  storm  overflow  could  be  provided  that 
would  be  independent  of  the  rate  of  flow  in  tiie  sewers, 
and  only  come  into  operation  after  the  first  great  wash 
from  the  town  has  been  prorided  for. 

1867.  Would  you  tell  us  the  means  used  in  inter- 
cepting sewage  to  the  tank  % — ^In  order  to  get  the  sewage 
containing  all  the  solids  that  the  sewer  had  brought 
along,  I  had  the  main  sewer,  wluch  previously  led  into 
the  river,  cut  across  8jr  inches  below  the  invert,  and  the 
pipe  from  the  tank  was  led  away  from  this  cut ;  at  the 
same  time  I  had  a  weir  put  in  the  invert  of  the  sewer 
on  the  down  stream  side  of  this  cut,  so  as  to  give  a  head  of 
16^  inches  on  the  drain  leading  into  the  works.  Any 
quantily  of  storm  water  over  and  above  what  the  drain 
can  carry  goes  by  that  storm  overflow  or  by  that  weir  into 
the  river. 

1868.  And  the  means  used  for  arresting  the  detritus 
carried  down  by  the  flood  waters  I — {Plan  put  in.)  Appendix 

On  plan  the  sewer  or  drain  leading  to  tlie  tank  Is  -— 
divided  at  a  manhole  into  two  branches,  each  branch 
leading  into  what  I  call  grit  chambers.  On  the  section 
above  is  shown  these  grit  chambers  in  longitudinal  ver- 
tical section,  and  the  inlet  pipes  from  the  sewer  are 
ccmveyed  half  way  down,  or  five  feet  below  the  surface 
of  the  water  into  these  chambers.  Up  till  July,  1897, 
that  was  the  only  provision  made  for  arresting  the 
detrital  matter  or  the  grit.  After  the  visit  of  General 
Orozier  in  June,  1807,  I  put  a  small  grit  chamber  on  ike 
drain  as  it  comes  out  of  the  main  sewer,  and  whenever 
that  had  to  be  cleaned  out,  the  contents  were  stirred  up 
tni  there  was  nothing  but  detrital  matter  left,  and  that 
taken  away  and  kept.  From  that  period  that  grit  cham- 
ber has  arrested  all  the  heavy  gritty  matter  which  has 
come  down. 

1869.  (Professor  Bamsay.)  Which  is  that— is  it  M  H 
on  the  plan  ? — ^It  is  beyond  that ;  it  is  further  up  in  the 
Lane.  As  the  drain  comes  away  from* the  main  sewer; 
it  is  a  very  small  pit,  4  feet  by  1  foot  6  inches  by  4  feet 
deep.  I  may  say  that  considerable  difficulty  was  found  ixk 
getting  the  solid  matter,  especially  the  fat,  into  this  drain. 
I  devised  several  means,  covering  it  over  with  an  iron  plate 
bent  to  the  section  of  the  pipe,  but  the  fatty  matter  caught 
under  the  iron  and  accumulated  there.  'Wliat  I  have  now 
done  is  to  invert  a  funnel-shaped  or  a  trumpet-«haped  form 
to  the  mouth  of  the  drain,  whereby  all  the  fatty  matter  and 
any  matter  stirred  from  the  bottom  drops  into  the  drain' 
and  is  carried  to  the  tank. 

1870.  {Chairman.)  Would  you  give  us  a  description 
with  the  dimensions  of  the  tank  itself  ?— The  tank  is  7 
feet  to  7  feet  9  inches  in  depths  taking  it  along  the 
middle  line  ;  it  is  ten  feet  inside  the  grit  chambers,  and 
7  feet  3  inches  at  the  outlet  end ;  at  the  sides  it  is 
7  feet  6  inches  and  7  feet.  The  length  over  all,  including 
the  grit  chambers,  is  64  feet  10  inches,  and  the  width  c? 
the  tank  18  feet. 

1871.  And  a  description  with  dimensions  of  the  filters  ? — 
Yes,  my  Lord.  I  should  like  to  mention  that  the  tank 
is  arched  over,  as  shown  upon  the  section  at  the  end  of 
the  plan,  and  in  it  there  are  3  manhole  openings,  one 
over  each  grit  chamber,  and  one  at  the  extreme  end  of 
the  tank.  There  are  also  provided  plug  holes,  three-inch 
iron  pipes  let  into  the  concrete,  along  the  ridge  of  the 
tank,  and  one  at  each  side,  for  the  purpose  of  taking 
the  depth  of  the  deposit  in  the  tank.  There  was  also  an 
attempt  to  show  by  an  inspection  chamber  in  the  body 
of  the  tank  what  occurs  inside ;  an  inspection  well 
with  windows  was  provided,  but  further  than  seeing  the 
increase  of  the  deposit  at  the  bottom  and  the  thickness 
of  the  scum  at  the  top,  we  learned  very  little  from  it. 

1872.  Would  you  give  us  a  description  of  the  filters, 
with  their  dimensions? — There  are  five  filters  provided, 
each  having  an  area  of  80  square  yards,  with  a  depth  of 
5  feet.  One  of  these  filters  is  always  at  rest.  On  the  bot- 
tom of  the  filters  are  laid  a  series  of  field  drains,  which 
convey  the  filtrate  into  discharging  wells  :  over  and  around' 
the  field  drains  is  6  inches  of  graveL  The  whole  of  the 
works  I  may  say  are  built  in  concrete,  and  the  tank  arch 
also  of  concrete. 

1873.  And  what  filtrants  do  you  employ?— In  Nos.  1, 
2,  4  and  5  we  have  got  a  depth  of  4  feet  6  inches  of  fnmaee^ 
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•clinker  and  in  No.  3,  the  middle  one,  coke,  broken  to  paas 
.through  a  half-inch  ring  and  smaller.  Seveial  experiments 
were  made  to  find  out  which  was  the  best  filtrant,  deter- 
minations being  made  bj  estimating  the  nitrates  in  the  fil- 
trate, and  the  best  results  were  obtained  from  the  furnace 
clinker.  It  was  proposed  to  break  this  so  as  to  pass 
through  a  half-inch  screen  but  not  pass  through  an  eighth 
of  an  inch,  getting  the  dust  out  of  the  filtrant,  but  owing  to 
hurry  to  get  the  works  finished  a  good  deal  ot  the  filtrant 
was  larger  than  these  dimensions. 

1874.  Then  what  is  your  method  of  distributing  the 
tank  effluent  to  the  filters  I — ^Ihat  was  another  object  I 
had  in  riew  when  I  designed  these  works,  so  to  make  them 
independent  of  manual  attention,  works  which  could  be 
left  day  and  night  to  work  continuously  without  any  st- 
tention.  In  the  first  little  tank  with  filien  I  provided  an 
alternating  arrangement.  I  should  explain  that  the  filtra- 
tion is  not  by  allowing  the  liquid  to  flow  on  to  the  filter, 
and  then  through  away,  but  the  outlet  valve  from  lihe  filter 
is  shut  down.  The  effluent  flows  on  the  surface,  trickling 
down  to  the  bottom,  filling  up  till  the  filter  is  completely 
iuU,  and  then  discharged.  In  the  small  insiaDation  when 
the  filter  filled  a  small  quantity  of  the  filtrate  overflowed 
filled  a  bucket,  depressing  it,  thereby  evening  the 
valve  of  that  same  filter  and  discharging  it,  and  shutting 
the  valve  of  the  adjoining  filter  and  diverting  the  sewage 
to  the  adjoining  filter.  In  the  present  works  four  filters 
•are  worked  all  together,  and  the  arrangement  is  for  four 

filters.     The  same  thing  occurs,  but  it  is  a  little  more  com- 
vplicated.    If  we  assume  No.  4  filter  to  be  filled  it  will  dis- 
charge No.  2  filter,  which  has  been  standing  full,  and 
•divert  the  sewage  to  No.  1.    When  No.  1  filter  is  full  it 
will  divert  the  sewage  to  No.  3,  and  it  will  discharge  No.  4, 
When     No.     3     is     full     it    will     diecharge     No.     x 
^nd   divert   the   sewage   to    No.  2,  and  so  on.      Each 
of    these    filters   gets    a   rest   during    its    work    every 
day,    according  to   the   flow   of   sewage,    and    in   that 
connection  I  should  like  to  explain  that  I  have  made  no 
Afiangement  for  giving  a  regular  flow  to  these  filters.    The 
filters  have  to  tue  the  sewage  according  to  the  curve  of 
flow,  and  not  in  the  same  way  as  the  Sxet  experimental 
tank  was  supplied.    That  was  a  miiform  flow;  in  this 
<aae  the  flow  is  variable  and  the  filtexa  have  to  do  the  work 
as  it  comes  along,  but  considering  what  occurs  it  is  best  to 
assume  a  uniform  quantity  over  the  twenty-four  hours. 
These  filters  are  rested  in  the  following  order : — ^Nos.  1 
and  5  get  three  days  rest  in    eighteen  days,    and   the 
middle  three  get  four  days  rest  each  in  eighteen  da^.    If 
the  flow  of  sewage  is  such  as  to  fill  the  filters  six  times  in 
the  twen^-four  hours  two  of  the  filters  will  get  a  rest  of 
-eight  hours  each,  and  two  of  them  a  rest  of  four  hours 
each,  and  so  on  according  to  the  number  of  the  times  of 
fining. 

1875.  As  the  filters  only  empty  after  they  are  completely 
Med,  I  take  it  that  it  is  impossible  for  the  sewase  effluent 
to  wear  any  diannels  through  them.    The  filters  only 

•empty  after  they  are  completely  filled? — ^That  is  so,  my 
kid. 

1876.  Therefore  the  sewage  effluent  cannot  wear  any 
channels  for  itself,  can  it?— The  necessity  for  filtering  in 
this  way  is  occasioned  altogether  by  the  difficulty  of  die- 
tribnting  the  effluent  to  the  surface  of  the  filter  equally. 
It  ia  apt  to  go  down  in  pockets  alongside  the  channels,  and 
the  necessity  for  filling  them  up  is  to  bring  the  effluent 

.  as  intimately  as  possible  into  contact  with  the  filtrant^ 

1877.  What  are  your  automatic  appliances  for  supplying 
the  filters  with  the  effluent  and  for  dischaiging  the  filtrate  ? 
— That  consists  of  two  buckets  attached  rigicDy  to  a  shaft, 
■and  to  that  shaft  is  also  attached  the  outlet  valves  from  any 

two  of  the  filters,  and  the  inlet- valves  also  to  the  filters. 
There  are  two  sets  provided  in  this  case,  or  a  bucket  for 
each  filter.  As  one  filter  fills  it  will  overflow  to  one  of  the 
.adjoining  pair.  It  will  depress  the  bucket,  it  will  open 
the  valve  of  the  filter  to  be  discharged,  and  it  will  shut  the 
valve  of  the  filter  to  be  filled. 

1878.  Then  have  you  anything  more  you  would  like  to 
tell  us  as  to  the  work  of  the  filters  ?— There  are  three  diffi- 

•  culties  in  connection  with  working  in  this  way  that  I  should 
like  to  point  out  In  the  first  place,  during  the  night  the 
flow  hevm  small  the  filter  takes  a  long  time  to  fill,  and  a 
long  time  standing  full,  a  condition  which  does  not  help 
matters,  a  condition  which  is  not  favourable  to  good  work- 
ing. The  next  point  that  has  been  objected  to  I  radker 
think  is  an  advantage  myself,  but  it  has  been  objected  to 
that  the  filter  being  dischai^ed  with  a  rush  is  also  a  draw- 
back, but  I  think  many  of  the  products  that  would  other- 
wise stay  in  the  filten  are  carried  away  by  that  rush,  and 
air  is  more  uniformly  drawn  into  the  filtere  by  't. 
There  is  another  point,  and  the  most  serious  of  all ;  it  is, 

1213. 


Mr,D. 

C/AMMrOfL. 


when  one  filter  has  been  stopped,  which  has  been  working 

for  some  time.    I  have  not  provided   a   Talve  that  can 

be  operated  from  the  top,  a  man  has  to  get  down  into  ^g  oetTiass. 

one  of  these  wells  and  open  the  valve,  and  then  miJce  his      — '— 

escape  before  the  water  is  on  him,  and  as  a  consequence 

when  the  filter  is  stopped-off  a  large  volume  of  water 

remains  in  it,  and  'that  I  consider  a  distinctly  unfavourable 

condition  for  the  working  oi  the  filter.     But  I  may  point 

out  that  neither  of  these  objections  are  inherent ;  that  ia, 

that  they  all  can  be  got  over  by  suitaft>le  arrangements ; 

but  even  witAi  these  conditions  ci  all  the  analyses  that 

were  taken  of  the  filtrate  from  these  works,  none  of  thorn 

were  found  to  be  distinctly  unfavcurable. 

1879.  Would  you  next  tell  us  anytliing  about  the  nature 
and  depth  of  the  deposit  in  the  tank,  first  of  all  after  work- 
ing for  thirteen  months,  and  then  after  working  for  twenty- 
six  months  ? — ^After  thirteen  months  working,  that  is,  on 
the  31st  August,  1887,  the  depth  of  the  deposit  found  in 
the  tank  averaged  19J;  inches.  I  have  got  the  depths  here 
at  the  difl'erent  openings.  The  quantity  then  found  in  ihe 
tank  was  66^  cubic  yards  of  deposit,  which  was  of  the 
composition  given  by  the  analyses  then  made,  as  follows  : 
— 'Mosture,  88*14  per  cent. ;  mineral  matter,  7*90  per 
cent ;  loss  on  ignition,  3*05  per  cent.  Had  precipitants 
been  used  we  should  expect  656^  cubic  yards  of  deposit 

1880.  Ton  are  taking  a  cubic  yard  ? — Yes,  I  am  taking 
a  cubic  yard  for  every  thousand  persons  supplying  the 
sewage,  and  there  would  have  been  556j^  cubic  yards  of  de- 
posit in  the  tank  instead  of  the  66^  found  there.  Further 
measurements  were  taken  on  the  19th  November,  show- 
ing an  increase.  I  regretted  very  much  to  have  been 
unaible  to  show  you  when  you  were  at  Exeter  a  section 
of  the  deposit  from  the  bottom  of  the  tank.  I  was  prevented 
from  doing  so  by  the  manufacturers  failing  to  supply  me 
with  the  glass  tubes  that  I  wanted  for  the  purpose.  Since 
then  I  got  these  tubes,  and  the  next  best  thing  I  could  do 
was  to  have  tdie  result  photographed,  so  as  to  be  able 
to  show  tiiem  to  you.  {Photographs  produced,)  The  tube 
shown  in  the  photograph  is  of  glass  a  little  over  an  inch 
in  diameter,  with  a  valve  at  the  bottom,  which  can  be  shut 
and  made  tight.  The  tube  was  passed  slowly  down 
through  the  deposit  until  it  rested  at  the  bottom  and 
allowed  a  certain  time  to  rest  Then  the  valve  was  closed, 
the  tube  drawn  up,  and  the  photograph  taken  of  it  as  it 
stood.  Upon  the  photograph  that  you  have  there,  that 
band  across  it  represents  two  feet  in  height,  but  I  ob- 
served that  while  the  depth  oi  water  in  the  tank  was  7  feet 
3  inches,  in  the  tube  it  did  not  come  up  to  7  feet  3  inches. 
I  assume  that  the  deposit  was  so  tenacious  that  it  prevented 
the  water  getting  into  the  tube,  and  from  being  pushed  up 
so  as  to  give  the  full  measure  of  the  depth  of  uie  tank,  the 
difference  between  the  depth  shown  in  the  tube  and  the 
depth  of  the  tank  I  have  added  as  deposit  That  one  in 
your  hand  now,  estimated  in  that  way,  shows  33^  inches  of 
deposit  in  the  tank. 

1881.  That  is  for  26  months^  working?— For  26 
months'  woridng. 

1882.  Then  in  the  first  13-  months  the  deposit  averaged 
194  inches,  and  in  douUe  that  time  it  had  only  incresied 
to  331,  is  that  so  ? — ^Yes,  that  is  so.  I  took  also  photo- 
graphs of  other  sections  from  different  parts  of  the  tank, 
which  show  different  results. 

1883.  {Professor  Bamsay.)  Has  this  second  deposit 
been  analysed? — ^Yes,  I  have  had  it  analysed. 

1884.  {Professor  Foster,)  What  was  the  diameter  of 
the  tube? — A  little  over  an  inch — ^1  1-16  inches. 
May  I  pass  this  analysis  to  Professor  Ramsay;  I  have 
just  had  it  handed  to  me.  {Analysis  pvii  in.)  I 
should  like  to  explain  that  this  deposit  as  shown  by  these 
tubes — and  I  have  never  had  an  opportunily  of  seeing 
it  under  similar  conditions,  accounts  for  what  happens 
in  the  grit  chambers.  In  the  grit  chambers 
I  have  always  found  the  depths  to  vary  from  day  to 
day,  sometimes  more,  sometimes  less.  This  tube  hss 
shown  me  that  there  is  none  of  that  black  deposit  that  I 
think  I  was  able  to  show  you  when  you  were  at  the  works 
— ^there  is  none  of  it  at  all  in  the  deposit  found  in 
the  grit  chanvbers ;  it  appeals  to  <be  nothing  but  un- 
digested sewage  matter,  whereas  in  the  body  ^  the  tank 
that  intensely  black  deposit  is  found,  but  it  becomes 
more  intensely  black  as  we  get  away  from  the  inlet  and 
at  the  extreme  end  of  the  tank.  I  take  it  that  the 
amount  of  organic  matter — ^perhaps  those  analyses  will  cor- 
rect me — ^in  the  deposit  is  less  at  the  extreme  end  than 
would  be  found  if  a  sample  were  taken  at  the  entrance  to 
the  tank.  I  also  found  that  the  scum  on  the  surface  over 
the  grit  chambers  is  very  much  thicker  than  it  io  at  the 
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*    extreme  end,  where  it  thins  down  very  much,  and  where 

18  Oct.  1898.  there  are  open  spaces  of  water  without  any  scum  on  the 
surface  at  all. 

1885.  (Chairman.)  Can  you  tell  us  anything  about  the 
gases  that  are  evolved  in  tlie  tank  ? — Yes,  my  lord.     Dr. 
Bideal  made  analyses  of  Uie  gas  from  the  tanks  in  1806. 
One  sample  was  aspirated   at  the   gauge   well   and  tlic 
other  was  aspirated  in  the  man-hole  in  the  body  of  the 
rank.     No.  1  is  the  one  that  is  abstracted  from  the  gauge 
well,  and  No.  2  is  what  was  abstracted  from  the  body  of  the 
tank.      He  found  the  percentage  by  volume  to  be  car- 
bonic acid  '3  per  cent,  in  tlie  first  case,  and  *6  per  cent,  in 
the  second  ;   organic  matter  to  be  20*3  and  24-4,  hydrogen 
18*2  and  36*4.     The  gas  found  in  the  tank  bums  freely, 
and  it  has  been  estimated  by  Mr.  Dibdin  that  it  has  half 
the  value  of  coal  gas  of  16  candle-power. 

1886.  (Colonel  Harding,)  Of  half,  did  you  say  ?— Half . 
r  have  made  sevezal  efforts  to  estimate  the  quantity  that  is 
evolved  from  the  surface  of  the  tank,  and  I  thought  I 
had  got  figures  that  I  could  submit  to  you  to-day — ^the 
figures  appeared  to  me  to  be  too  large.  The  last  thing 
on  Saturday  I  went  down  and  examined  the  apparatus  that 
was  used,  and  I  found  that  there  must  be  an  error  in  the 
observation.  The  mode  of  measuring  is  by  cylinder  and 
cone,  which  are  joined  by  two  pipes,  one  of  the  pipes  from 
the  cone  to  the  top  of  the  cylinder  and  the  other 
to  the  bottom,  each  pipe  controlled  by  a  tap.  The 
cone  is  immersed  under  the  scum  of  the  tank,  enclosing  an 
area  of  1}  square  feet,  and  the  cylinder  being  filled  with 
water  and  the  two  taps  open,  the  gas  is  aspirated  ;  but  I 
found  from  the  position  of  the  cylinder  so  high  above  the 
water,  that  there  is  immediately  a  vacuum  formed,  and  the 
vacuum  has  not  been  allowed  for  in  the  figures  that  I  had 
ready  for  you,  so  that  I  am  unable  to  give  you  to-day  the 
quantities.  The  correction — ^I  should  imagine  from  the 
observations  I  was  able  to  make  on  Saturday — ^amounts  to 
at  least  taking  25  per  cent,  from  the  figures  I  got,  but  I 
shall  hope  before  long  to  get  a  series  of  corrections,  and  if 
you  will  allow  me  I  shall  submit  them  to  your  secretary. 

1887.  (Chairman.)  Oh,  yes,  certainly.  Then  can  you 
tell  us  anything  about  the  condition  of  the  filters  after 
this  twenty-six  months  of  work? — Yes,  my  lord.  There 
has  formed  on  the  surface  of  the  filter,  and  more  notice- 
ably recently,  a  black  deposit — in  wet  weather  it  forms  a 
black  slime  on  the  surface  of  the  filters ;  in  dry  weather 
that  slime  dries  quite  rapidly  and  breaks  up.  There  is  alsn 
undoubtedly  in  the  pores  of  the  filter,  near  the  top  espe- 
cially, an  accumulation  of  the  same  sort.  In  1896,  when 
the  filters  were  first  set  to  work,  the  quantity  of  water 
they  were  able  to  take  in  in  addition  to  the  filtrant  was 
8)962  gallons,  or  -39  of  the  contents  of  the  whole  filter. 
The  tests  made  the  other  day  (last  week)  showed  a  quan- 
tity equal  to  6,349,  or  *28  of  the  contents  of  the  filter.  I 
rested  one  of  the  filters.  No.  2,  and  I  discharged 
the  water  in  it,  and  then  measured  the  flow  to  it,  when 
I  found  it  to  be  7,170  gallons,  or  -32  of  the  contents 
of  the  filter.  The  same  thing  is  shown  by  the  number 
of  fillings.  A  journal  has  been  kept  from  the  beginning 
of  the  working  of  the  plant,  and  during  1897  the  number 
of  filter  fillings,  the  average  number  was  6*81  per  day, 
while  the  average  number  in  1896  for  the  same  period  was 
8-18,  showing  that  there  is  a  reduction  in  the  quantity 
of  water  that  the  filters  can  take  in  of  about  25  per  cent. 
in  about  two  years.  Otherwise,  the  working  of  the  filters 
seems  to  be  the  same  now  as  shortly  after  they  were  set 
to  work. 

1888.  Then  as  to  qaestions  of  cost,  what  would  you 
say  as  to  the  cost  of  the  installation  of  works  for  disposing 
of  sewage  by  this  method  1—1  have  got  only  a  few  figures 
to  submit  to  you,  and  shall  take  first  the  present  installa- 
tion at  Exeter,  and  I  have  taken  the  quantity  as  that 
for  which  they  were  designed,  namely  81,000,  but  I  hay'^ 
also  given  the  figures  for  the  average  quantity  dealt  with, 
which  was  54,000,  but  taking  it  at  81,000,  the  cost  came 
to  as.  7id.  per  head  of  the  population,  and  £8  per 
thousand  gallons  treated  a  day. 

1889.  (Colonel  Harding.)  Were  you  about  to  give  us 
those  for  the  reduced  quantity?— I  have  not  worked 
them  out,  but  it  becomes  higher,  of  course.  There  is  a 
caretaker  who  was  at  the  construction  of  these  works,  and 
he  was  retained  to  look  after  them,  and  this  year  I  have 
taken  the  total  cost  of  the  man's  time  on  these  works,  and  I 
have  included  every  other  work  he  did  as  well  as  what 
was  required  for  the  special  attention  to  the  filters.  All 
that  is  required  really  is  to  go  down  once  every  three 
days  or  once   every  two  days,  and   change  the  rcstin  j 


filter;  but  there  is  a  lot  of  other  work  done,, 
the  cultivation  round  the  works,  and  so  on ;  that 
is  all  included  in  the  figure  I  am  about  to  give  you. 
That  came  to  £25  2s.  in  the  year,  or  -3  of  a 
penny  per  thousand  gallons  treated.  I  should  like 
to  explain  further,  my  lord,  if  you  will  allow  me,  that 
for  the  large  installation  at  Exeter  the  estimated  population 
for  which  provision  is  made  is  47,000,  and  the  maximum 
dry  weather  flow  to  be  dealt  with  is  two  and  a-half  million 
gallons  a  day,  and  the  estimated  cost  of  the  works — and  I 
may  say  that  I  have  kept  my  figures  high — ^is  at  the  mte 
of  £6 17s.  per  thousand  gallons  treated  per  day.  I  oan  only 
estimate  the  maintenance  cost,  and  allow  the  same  that  I 
estimated  at  the  time  in  reporting  to  the  Council,  that  was 
the  wages  of  three  men  at  a  pound  a  week,  and  that  works 
out  at  -05  of  a  penny  per  thousand  gallons  treated  per  day. 

1890.  (Chairman.)  What  is  included  in  the  cost  of  the 
installation.  It  is  the  building  of  the  tank  and  the 
filters,  but  does  it  include  any  of  the  drains  to  eewen? 
— ^It  does  not  include  the  intercepting  sewer  to  the  tank, 
and  it  does  not  mclude  the  outfall  sewer  from  the  works. 
It  only  includes  the  works,  the  grit  ohambers,  the  build- 
ings, and  the  penstocks  and  valves  required  for  regulat- 
ing the  flow.  An  installation  hiSs  just  been  completed 
for  the  town  of  Barrhead.  It  has  been  designed  for  a 
population  of  10,000,  and  the  maximum  quantity  to  be 
dealt  with  is  400,000  gallons  per  day.  That  works  out 
at  £11 17s.  2d.  per  thousand  gallons  treated,  and  I  have- 
contracted,  or  rather  my  friends  have  contracted, 
to  take  charge  of  these  works  for  three  years  at 
the  cost  of  the  wages  of  a  man  at  30s.  a  week. 
That  works  out  at  '13  of  a  penny  per  thou- 
sand gallons  treated  per  day.  A  tender  was  ol>' 
tained  for  Wallingf ord.  Th^  were  anxious  to  know  how 
our  estimate  would  agree  with  ^e  tender,  and  I  am 
glad  to  say  that  they  were  within  £8  of  each  other.  Th^e 
tender  received  gives  the  cost  of  the  works.  This  is  for 
a  population  of  2,969 — of  3,000  population— dealing  with 
90,000  gallons  per  day.  That  gives  £18  13s.  8d.  j>er 
thousand  gallons  treated  per  day.  The  smaller  thd  in- 
stallation the  cost  will  be  greater  than  for  a  larger. 
Warley,  in  Essex,  was  for  a  population  of  500 ;  20,000^ 
gallons  was  the  maximum  quantity  to  be  deidt  with^ 
and  the  cosHt  there  is  £23  17s.  per  thousand  gidlons 
treated,  the  maintenance  cost  being  -33  of  a  penny  per 
day.  iSt  Budeaux,  a  population  of  500,  dealing  with 
15,000  gallons  per  24  hours,  the  cost  comes  to  £22  &b.  4d. 
per  thousand  gallons,  and  the  maintenance  cost  '40  of  a 
penny  per  thousand  gallons.  These  are  all  that  I  am 
able  to  give  you,  but  the  only  one  of  them  being  an  esti- 
mate is  Exeter,  and  also  being  the  laigest  All  the  rest 
are  small  in  comparison,  but  it  must  be  evident  that  no 
comparison  can  be  drawn  of  the  cost  of  works  from  in- 
formation of  this  description.  There  are  so  many- 
causes  at  work  to  vary  it — the  quality  of  the  sewage  to 
be  dealt  with,  local  conditions  and  the  facilities  for  con- 
structing the  works,  the  size  of  the  installation  e8X>ecially. 
In  our  case  the  caretaker  could  attend  to  works  ten  times^ 
the  size,  and  the  cost  of  maintenance  would  be  obviously 
so  much  less. 

1891.  Now  one  of  your  main  principles  is,  I  believe, 
the  complete  or  the  almost  complete  liquefaction  of  all 
solids  in  the  sewage  by  fermentation  set  np  by  the 
action  of  anaerobic  bacteria,  is  it  not?— -This  last  year's 
estimation  showed  that  80  per  cent,  of  the  suspended 
solids  were  got  rid  of  in  that  way. 

1892.  Do  you  believe  that  without  your  closed  tanks 
this  anaerobic  bacteria  would  either  not  come  into  exis- 
tence, or  would  cease  to  exist  too  soon?^!  am  not 
qualified  to  speak  upon  this  question ;  I  am  not  a  bac- 
teriologist, and  I  can  only  give  my  own  uninformed^ 
opinion  upon  the  matter. 

1893.  Oh,  yes,  quite  so? — ^But  I  found  a  paper  was 
read  by  Dr.  Adeney,  of  Dublin,  before  the  Congress  of 
the  Sanitary  Institute  at  Birmingham  last  month,  and  he- 
defines  in  it  what  anaerobic  fermentation  is.  His  defini- 
tion is  : — "We  may  take  it,  from  what  has  already  been 
said,  that  a  river  becomes  over-polluted  when  the  bac- 
terial fennentation  in  its  waters  becomes  so  rapid  that 
the  atmospheric  oxygen  dissolved  in  them  is  consumed 
by  the  bacteria  more  quickly  than  it  can  be  replenished 
in  the  ordinary  way,  that  is,  by  ordinary  solution  and 
diffusion  through  the  water  of  fresh  quantities  of  oxygen 
from  the  atmosphere.  When  this  sUte  of  things  arises 
anaerobic  fermentation  sets  in,  attended  with  all  the 
offence  and  dangers  of  putrification. "  With  regard 
to  sewage,  if  this  definition  is  correct,  and  I  have  no 
reason  to  doubt  it  is — ^because  I  think  Dr.  Adeney  has- 
contributed  more  to  this  subject  than  any  other  who  has- 
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taken  it  up— if  this  definition  is  correct,  then  anaerobic 
conditions  exist  in  the  sewage  from  the  outset.  Dr. 
Dupr^  has  shown  that  thirty  times  the  volume  of  riyer 
water  will  render  sewage  innocuous,  it  would  be  neces- 
■ary  then  to  supply  that  quantity  of  water  under  the 
conditions  stated  by  Dr.  Adeney  to  prevent  or  te  put  a 
stop  to  putrefaction,  or  a  supply  m  oxygen  must  be 
given  artificially.  Again,  the  eiroeriments  mad«  and 
euiied  out  by  the  Massachosetto  Board  of  Health  show 
that  the  organisms  isolated  from  the  sewage,  with  very 
few  exceptions,  thrive  in  the  presence  or  in  the  absence 
of  air  equally  well.  Whether  the  organisms  coming  in 
wiUi  the  sewage  into  this  tank  get  their  supply  of  oxygen 
from  the  surrounding  organic  matter,  they  certainly,  I 
do  not  think,  get  it  from  the  atmosphere,  but  wbether 
they  are  aSrobic  organisms  that  are  abl«  to  work  under 
the  conditions  in  the  tank  I  am  not  able  to  say. 

1894.  You  are  not  able  to  say  whether  they  are  alto- 
gether aerobic  or  anaerobic? — ^No,  or  whether  they  are 
able  to  exirt  under  these  conditions.  The  only  thing 
thai  I  have  been  able  to  notice  has  been  that  after 
putrefaction  had  become  evident,  the  number  of  microcci 
declined  and  became  very  few,  and  again  after  putrefac- 
tion was  over  the  numbers  seemed  to  increase.  These 
are  from  my  own  crude  observations  on  the  subject.  But 
one  thing  I  should  like  to  say — ^I  daresay  it  wiU  be  put 
before  you  better  than  I  can  possibly  do  it — ^but  my  difl^ 
culty  has  always  been  to  realise  how  a  visible  particle  of 
suspended  matter  in  the  sewage  compares  with  the  size 
of  the  organisms,  how  the  one  can  be  seen  by  the  eye, 
but  the  other  requires  a  twelfth  eye-piece  to  be  able  to 
see  it,  and  that,  therefore,  if  anaerobic  conditions  are  not 
to  be  allowed,  I  do  not  see  how  this  sewage  can  be  broken 
down. 

1806.  Ih«ctically  what  length  of  time  do  you  think 
ought  to  be  allowed  for  the  fermentation  process  by  which 
the  solids  are  liquefied? — ^The  time  of  stay  of  sewage  in 
the  tank  varies  with  the  flow,  and  ordinarily  if  the  flow 
is  53,800  gallons  per  day,  the  stay  of  the  sewage  in  the 
tank  from  the  time  it  enters  to  the  time  it  leaves  it  again 
is  24  hours.  I  found  18  to  2K)  hours  stay  in  the  tank  as 
the  best  condition  for  filtration,  but  another  set  of 
conditions  is  set  up  altogether  when  we  come  to  notice 
what  happens.  It  has  been  shown  that  with  a  velocity 
of  three  feet  per  second  deposit  takes  place.  In  this 
case  the  velocity  at  maximum  flow  is  not  more  than  l^in. 
per  minute,  instead  of  three  feet  per  second,  and  what 
happens  is  thAt  a  deposit  takes  place  both  at  the  bottom 
and  itt  the  top  of  the  water.  The  scum  is  formed  at  the 
top  and  the  deposit  at  the  bottom,  and  that  gets  a  very 
much  longer  period  to  be  worked  upon  than  the  sewage 
containing  the  matters  in  suspension  that  also  undergoes 
a  certain  change  in  its  passage  through  the  tank. 

1806.  The  time  would  vary,  I  suppose,  with  the 
strength  of  the  sewage  and  the  warmth  of  the  weather? 
— ^Undoubtedly.  I  think  the  action  is  much  more  rapid 
when  the  sewage  is  fairly  concentrated  and  when  the 
weather  is  warm. 

1807.  You  have  had  the  sediment  at  the  bottom  of  the 
tank  analysed  now  for  the  first  time,  is  that  so  ? — ^Ko,  an 
analysis  was  made  by  Dr.  Rideal. 

1806.  This  is  the  finH^  time  that  you  have  had  that 
done,  is  it? — "So,  my  lord,  it  was  done  in  September,  1897, 
as  well.  What  I  have  read  out  to  you  was  done  in  Sep- 
tember, 1807. 

1800.  Did  you  give  us  the  analysis  that  was  made  in 
1807  ? — Yes :  I  gave  you  the  mineral  matter,  the  organic 
matter,  and  the  water  estimation. 

1000.  Can  you  tell  whether  any  further  fermentative 
or  putrefactive  action  takes  place  in  the  sediment  after 
it  has  once  settled  on  the  bottom  of  the  tank? — ^In  tiie 
sediment,  yes,  my  lord,  and  that  continues  for  a  c<»i- 
siderable  time.  Comparing  the  deposit  taken  from  the 
old  tank,  which  has  been  resting  now  since  the  new  works 
were  sterted,  I  find  on  warming  the  two  depoeite  that 
from  the  present  tank  swells  considerably,  whereas  the 
other  remains  inert,  so  that  there  is  undoubtedly  a  lot  of 
organic  matter  still  remaining  in  the  sediment.  What  it 
is  I  think  Dr.  Rideal  has  given. 

1001.  (Professor  Bamsay,)  About  three  per  cent.,  I 
think?— Yes. 

1002.  (Chairman.)  Of  the  total  solids  that  go  into  your 
tank  can  you  give  us  any  estimate  of  the  quantity  that 
remains  there  as  sludge  or  sediment,  and  which  you  will 
have  scKue  day  or  other  to  remove  l^ln  1807  we  should 
have  to  remove  66^  cubic  yards  of  matter.  We  shall  have 
less  than  double  that  quantity  in  two  years,  and  at  present 
I  am  working  the  tenk  so  long  as  it  will  work,  to  see  the 
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period  required  to  have  to  clean  it  out,  but  I  have  sug-     Mr.  d. 
gested  a  provision  that  may  render  it  unnecessary  almost    CatMron 
to  completely  empty  the  tank  at  all.    I  propose  to  have  ^g  q^ 
a  channel  carried  down  at  the  outlet  having  a  slotted  pipe      — 
leading  out,  so  thftt  a  quantity  may  be    taken    away 
periodically — ^in  small  quantities,  and  I  almost  think  that 
that  will  put  off  for  years  the  necessity  for  removing  the 
sediment  entirely  from  the  tank. 

lOOt^.  Out  of  a  hundred  per  cent,  of  solids  that  go  into 
che  tenk  can  you  form  any  opiniosn  at  all  of  what  quantity 
is  liquefied  in  the  tank?— ^  per  cent,  appears  to  be 
liquefied. 

1004.  Eighty  per  cent.  ? — About  80  per  cent. 

1006.  Then,  in  fact,  you  get  rid  of  80  per  cent,  of  your 
solids  altogether? — That  is  so. 

1006.  Tou  have  had  the  effluent  of  course  analysed 
both  chemically  and  bacterially  ? — ^Yes. 

1007.  And  you  can  let  us  have  the  analyses  that  were 
made  ? — ^Yes. 

1006.  (Professor  BaTtvsay,)  Might  I  ask  at  the  name 
time  that  Dr.  Bddeal's  analysis  may  be  put  in? — Hiib  one? 

1000.  Yes?— Yes. 

"Chemical  Laboratory, 
28,  Victoria  Street,  Westminster, 

London,  S.W. 
October  17  th,  1898. 
To  Donald  Cameron,  Esq., 

City  Surveyor,  Exeter. 

Examination  of  Tank  Effluent, 
October  14th,  1898. 

Amount  of  Suspended  Matter — 12*90  parts  per  100,000. 

Composition  of  Suspended  Matter  : 

Mineral  Matter     32'25 

Organic  Matter     ...         ..    67*75 

100*00 

The  nitrogen  amounted  to  3*18  per  cent,  of  the  dry 
sediment  The  real  or  equal  to  4*70  per  cent,  of  the 
organic  matter. 

The  relative  amount  of  soluble  and  insoluble  organic 
matter  in  the  tank  effluent  is  shown  as  follows  : — 

Parte  per  100,000. 

Unfiltered.    Filtered.    Suspended. 
Organic  Nitrogen    ...    1*236    ...      0*824  ...    0*411 
Oxygen  consumed  ...    3*12      ...      1*40    ...    1*72 

Examination  of  the  deposit  in  tank  at  different  depths. 

Percentage  composition  of  deiK)sit  dried  at  lOO^C. 

3*  from        9"  from        15"  from 
bottom.       bottom.       bottom. 

Mineral  Matter        ...    67'66  ...    67*60  ^..    68*69 

Organic  Matter       ...    32*35  ...    32*40  ...    31*31 

Nitrogen        2*38  ...      2*34  ...      2*45 

Nitrocen  in  Organic      7*36  ...      7*22  ...      7*82 
Matter. 

The  sediment  of  the  tank  effluent  contains  more 
organic  matter  than  the  deposite  in  the  tank,  which  it  is 
seen  do  not  differ  materially  at  different  depths. 

The  organic  matter  in  the  tank  effluent  is  more  car- 
bonaceous and  less  nitrogenous  than  that  which  remains 
at  the  bottom  of  the  tank. 

From  a  microscopic  examination  of  the  above  three 
deposite  I  find  that  they  consist  of  a  black  amorphous 
matter,  with  vegeteble  and  animal  debris  much  altered, 
and  cominuted.  No  marked  difference  in  the  severa 
depths  was  noticed  except  that  in  the  lowest  deposit 
there  were  great  numbers  of  larce  amoebae  whilst  in  the 
upper  one  anguillulse  were  pre vaTent  which  may  indicate 
somewhat  different  action  in  the  different  layers. 
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1  intended  to  describe  what  comes  away  from  the  tank  as 
effluent,  and  what  comes  away  from  the  filters  as  filtrate. 
Such  a  terminology  is  necessary. 

1010.  (Cliairman,)  You  have  had  both  the  effluent  and 
the  filtrate  analysed  both  chemically  and  bacteriologically  ? 
— ^Yes,  we  had  the  sewage,  the  corresponding  tenk  effluent 
and  the  filtrate  analysed,  and  that  was  continued  over  a 
series  of  many  days;  samples  were  taken  every  hour, 
samples  bearing  a  proportion  to  tbn  flow  at  the  time  at 
which  they  were  taken. 

1011.  And  then  these  analyses  you  can  let  us  have  ? — 
Yes.    I  vxid^fftpcd,  m;  kc<d;  trum  the  Town  Clerk  tliat 
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your  secretary  had  batn  supplied  with  copies  of  the 
reports  of  the  chemists  that  were  before  the  inquiiy  of  the 
Local  Grovemment  Board. 

1012.  I  suppose  that  you  have  not  had  the  effluent  from 
the  septic  tank  examined  for  enteritides  or  the  reduction 
of  coli? — "So,  my  lord,  I  do  not  remember  •'Vfct  Dr. 
Sime  Woodhead  speaks  about  it  in  his  report,  but  if  so 
it  is  in  that  report  of  his  included  in  that  book. 

1913.  Do  you  consider  your  filtezB  or  your  filtrate  would 
be  affected  by  frost? — During  1897,  when  we  had  a  fo?^ 
night's  frost— Januiuy  27th,  1897—- af ter  the  frost  had  been 
on  for  a  fortnight,  the  filtrates  were  so  beautifuly  clear 
that  I  sent  three  samples  to  Dr.  Dupr^  to  be  analysed, 
and  this  is  his  report  upon  thorn: — "The  three  filtered 
effluents  are  all  extrem^y  good,  the  best  being  No.  2, 
the  next  best  No.  9,  and  the  least  good  No.  L  They  are 
all  almost  inodorous  at  ordiaaxy  temperature,  but  No.  1  and 
No.  3  have  a  slight  musty  smell,  like  river  water,  when 
heated  to  100^  F.  No.  2  remains  almost  inodorous,  even 
at  that  temperature.  All  three,  though  slightly  opalescent 
when  received,  gave  no  appreciable  amount  of  deposit  on 
standing  for  twenty-four  hours,  and  remained  free  from 
deposit  after  a  week's  keeping  in  my  lalborsjfcory.  They, 
indeed,  became  more  clear,  without  depositing  any  amount 
of  sediment.  They  are  all  three  fully  equal  to  average 
effluents  from  well-managed  sewage  farms,  while  No.  2 
is  equal  to  the  best  of  such  effluents.  They  are  superior 
to  any  of  the  former  effluents  received.  In  my  opinion, 
these  effluents  might,  with  perfect  safety,  be  allowed  to 
run  into  a  very  small  brook  or  even  into  a  ditch  in  which 
they  formed  the  main  or  sole  current." 

1914.  Then  you  do  not  think  a  hard  frost  would  put 
your  filters  out  of  order  at  all  ? — We  have  not  had  tnat 
experience,  my  lord,  but  as  far  as  I  can  see  the  working 
of  the  filters  is  independent  of  the  temperature. 

1915.  Have  you  got  any  idea  as  to  this  question :  If  the 
sewage  is  largely  diluted  with  rain  or  other  pure  water, 
would  your  system  work  better  or  worse  than  if  it  were 
sewage  only  diluted  to  a  very  small  extent  with  rain  or 
surface  water? — ^Yes,  my  lord.  Then  the  work  would 
fall  principally  upon  the  filters,  and  if  the  filters  are  pro- 
portionate to  the  quantity  of  sewage  the  work  would  go 
on  equally  as  welL 

1916.  And  do  you  think  that  either  the  sediment  that 
is  left  in  the  tank  or  the  filtrate  that  issues  from  the 
filters  could  be  used  for  manuring  purposes? — ^Un- 
doubtedly it  could,  both  of  them  could. 

1917.  Both  would  be  valuable  ?— Both  wouid  in  my 
opinion  be  valuable,  but  I  have  made  inquiries  this  year 
of  the  surrounding  farmers,  the  farmers  surrounding  the 
works  at  Exeter.  We  have  had,  as  you  know,  my  lord, 
a  very  dry  »ummer-^a  considerable  drought  in  Devonshire 
^and  they  all  agree  that  it  would  add  £1  an  acre  to  the 
value  of  the  land  that  could  be  irrigated  with  the  effluent. 

1918.  (Sir  Bichard  Thorne.)  The  tank  effluent?— The 
filtrate,  taking  it  even  as  pure  water. 

1919.  {Major-General  Carey,)  Being  an  exceptional 
reason?— 'Being  an  exceptional  season.  The  value  of  it 
would  depend  upon  the  season,  undoubtedly. 

1920.  (Professor  Foster.)  That  is,  it  will  have  no  dis- 
tinctly manurial  value.  You  are  regarding  it  simply  as 
«o  much  water,  not  as  a  solution  of  nitrates  ? — They  were 
80  regarding  it,  but  I  am  regarding  it  as  having  a  greater 
value  than  that. 

1921.  Your  answer  refers  to  what  thie  farmers  paid? — 
To  what  the  farmers  said. 

1922.  And  that  was  simply  as  pure  water? — ^As  pure 
water,  yes. 

1923.  But  you  yourself  are  of  opinion  that  simply  for 
the  nitrates  it  would  be  valuable  ?---Quite  so  ;  I  consider 
it  a  waste,  and  a  pity  that  it  should  be  wasted.  And  thftt 
value,  of  course,  will  vary  according  to  the  sewage.  In  the 
sewage  of  Exeter,  I  think,  -83  or  odd  is  the  nitrates  in 
parts  of  100,000.  In  the  sewage  of  Yeovil  that  figure 
only  runs  up  to  10  parts.  Such  a  filtrate  would  be  much 
more  valuable  and  would  enable  a  greater  outlay  to  be 
made  to  convey  it  to  the  land  than  the  weaker  domestic 
sewai^e. 

1924.  (Chairman,)  Could  you  either  tell  us  now,  or  if 
you  prefer  it,  send  us  a  short  statement  in  writing,  show- 
ing where  your  system  is  at  work  besides  Exeter,  and 
besides  sewage,  what  trade  refuse  it  deals  with? — ^Very 
well. 

1925.  PeiQiaps  you  could  send  it  to  us  in  writing, 
because  we  propose  to  make  as  thorough  ex&<ainations  as 
we  can  of  the  various  systems  now  in  use.  We  also  wish 
to  ask  you  if  you  would  allow  persons  appointed  by  us  to 
!iave  access  to  your  works  in  different  places  for  the 
purpose  of  examining  them,  and  if  you  would  also  allow 


ihese  people  to  take  samples  at  their  discretion? — Cer- 
tainly, my  lord.  I  think  I  have  asked  General  Oaiey  if 
he  would  send  down  a  responsible  officer  to  take  chaige 
irf  the^e  works  at  Exeter  and  do  what  he  pleases  with  them. 

1926.  I  do  not  think  the  Commission  want  to  hAve  the 
responsibility  of  the  works,  the  charge  of  the  works,  ^e 
people  appointed  by  us  may  go  to  the  works  and  look 
over  them  and  take  samples  at  any  moment  that  they  think 
fit  ? — I  should  have  liked  that  the  officer  appointed  by  the 
Oommiflsion/  should  have  had  charge  of  the  works,  so 
that  they  might  have  been  worked  under  whatever  con- 
ditions he  wished. 

1927.  Could  you  give  us  any  description  corresponding 
to  the  anaerobic  treatment  in  tibe  tank  of  the  aerobic  treat- 
ment in  the  filter  ? — No,  my  lord,  further  than  so  long  as 
the  effluent  is  in  such  a  condition  that  it  could  be  filtered 
without  mechanically  clogging  the  filters,  I  do  not  follow 
the  subject,  and  the  question  of  nitrification  is  one  of 
which  I  have  no  knowledge  practically.  As  regards  the 
filters  I  adopted  Mr.  Dibdin's  method.  The  only  thmg 
I  can  say  in  addition  is  this,  that  besides  the  dhemical 
action  that  goes  on  in  the  filter  tiiere  is  also  an  undoubted 
straining  action,  and  that  the  filters  hold  on  their  surfaces 
the  fine  matters  that  come  out  of  the  tank. 

1928.  Have  you  anything  you  wish  to  add  to  that?— I 
should  like  to  add,  of  course,  that  in  adopting  Mr.  Dibdin's 
method  of  filtration  I  made  the  action  of  the  filters  anto- 
xnatic 

1929.  (Sir  Bichard  Thome,)  Do  you  mean  the  material 
of  which  the  filter  is  composed  retails  on  its  surface  par- 
ticles that  come  from  the  tank,  or  are  you  speaking  of  the 
surface  of  the  filter  generally  ?— The  immediate  surface  of 
the  filter,  and  for  a  certain  distance  down,  but  the  greatest 
quantity  is  on  the  immediate  surface.  I  should  have  men- 
tioned that  there  may  have  been  an  error  in  observation  in 
taking  the  quantities  that  the  filters  could  hold.  I  noticed 
that  when  a  filter  was  full  and  had  diverted  the  sewage  to 
the  adjoining  filter,  it  will  afterwards  go  on  filling  as  if  the 
upper  layers  of  the  filter  offered  sufficeint  resistance  to 
the  effluent  to  cause  the  gear  to  divert  the  sewage  to  the 
adjoining  one,  but  afterwards  they  gradually  sank,  and  a 
further  quantity  came  in,  so  practically,  I  think,  the 
figures  that  I  have  given  you  are  correct. 

1930.  (Mr,  KiUick,)  You  gave  us  several  analyses  of 
the  raw  sewage  on  the  four  hours'  test — ^I  think  they  run, 
3-158,  4-66,  2-028,  430.  These  show  a  very  wide  range  of 
differences.  Can  you  explain  this? — I  can  explain  one 
of  them,  that  is  Messrs.  Pearman  and  Meor. 

1931.  Whichisthat?— -The  last  one.  Instead  of  taking 
samples  over  the  twenty-four  hours,  they  analysed  samples 
taken  at  one  o'clock  in  the  afternoon ;  but  for  Dr.  Dupr^'s 
I  cannot  account. 

1932.  That  is  the  low  one  ?— No,  that  is  the  high  one. 

1933.  No,  but  there  is  the  high  one,  2-0^?— -The  low 
one.  That  was  ta^en  over  the  twenty-four  hours,  during 
a  considerable  flow  of  sewage,  indicating  plenty  of  water, 
a  lot  of  dilution. 

1934w  These  were  not  all  taken  on  the  same  day?-^Not 
on  the  same  day,  no ;  these  are  the  results  of  different 
observers. 

1935.  (Professor  Bamsay,)  1  wish  to  ask  whether  Mr. 
Cameron  has  noticed  whether  putrefaction  goes  on  equally 
well  in  the  septic  tank  when  the  sewage  is  exceedingly 
dilute  ?— I  have  got  the  impression  that  the  action  is  not 
so  rapid  when  the  sewage  is  diluted. 

1936.  But  have  you  any  positive  experiments  to  show  ? 
—The  only  experiment  that  I  can  give  is  the  production 
of  gas.  The  gas  bums  less  freely  during  wet  weather  than 
it  does  when  the  weather  is  dry. 

1937.  Then  another  point  I  wish  to  ask  about  is  the 
anaerobic  fermentation  in  the  open  tanks.  I  want  to 
know  if  he  has  noticed  whether  anaerobic  fermentation 
will  jro  on  in  tanks?— I  think  it  will.  My  first  idea  was 
to  use  only  an  open  tank  and  not  a  covered  tank,  and  so 
long  as  the  scum  b  formed  on  the  surface  I  think 
anaerobic  fermentation  is  going  on. 

1938.  Does  anaerobic  fermentation  cease  when  the  scum 
is  destroyed?— I  do  not  think  it  does ;  the  production  of 
gas  does  not  cease. 

1039.  Were  your  original  tanks  covered?— All  of  them. 

1940.  From  the  very  first  ?— From  the  very  first,  ye* 

1941.  (Mr.  Killick.)  With  regartl  to  what  I  asked  abcj 
the  analyses  of  these  samples  of  year  raw  sewage,  the  ••  aja 
merely  testa  of  the  sewage  on  diff«rent  days,  and  there* 
fore  of  very  litUe  value  for  comparison  one  w* th  the  otherl 
—The  sampling  and  the  analyses  Wire  (w  ed  on  a  con- 
stant 24  houi^V  analyses  during  a  foi  Viij  X     dumtiou. 
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1042.  But  YOU  have  told  ub  that  was  not  the  case  in 
one?— -Mr.  Dibdin's  is  tiie  average  of  that  fortnight's. 

1043.  Was  it  the  same  fortnight  for  each  of  these  four 
aQAlyses,  during  the  same  fortnight? — ^For  Dr.  Bideal's 
and  for  Dr.  Dupr^'s.  I  have  not  been  able  to  give  jou 
a  figure  of  Dr.  Dupr^&'s,  but  Dr.  Dupr6'8  and  Dr.  Bideal's 
were  for  a  fortnight. 

1044.  The  same  fortnight? — ^No;  not  the  same  fort- 
night. 

1045.  There  is  no  comparison ;  sewage  m'ght  vary  from 
daj  to  day,  from  hour  to  hour?---FrQm  hour  to  hour. 

1046.  (CoUmel  Harding,)  As  to  the  grit  chambers ;  you 
told  us  that  you  had  a  grit  chamber  placed  some  distance 
in  advance  of  your  works  at  Exeter? — Yes. 

1047.  And  that  you  had  found  a  certain  deposit  of  other 
matters  there  besides  mineral  matters,  but  you  got  rid 
of  them  by  stirring  up,  and  so  getting  iSiem  washed  away  ? 
— ^Washed  into  the  tank. 

1048.  Has  any  system  occurred  to  you  at  all  by  which 
the  grit  could  be  precipitated  alone  without  intercepting 
the  organic  matter  which  so  rapidly  deposits  upon  it? — 
The  only  suggestion  is  to  revert  to  the  or'ginal  conditions 
of  the  tank,  and  with  the  grit  chambers  at  the  entrance  of 
the  tank  receive  all  that  the  sewers  bring  along. 

1040.  Then  in  that  case  would  you  not  have  in  the 
grit  chamber  an  accumulation  of  other  matters  besides 
those  you  wanted  to  precipitate? — Undoubtedly,  but  a 
veiT  active  washing  action  goes  on  in  that  chamber ;  im- 
mediately a  sample  is  taken  from  the  bottom  in  a  glass 
tube  the  gases  stream  from  the  bottom,  showing  a  very 
violent  action  in  the  whole  of  the  tube. 

1050.  A  violent  action  in  the  grit  chamber?— In  the 
grit  chamber. 

1051.  And  do  you  think  that  that  action  is  to  bring  to 
the  surface  and  so  get  carried  forward  the  organic  par- 
ticles?—That  is  my  opinion. 

1062.  You  did  tell  us  as  to  the  amount  of  deposit  in 
the  septic  tank,  but  I  did  not  gather  that  you  told  us  to 
what  extent  matter  had  deposited  in  the  grit  chamber, 
nor  how  far  it  had  been  removed  from  time  to  time?— In 
the  grit  chamber  none  has  been  removed  ;  nothing  at  all 
has  been  taken  out  of  the  grit  chamber,  and  the  depth  in 
the  west  grit  chamber  on  the  Slst  August  was  14  inches. 
That  is  after  more  than  one  year's  working.  The  depth 
in  the  east  one  was  24  inches.  At  the  time  of  Dr. 
Thomson's  and  General  Cromer's  examination,  the  dejAh 
was  15  and  27.  Some  days  later  the  depth  varied  again. 
If  I  was  not  aware  that  tiiere  was  nothing  taken  out  of 
these  grit  chambers  it  would  be  hard  to  make  me  believe 
that  there  had  not.  From  the  variation  that  takes  place 
in  these  grit  chambers,  if  I  was  not  aware  that  nothing 
had  been  taken  out  of  them  I  would  be  under  the  impres- 
sion that  there  had  been. 

1063.  iProfe$9or  Foster,)  But  are  your  grit  chambers 
not  cleared  out  at  intervals  ?— They  have  not  been  cleared 
out  yet.  The  little  grit  chamber  higher  up  has  been 
cleared  out. 

1064.  {CoUmel  Harding.)  Is  not  the  inference  that 
there  must  be  some  other  settlement  of  grit  besides  the 
two  that  you  are  talking  about?— Undoubtedly.  I  have 
observed  earUer  in  the  day  that  the  brick  gully  pits,  large 
brick  chambers,  are  very  much  more  efficient  in  keeping 
back  detrital  matter  than  I  ever  thought  they  could  be ; 
in  fact,  what  reaches  the  little  grit  chamber  in  the  lane 
is  principallv  the  e«rthy  matter,  the  earthy  matter 
on  the  road  surfaces  and  the  portions  that  sometimes  get 
washed  into  the  manhole  cover. 

1065.  Then  the  probability  is  that  under  other  circum- 
stances a  much  l«ger  prit  chamber  would  be  required, 
and  that  the  grit  chamber  would  have  to  be  pretty  fre- 
quently emptied?— My  intention  was,  sir,  to  reduce  the 
size  of  the  grit  chamber,  from  the  experience  that  we  have 
had  here.  If  the  gully  graitings  were  not  so  efficient  m 
removing  the  detrital  matter,  undoubtedly  it  would  have 
to  be  removed  from  the  grit  chambers. 

1066.  In  any  case  we  may  take  it  you  do  n<J  deare 
that  the  grit  should  go  into  your  septic  tMk?— No, 
although  there  is  a  lot  of  fine  sandy  matter  stiU  earned 
forward  into  the  body  of  the  tank. 

1057  Now.  as  to  the  accumulations  of  sludge  in  the 
tank  itself.  I  gather  that  you  told  us  there  had  been, 
after  thirteen  months'  working,  lOi  inches  accumulation, 
and  after  twentv-six  months  working,  33  inches  accumu- 
Ution.  Did  I  understand  you  to  say  that  you  estimated 
that  to  represent  66i  cubic  yards  ?— The  first  10^  inches 
represents  66i  cubic  yards.* 

1068  As  the  accumulation  in  the  second  year  was  about 
equivalent  to  the  first  year  it  would  be  about  sn  accumula- 
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tion  of  66  cubic  yards  per  annum  ? — ^An  accumulation  of     Mr.  D, 
66  cubic  yards  per  annum,  but  before  giving  the  figures    Commwx 
or  relying  upon  them  very  strongly,  al^ough  the  means  jg  o^t.  lassi 

ad(^ted  were  better  than  we  have  had  yet,  still  I  would      

like  to  try  over  the  whole  surface  of  the  tank  as  far  as  I 
can  get  at  it. 

1050.  You  anticipate,  therefore,  that  it  will  be  neces- 
sary from  time  to  time  to  remove  this  slud^^,  this  aceu- 
muiation  of  sludge? — At  first  I  gave  particular  attention 
to  the  accumulation  of  the  sludge,  and  for  the  first  two 
months  it  increased  at  the  rate  of  one  inch  per  month. 
Then  I  considered  that  we  should  have  at  some  period 
or  other  to  clean  out  the  body  of  the  tank. 

1060.  You  told  us  that  the  stay  in  the  tank  should 
be  1&  to  20  hours  to  obtain  the  best  results  from  the 
filters?— That  is  tiie  period  which  I  found  to  give  the 
best  results. 

1061.  And  what  speed  per  minute  does  that  give  you 
of  the  flow?— -In  the  case  of  the  present  tank  it  gives  us 
about  one  inch  per  minute. 

1062.  And  up  to  what  speed  per  minute  do  you  think 
you  could  go  without  interfering  wiUi  the  efficiency  of 
that  tank  ? — I  propose  that  in  the  new  works  it  should  go 
up  to  the  speed  of  five  inches  per  minute,  but  I  think  we 
could  go  very  much  higher  than  that  without  at  all  inter- 
fering with  the  action  c/t  the  tank.  When  Dr.  Dupr6  was 
asked  that  question  he  said  ''  He  was  afraid,"  without 
calculating  the  speed  at  which  the  sewage  passed  through 
the  tank,  '*  it  would  wash  the  living  macnine  out  of  the 
tank."  But  I  afterwards  pointed  out  that  such  a  speed, 
that  is,  five  inches  per  minute,  could  not  possibly  wash  the 
deposit  from  the  bot^m  nor  the  scum  from  the  top,  con- 
sequently the  living  machine  still  remained  in  the  tank. 

1063.  You  have  told  us  about  the  production  of  gas  in 
the  tank,  and  we  saw  when  we  visited  Exeter  that  to  some 
extent  you  utilised  that  for  lighting  pnrjioses,  and  some 
suggestion  was  made  that  it  might  be  utilised  for  heatuig 
purposes.  Would  not  that  involve  the  construction  dt 
those  ftanks  in  some  non-permeable  material,  such  as 
iron  ?— ^What  I  proposed  to  do  with  the  new  works  was 
to  cover  the  concrete  with  bitumen,  bituminous  substance 
that  would  prevent  the  leakage  of  the  gas.  At  pre- 
sent there  is  undoubtedly  no  pressure  in  the  tank.  That 
has  been  abundantly  tested  by  Mr.  Dibdin.  That  being 
the  case,  the  gas  must  escape  as  freely  through  the  con- 
crete surface  of  the  tank  and  the  soil,  as  it  escapes  at  the 
mouth  of  an  open  pipe,  and  to  prevent  that  leakage  I 
propose  to  cover  the  surface  of  the  tanks  with  pitch. 

1064.  Now,  comparing  the  work  of  the  tank  with  the 
filter,  you  would  claim,  I  sunpose,  that  the  work  of  the 
tank  was  mainly  to  get  rid  of  the  matters  in  suspension. 
You  do  not  claim  that  the  tank  will  do  much  more,  do  you  ? 
— There  is  undoubtedly  a  chuige  in  the  tank ;  the  organic 
matter  is  undoubtedly  changed  greatly  into  ammonia,  and 
into  gas,  which  of  itself  is  a  very  big  change. 

1066.  You  have  some  figures,  have  you  not,  as  to  th» 
relative  purification  obtained  by  the  septic  tank  and  the 
filters?— Yes. 

1066.  Can  you  just  roughly  give  us  the  average  ?— ^They 
are  all  put  together  in  a  report  that  I  had  just  now,  but 
they  are  given  in  these  several  reports  that  are  before  yon. 

1067.  Give  us  any  one  instance?- I  will  take  Dr. 
thipr^'s.  Percentage  of  purification  effected  in  the  septic 
tank,  as  measured  by  the  oxygen  absorbed  63-5  per  cent.  ; 
as  measured  by  the  reduction  of  organic  nitrogen,  27-7 ; 
the  work  done  by  the  tanks  and  filters  combined  brings 
the  purification  on  the  oxygen  absorbed  up  to  88-3  per 
cent.,  and  on  the  organic  nitrogen  to  84*0. 

1068.  Then  the  main  advantage  you  claim  for  the  use 
of  the  septic  tank  is  the  destruction  of  the  solid  matter, 
and  getting  rid  of  the  sludge  difficulty  ?— There  is,  besides 
that,  another  advantage,  that  it  smoothes  or  equalises  in- 
equalities in  ttie  sewage.  An  example  may  he  given  of 
the  chlorine.  At  night  the  chlorine  is  found  to  be  a  little 
over  2. 

1060.  (Professor  Foster.)  Tn  the  sewage  ?-  In  the 
sewage.  At  time  of  maximum  flow  it  is  found  to  be  over 
10  parts  per  100,000.  The  tank  effluent  invariably  gives 
the  mean,  or  nearly  the  mean,  of  those  figures,  so  that  the 
tank  has  smoothed  the  night  flow,  or  mixed  the  night  flow 
along  with  the  day  flow.  And  it  has  this  advantage  that 
if  a  dose  of  chemicals  should  be  sent  into  the  tank,  that 
it  is  diffused  throughout  the  whole  sewage  in  its  stay  in 
the  tank. 

1070.  (Colonel  Harding.)  Now  as  to  the  filters.  You 
gave  us  your  experience  in  regard  to  material,  that 
furnace  clinkers  had  proved  to  be  most  effective  ?— Yes. 

1071.  You  do  not  think  that  the  porosity  of  coke,  then, 
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Mr.  D.      is  of  much  value.     I  take  it  tiiat  the  clinkers  would  be 

CavMTQn.    largely  vitrified,  would  they  not  ?~Ye8 ;  I  rather  look 

I8|0ct.  1888.  upon  the  porosity  of  the  coke  as  a  disadvantage.     Filter 

No.  3  is  the  one  which  is  filled  with  coke,  and  I  know 

ihat  the  filtrant  in  it  is  broken  coarser  than  the  clinker  of 
the  adjoining  filters.  Aeration  is  the  secret  of  filtration, 
as  far  as  I  can  understand  it,  and  the  quickness  with  which 
a  filtrant  gets  rid  of  or  drops  the  water  that  has  been  sent 
-on  to  it  the  better  the  aeration  should  be,  but  although 
the  filtrant  in  No.  3  is  coarser  than  the  filtrant  in  No.  2 
and  No.  4  it  takes  a  longer  time  to  part  with  the  drainings 
or  the  residue  of  the  effluent  left  in  the  filter,  and  I 
attribute  that  to  the  porosity. 

1072.  The  effluent  from  the  tank  contains  in  suspension 
very  finely  divided  particles  which  you  yourself  speak  of 
as  humus? — Yes. 

1873.  Do  I  understand  that  you  think  that  is  matter 
which  will  necessarily  accumulate  in  the  filters — ^mattei^, 
that  is,  that  cannot  be  liquefied  by  aerobic  bacterial 
action  ^I  think  the  particles  of  organic  matter  attached 
to  these  particles  vrill  be  dealt  with  on  the  filters.  The 
accumulation  of  these  fine  particles  on  the  surface  of  the 
filter  has  necessitated  in  two  years  the  removal,  on  an 
average,  of  two  inches  over  the  surface  of  the  filters.  I 
say  an  average,  because  the  greater  part  of  the  deposit 
took  place  in  the  immediate  vicinity  of  the  channels  where 
it  had  to  be  taken  a  little  deeper,  but  the  average  quantity 
which  has  had  to  be  removed  in  two  years  has  been  two 
inches.  I  believe  a  fine  layer,  a  finer  layer  than  I  put 
there,  will  render  the  removal  of  such  a  quantity  un- 
necessary, even  for  the  same  period. 

1974.  The  removal,  I  suppose,  was  necessary,  because 
it  stopped  the  j)assage  downward  of  the  effluent  from  the 
tank  ?---It  stopped  the  passage  downward,  or  the  rate  of 
the  passage  downward,  into  the  filter. 

1975.  At  Exeter  you  are  dealing,  as  we  saw,  simply 
with  domestic  sewage.  Tou  have  not  said  anything  to  us 
to-day  about  the  one  case  where,  I  believe,  you  have  so 
far  had  experience  of  trade  effluents,  namely  at  Teovil  ?^ 
No. 

1976.  Can  you  tell  us  anything  about  results  at  Teovil 
as  compared  with  the  results  at  Exeter,  and  can  you  tell  us 
as  to  the  difference  in  the  sewages  themselves  of  those 
places  ? — ^The  works  at  Yeovil  were  put  up  to  deal  with  a 
sewage  which  is  reputed  to  be  the  foulest  in  England. 
The  Council  wished  first  to  try  if  such  a  sewage  is  amena- 
ble to  this  treatment,  and  I  think  the  results  have  de- 
monstrated that  it  is  so.  The  variations  in  Teovil  are 
very  much  greater  than  in  Exeter,  but  on  the  other  hand 
the  percentage  of  purification  in  consequence  of  the  foul- 
ness of  Uie  sewage  shows  very  much  higher,  although  the 
result  is  not  so  good  as  we  get  in  Exeter. 

1977.  We  have  had  in  the  papers  you  have  put  before 
us  many  examples  of  analyses  from  Exeter,  but  are  there 
any  analyses  available  for  Teovil  ? — ^No,  sir. 

1978.  Or,  can  you  yourself  give  us  now  something  like 
the  average  results  obtained  at  Teovil  ? — ^I  am  sorry  that  I 
brought  none  of  them  with  me,  but  I  can  supply  them  to 
the  Secretary  if  you  wish  it.  Mr.  Dibdin  made  a  report 
upon  the  sewage,  and  I  am  not  sure  whether  Dr.  Bideal 
did,  but  Mr.  Naylor,  the  Inspector  of  the  Bibble  and 
Mersey  Board,  made  an  analysis  for  the  Somerset  County 
Council,  and  these  I  can  supply. 

1979.  {Major-General  Carey,)  Was  that  since  the  filters 
have  been  altered  or  improved  or  before? — ^Before  they 
were  altered. 

1980.  {Colonel  Harding.)  Although  the  sewage  at 
Teovil  is  no  doubt  exceedingly  foul  the  foulness  is  mostly 
pf  one  character,  is  it  not ;  it  arises  from  the  effluents  of 
f ellmongeries  ? — ^Tes,  and  brewery  refuse. 

1981.  Is  there  brewery  refuse  ? — ^There  is  one  brewery 
upon  that  sewer,  and  in  addition  to  that  other  chemicals 
are  used  in  the  manufacture  of  leather,  for  glove-making 
a  large  quantity  of  arsenic  is  used. 

1982.  It  would  be  interesting  to  know  to  what  extent 
there  was  arsenic,  because  the  effect  of  arsenic  would  be 
antiseptic,  would  it  not  i — ^That  I  am  unable  to  say. 

1983.  I)o  you  happen  to  remember  what  oxygen  ab- 
sorbed in  four  hours  the  crude  sewage  of  Yeovil  would  give 
roughly? — Speaking  from  memory  I  cannot  give  you 
•ewage,  but  I  can  give  you  a  tank  effluent— 10. 

1984.  The  tank  effluent  10  ?— The  tank  effluent  10,  yes. 

1966.  Then  do  you  remember  what  is  the  average  of  the 
(titrate  ?--I  do  not ;  I  cannot  speak  with  any  certainty. 

196';    Could  you  giv«  us  that  i  fiof  lation  ?— I  can. 


1987.  {Ma joT  -  General  Carey,)  There  has  been  no 
analysis  recently  made  of  the  Yeovil  effluent? — The  latest 
were  made  by  Mr.  Dibdin. 

1988.  That  is  some  time  ego  ? — ^No;  about  a  month  ago. 
1  may  say  that  the  Teovil  authorities — ^their  surveyor 
sends  up  the  samples  and  takes  these  analyses,  and  I  only 
see  them  if  I  ask  for  them. 

1989.  {Professor  Foster,)  I  understand  you  do  not  pro- 
fess to  speak  upon  the  bacteriology  of  the  question? — ^No. 

1990.  I  gather  that  that  little  intercepting  chamber  is 
the  only  chamber  from  which  you  remove  things  ? — Biat 
is  so. 

1991.  What  you  remove  consists  not  only  of  grit,  that  is 
to  say  of  inorganic  particles,  but  of  a  great  deal  of  organic 
matter  ? — ^I  have  provided  the  caretiiker  with  a  paddle,  so 
that  he  can  stir  it  thoroughly  up  before  he  puts  in  the 
shovel  to  take  out  the  grit  from  the  pit. 

1992.  So  that  practically  a  good  deal  of  organic  matter 
is  removed  at  that  time  ? — ^What  is  adliering  to  the  sand 

1993.  For  instance,  do  you  have  corks  in  your  sewage  ? 
—Well,  strangely  enough  we  have  had  very  few  corks 
come  down  to  the  works. 

1994.  But  if  they  did  come  they  would  be  intercepted 
in  this  little  intercepting  chamber? — ^In  that  little  inter- 
cepting chamber,  yes ;  and  they  would  probably  be  in- 
tercepted in  the  inlet  pipes  to  the  tank. . 

1995.  Anyhow,  I  suppose  there  is  no  solution  of  corks 
in  your  septic  tank  ? — ^I  am  not  aware  of  any. 

1996.  I  am  so  sorry  that  I  was  not  able  to  inspect  the 
works  myself.  Tou  speak  continually  of  the  scum  which 
gathers  on  the  surface  of  the  septic  tank.  The  effluent  is 
taken  off  beneath  that  scum  ? — Tes. 

1997.  Is  that  scum  increasing  or  does  that  remain  con- 
stant in  depth  ? — ^The  scum  in  the  winter  time  increases  in 
depth. 

1998.  To  what  extent?— To  between  two  and  three 
inches.  In  the  summer  time  the  whole  body  of  the  tank 
is  practically  free  from  scum ;  it  has  disappeared.  I  take 
it  that  the  warmth  of  i^e  weather  influences  the  action 
that  decomposes  it  or  decays  it. 

1999.  Has  that  been  examined,  that  scum  as  to  its 
nature  ? — ^Tes. 

2000.  I  do  not  mean  merely  containing  so  much  nitro- 
gen ? — Microscopically. 

2001.  No,  no,  I  mean  as  to  the  substances  of  which  it 
is  composed  ?— It  has  been  only  examined  microscopically. 

20(^.  Tour  sediment  has  not  increased  from  your  state- 
ment so  much  of  late  as  it  did  at  first  ?— From  the  measure- 
ments I  was  able  to  take  last  week  it  has  not ;  it  has  not 
increased  at  the  same  rate. 

2003.  So  that  the  increment  of  sediment  is  diminish- 
ing ?-_l8  diminishing,  but  at  the  same  time  the  quantity, 
-the  dust-like  particles  tliat  come  away  with  the  effluent 
appear  to  be  more  numerous  or  on  the  increase. 

2004.  That  is  to  say,  the  particles  which  ought  to  have 
been  retained  in  the  sediment,  some  of  them  come 
away  in  the  effluent,  is  that  what  you  mean?— That  is 
so.  *  l^ere  appears  to  be  a  washing  action,  a  continual 
rising  from  the  bottom  and  a  dropping  again  to  the 
bottom  going  on,  and  the  particles  coming  in  front  of  the 
slot  of  the  outlet  pipe  are  drawn  with  the  discharging 
effluent. 

2005.  I  understand  that  the  gases  which  are  given  off 
are  used  for  lighting  purposes  f—Tes. 

2006.  So  that  they  give  you  a  rough  measureinffnt  of 
the  amount  of  ooal  gas,  at  all  events,  wh*.ch  is  being 
produced  ?— Tes,  sir. 

2007.  I  think  you  said  that  when  there  was  a  great 
deal  of  rain  yuar  illumination  was  diminished,  that  is  to 
say,  the  amount  of  gas  given  off  was  diminished? — ^Tes, 
then  I  was  referring  to  a  jet  that  I  light  in  the  surface 
close  down  to  the  top  of  the  tank.  I  have  not  observed 
the  same  thing  with  the  lamp.  Of  course,  the  light  is 
obtained  from  the  gas  with  the  aid  of  incandescent  mantles. 

2008.  But  by  means  of  this  jet,  you  have  a  means 
of  roughly  measuring  the  amount  of  gas  which  is 
being  given  off.  I  mean  if  there  was  any  marked 
changes  that  would  show  them,  would  it,  or  would 
it  not  7 — ^It  appears  to  me  to  be  more  rapid  during  warm 
'W'^eather  than  during  such  a  day  as  we  iiave  got  to-day. 
But  th:e  reason  why  I  am  unable  to  estimate  the  quantity 
is  that  it  is  leaking  away  from  the  tank  all  over  the  sur- 
face apparently. 
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2009.  I  understand  that  it  does  not  accumulate  so  as 
to  give  rise  to  any  pressure  at  all? — That  ia  ao.  Mr. 
Dibdin  made  a  very  careful  triaL  I  have  tried  it  myself - 
with  the  gauge  which  is  used  for  estimating  the  pressure 
on  the  lamps  in  the  town,  and  shutting  off  and  on 
quickly  I  could  obtain  no  indication  of  any  pressure. 
Mr.  IHbdin  tried  a  more  delicate  instrument,  and  failed 
to  find  any  pressure. 

2010.  Has  it  occurred  to  you  that  an  increase  of  the 
pressure  of  the  gas  might  interfere  with  the  changes  which 
are  taking  place  below? — ^No,  air.  There  was  one  acci- 
dent happened  when  taking  samples  of  the  deposit  from 
the  tank.  Taking  samples  one  evening  the  gas  was 
ignited,  an  explosion  took  place,  blowing  off  the  man- 
hole covers.  The  two  following  days  I  observed  the 
effluent  from  the  tank  was  much  clearer  than  it  had  been 
previously  or  afterwards,  but  further  than  that  it  has  not 
occurred  to  me  what  influence  pressure  might  have  on  it. 
I  may  say  that  I  have  burned  it  off  continuously  for  three 
'days  at  a  stretch. 

2011.  I  do  not  wish  to  speak  to  you  much  about,  the 
filters,  because  you  say  that  is  not  so  much  your  province, 
but  I  understood  you  to  say  that  for  the  filters  to  remain 
full  for  any  length  of  time  or  beyond  a  certain  time  was 
not  good  for  them  ? — ^That  ia  so. 

2012.  That  is  to  say,  I  suppose,  there  is  a  particular 
length  of  time  during  which  they  should  be  full  or  during 
which  the  materials  should  stay,  the  fluid  should  stay  in 
the  filter  ?— Yes. 

2013.  If  it  is  less  than  that — ^I  mean  if  the  fluid  were 
run  through  too  quickly  the  change  would  not  take  place, 
and  if  the  fluid  remains  in  the  filter  too  long  the  change  is 
not  relatively  so  great? — The  result  is  not  so  great;  that 
is  to  Wiy,  so  much  is  this  tlie  case  that  we  have  now  devised 
a  time  arrangement  for  discharging  the  filters  with  the  new 
apparatus,  when  a  filter  fills  it  diverts  the  sewage  to  the 
filter  to  be  filled,  and  remains  itsdf  fuU  imtil  a  set  time,  an 
hour,  an  hour  and  a  quarter,  or  whatever  time  may  be 
fixed  for  it,  and  then  discharges  itself.  There  is  nothing 
to  be  gained  by  letting  the  filter  stand  full  more  than  an 
hour  with  our  sewage. 

2014.  Are  you  at  all  inclined  to  think  that  there  are 
■  special  changes  taking  place  in  your  septic  tank,  not  merely 

the  general  diffusion  of  several  paits  of  the  sewage  as  it 
comes  in,  and  not  simply  the  mere  solution  of  the  eolid 
matters,  but  changes  by  which  the  material  of  the  sewage 
is  made,  so  to  speak,  easier  to  be  worked  upon  by  the 
organisms  in  the  filter? — My  view  is  that  the  water 
between  the  two  layersi  the  top  layer  and  the  bottom  layer, 
is  undoubtedly  acted  upon  in  ita  passage  through  the  tank. 

2015-6.  Quite  so ;  beyond  mere  solution  of  visible  par- 
ticles, or  are  you  speaking  only  of  the  solution? — ^I  am 
speaking  now  of  the  parts  in  solution. 

2017.  Then  the  material  in  solution  is  acted  upon? — 
Then  the  material  in  solution  is  acted  upon. 

2018.  And  that  action  is  of  such  a  character  as  to  facili- 
tate the  subsequent  action  of  the  filter  ? — ^Yes,  undoubtedly 
the  ammonias  are  increased ;  an  unstable  condition  is  set 
up. 

2019.  That  xa  the  general  view  you  have.  Have  you 
any  special  number  of  facts  upon  which  you  base  it,  or  is 
it  merely  a  general  conception  to  which  you  have  been 
led? — That  is  a  conclusion  to  which  I  have  been  led  by 
th«  odour  that  arises  at  tlie  outlet  pipe. 

2020.  By  the  odour? — ^By  the  odour.  It  is  distinctly 
an  ammoniacal  odour ;  but  the  analyses  that  have  been 
made  will,  I  think,  indicate  the  same  thing. 

2021.  Ko  one  has  examined  either  your  sewage  or  your 
sediment  in  the  tank  with  the  view  of  ascertaining  what 
are  the  accual  constituents.  I  mean,  for  instance,  how 
much  cellulose  there  are  in  your  sewage  or  what  is  the 
condition  of  the  cellulose  in  your  septic  tank  ? — No,  sir. 

2022.  Nor  has  any  one  examined  2X)ologically  with  care 
your  septic  tank^  have  they,  beyond  the  bacteriological 

•  examination  ? — ^No,  sir. 

2023.  That  is  simply  by  the  ordinary  system  ? — ^Yea 

2024.  I  see  Dr.  Bideal  speaks  of  various  species  of 
animal  present  in  your  sediment? — ^Yes. 

2025.  But  has  any  zoologist  actually  determined  them  I 
— I  do  not  think  so.    - 

2026.  (Major-General  Carey.)  The  samples  that  you 
have  taken  for  analysis,  have  they  always  included  the 
trat  flow  from  the  filter,  or  has  a  certain  interval  of  time 
been  allowed  to  pass  before  the  first  sample  was  taken? 
—The  intervals  are  these,  sir ;  one  minute  after  the  open- 
ly Ig. 
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vDg  of  the  valve  a  sample  is  taken ;  three  minutes,  six 

minutes,  ten  minutes,  and  twenty  minutes.    These  figures       

were  arrived  at  to  get  equal  volumes  of  discharge^  and  the  ig  o^risn. 
analyses  were  made  from  these  samples  mixed.  

2027.  From  the  samples  mixed  together  ?— From  the 
samples  mixed  together,  but  analyses  have  been  made  of 
the  first  and  of  the  last 

2028.  Of  the  first  rush  ?— Of  the  first  rush. 

2029.  Before  the  first  minute  ? — At  the  first  minute. 

2030.  Before  the  first  minute ;  the  moment  the  valve 
was  open,  and  it  came  from  the  filter  ? — ^Immediately  the 
valve  is  opened  a  minute  is  allowed  to  elapse,  and  then 
the  sample  has  been  taken. 

2031.  Why  has  a  minute  been  allowed  to  elapse  ? — ^That 
was  for  the  purpose  of  dividing  up  the  quantity  that  was 
discharged  from  the  filters  so  as  to  get  a  sample  from  equal 
volumes  discharged,  but  I  may  say  that  the  filtrates  so 
taken  have  been  taken  separately,  and  determined  by  the 
amount  of  oxygen  consumed,  and  in  many  cases  they  gave 
a  uniform  result  from  the  beginning  to  the  end. 

2032.  What  is  the  maximum  rate  of  filtration  of  the  dry 
weather  flow  at  Belle  Isle  ?  I  think  you  gave  ua  the  firet 
experiments? — ^It  would  go  on  at  the  rate  during  dry 
weather,  running  up  to  81,000  or  82,000  gallons. 

2033.  But  in  gallons  per  square  yard? — Ths/t  would 
be  taking  the  average  that  we  have  dealt  with.  It  would 
vary  from  800,000  gallons  per  acre  per  day ;  it  would  vary 
from  170  gallons  per  square  yard  to  about  200  gallons  per 
square  yard. 

2034.  Have  you  never  been  below  that  rate  ? — During  a 
continuation  of  dry  weather,  I  gave  you  the  average. 

2035.  I  mean  the  dry  weather  flow  ? — During  the  con- 
tinuance of  a  long  spell  of  dry  weather  we  should  be  under 
that  quantity. 

2036.  Do  you  consider  that  rate  is  a  safe  workixig  rate, 
170  gallons  per  square  yard  per  diem  ? — ^Anything  up  to 
1,000,000  gallons,  but  I  have  worked  at  the  rate  of  over 
1,800,000  gallons  per  acre  per  day. 

2037.  In  storms? — ^In  storms.  ^' 

2038.  That  is  what  I  want  to  come  to.  Is  the  same 
rate  allowed  at  Yeovil  where  the  sewage  is  mixed  with 
trade  refuse  ? — I  cannot  recollect,  sir.  The  flow  there  is 
uniform  to  the  tank  and  filters. 

2039.  But  is  it  slower  than  160  gallons  per  square  yard  ? 
— That  I  am  unable  to  tell  you. 

2040.  I  should  like  to  know  that  ?— I  will  find  that  out 
by  to-morrow,  if  I  can. 

2041.  Now,  let  us  go  back  to  the  storm  water.  Aa  I 
understand  you,  3^  times  the  dry  weather  flow  can  pasa 
through  the  tanka  and  filters ;  is  not  that  so  f — ^Yea. 

2042.  The  dry  weather  flow  remains  a  certain  period  in 
the  tank,  say  18  to  20  hours,  which  you  said  was  the  most 
efficient  period,  I  think,  and  this  period  is  suddenly 
shortened  by  the  admission  of  a  large  volume  of  storm 
water.  Is  the  bacterial  action  equally  effective,  or  ia  it 
seriously  lessened  by  the  increased  volume  of  water?— 
Several  of  the  analyses  taken  were  during  suoh  conditions 
of  weather  when  the  flow  was  very  much  swollen  by  rain 
water.  If  the  large  quantity  that  I  mentioned,  the  maxi- 
mum quantity  for  filtration  that  I  mentioned  to  you,  con- 
tinued for  a  certain  length  of  time  the  filters  would  become 
waterlogged,  but  the  effluent  from  the  tank  apparently 
undergoes  far  less  change  through  the  action  of  the  flood 
than  the  working  of  the  filters.  The  t«nk  is  more  elaatio  in 
dealing  with  variations  in  the  quantity  tlian  are  the  filters. 

2043.  Have  the  tanks  and  filters  ever  been  tested  up  to 
their  maximum  proportion  of  3^  times  the  flow? — ^Thegr 
have  been  tested  up  to  more  than  that,  sir ;  they  have 
been  tested  up  to  122,000  frequently. 

2044.  Wen,  that  would  be  3i  times  ?— That  would  be 
3i  times,  yes. 

2045.  Up  to  that  proportion  I  understand  you  make  no 
special  provision  for  dealing  with  storm  water ;  your  tanka 
and  filters  will  be  sufficient  to  deal  efficiently  with  the  dry 
weather  flow,  and  that  volume  of  storm  watdr  ? — ^That  is  ao. 

2046.  Of  course  that  remark  applies  only  to  domestto 
sewage  ? — To  domestic  sewage. 

2047.  Has  there  been  sufficient  experience  of  the  treftb- 
ment  of  sewage  mixed  with  trade  refuse  and  storm  water 
to  enable  you  to  decide  whether  you  can  deal  with  tfa«t 
proportion  ?— It  has  not,  sir.  I  am  unable  to  give  the 
results  of  experience  on  that  point. 

2048.  Do  you  consider  that  the  treatment  in  the  seplio 
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JAiik  IB  incomplete  without  the  subsequent  filtration?— I 
la 

2049.  Tou  would  not  advocate  the  provision  of  a  septic 
and  nothing  elsef — Except  on  conditions,  such  as  a 

outlet  or  into  an  estuary. 

2050.  But  only  under  these  conditions? — Only  under 
these  oonditiona. 

2061.  Is  there  any  nuisance  likely  to  arise  when  the 
septic  tank  has  to  be  emptied,  and  the  sludge  has  to  be  re- 
moTed  ?— Supposing  that  a  tank  is  constructed  in  a  town, 
of  course  you  cannot  be  always  selecting,  I  suppose,  sites 
that  are  removed  from  houses.  I  am  now  referring  to  a 
place  like  Morecambe,  where  they  are  going  to  adopt  the 
septic  tank  treatment  before  discharging  sewage  into  the 
tideway,  but  that  tank  is  surrounded  by  houses,  and  it  has 
occurred  to  me  whether  a  nuisance  might  not  arise  when- 
ever the  sludge  from  the  tank  had  to  be  emptied  ? — ^The 
sediment  itself  is,  unless  warmed  and  stirred,  praciacally 
inodorous,  and  drys  quickly  into  a  powder  very  like 
garden  mould,  and  I  anticipate  no  nuisance  need  be 
created  in  withdrawing  it  from  the^ai^ 

2052.  Of  course,  by  having  your  tanks  underground 
you  lose  command,  in  certain  situations,  of  land  and  pos- 
sibly of  filters  also? — ^No;  in  the  case  of  the  tank,  sir, 
there  is  no  loss  of  head — ^practically  no  loss  of  head  with 
the  tank ;  the  loss  of  head  occurs  at  the  filters.  It  flows 
out  of  the  tank  practically  at  the  same  level  as  it  comes  into 
it.  That  would  be  the  level  of  the  invert  of  the  sewer — 
flUghlly  above  the  level  of  the  invert  of  the  sewer.  Ac- 
cording to  the  depth  of  the  filter  so  will  the  loss  of  head 
be.    We  found  in  Exeter  from  taps  placed  on  No.  3  filter, 


60  as  to  be  able  to  draw  off  at  every  foot  down,  that  the 
maximum  purification  took  place  at  3  feet,  conaequently 
I  recommend  that  the  filteis  should  not  now  be  more  than 
4  feet  in  depth. 

2063.  It  is  an  essential  part  of  your  scheme  that  the 
tank  should  be  underground,  is  it  not? — ^No,  not  neces- 

sanly. 

2064.  Have  you  ever  had  ihem  above  ground  ? — Yes. 

2065.  Entirely  above  ground? — I  think  at  Limpsfield 
and  Oxted  they  are  above  ground,  if  I  remember  right, 
are  proposed  to  be  above  ground. 

2056.  Why  should  you  put  them  underground? — 
Usually  the  sewer  is  at  that  level,  the  tank  will  follow  the- 
level  of  the  sewer, 

2067.  But  there  is  no  real  necessity  ? — ^No. 

2058.  Except  to  allow  the  sewage  to  discharge  into  the 
tank  by  gravitation  ? — That  is  so ;  the  most  economical' 
would  be  half  under  and  half  over. 

2050.  I  do  not  know  whether  this  is  within  your  pro- 
vince to  give  an  opinion  about.  How  do  you  account 
for  the  aerobic  action  in  Dibdin's  filters  being  appa- 
rently sufficient  to  break  up  the  sewage  without  the  pre- 
vious anaerobic  action  in  the  septic  tank  ? — ^I  do  not  know 
whether  Mr.  Dibdin  contends  that  it  is  an  aerobic  action 
or  not,  but  Dr.  ^ideal  contends  that  it  is  an  anaerobic 
action. 

2060.  In  the  filter  ? — ^In  the  filter,  in  the  roughing  filter, 
and  Dr.  Adeney's  definition  of  anaSrobic  fermentation 
would  also  favour  that  view. 
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Place. 


Exeter:  St.  Leonards 


Population 

provided 

for. 


Exeter    .... 

47,000 

Barrhead 

10,000 

Wallingford    - 

2,989 

Warley  ...       - 

500 

St.  Budeaux  - 

600 

1,500 


i 

Cost  per 

1,000  gallonfi 

tobe 

Cost  of 

Maximum 

Gallom« 

Cost 

Maintenance 

flow  daily. 

treated  daily. 

per  head. 

per  1,000 

treated  daily. 

gallons  treated. 

Normal  flow. 

.V.     rf. 

£     s,    rf. 

rf. 

36.000 

23*3 

— 

— 

Average  flow. 

54,000 

36  0 

•3 

Max.  flow  designed. 

81,000 

54-0 

8    74 

8      -    - 

— 

Actual  max.  flow. 

122,000 

[          81-3 

— 

— 

— 

2,500,000 

53-2 

6    4i 

6    17    - 

•05 

400,000 

40-0 

9    6 

11     17    2 

•13 

90,000 

30*0 

U    2 

18    13    8 

— 

20,000 

40*0 

19    - 

23    17    - 

•33 

15,000 

30*0 

13    6 

22    15    4 

•40 
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Mr.  Charles  Phiup  Cotton. 

Mr.  F.  J.  Willis,  Sen-etary. 


Mr.D. 
Cameron. 


Mr.  Donald  Oamebon,  Oity  Surveyor, 

2061.  (Dr.  BusselL)  I  understood  you  to  say  that  the 
sewage  remained  on  an  average  from  18  to  20  hours  in  your 
tank ;  am  I  right  ? — ^The  average  of  the  year  has  been  24 

19  Oct.  law,  hcurs  in  the  tuik.  What  I  said  was  that  the  best  results 
were  obtained  when  the  sewage  remained  in  the  tank  from 
18  to  20  hours. 

2062.  If  we  start  with  the  conception  of  sewage  as  oon- 
■iflting  of  two  parts,  the  fluid  and  the  suspended  solid 
matter,  that  hardly  represents  lihe  true  state  of  the  caae? 
— ^That  is  sa    I  mentioned  that  the  <ii@gMC«it,  both  top  and 


Exeter,  recalled ;  and  further  Examined. 

bottom,  remained  in  the  tank  for  a  very  much  longer 
period — accumulate  in  the  tank. 

2063.  In  fact,  they  remain  for  an  indefinite  time? — 
That  is  so. 

2064.  So  that  the  tank  is  what  you  may  call  a  tank  of 
deposit ;  it  slows  down  the  current  of  the  sewage  la&d 
enables  the  suspended  matter  to  subside  or  form  a  scunt 
on  top? — ^Yes. 

2065.  And  thereafter  oontinuously  goes  through  cer- 
tain processes? — ^Yee. 
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2066.  Which  result  in  the  solution  of  the  greater  part 
<d  the  organic  matter? — Yes,  what  Dr.  Sims  Woodhead 
calls  a  decomposition  of  the  solid  matters  in  the  sewage. 
I  think  he  says  a  decomposition  not  of  a  putrefbctiye 
nature.  If  I  remember  rightly  he  said  that  the  decern- 
piositior.  that  takes  place  was  not  necessarily  a  putrefao- 
tire  process. 

2067.  And  you  made  a  very  interesting  observation 
ttiat  the  scum  thinned  off  in  the  summer  time  with  the 
increased  activity  of  the  process  of  decomposition  ?-^Tes, 
and  that  was  also  the  case  of  the  experimental  tank  which 
was  resting;  the  first  experimental  tank  when  resting, 
when  stopped  from  working,  after  a  while  the  scum  d^ 
appeared  altogether.  In  the  case  of  Teovil,  where  the 
action  is  very  much  more  rapid,  till  quite  recently  no  scum 
was  formed  at  all,  but  only  a  film. 

2068.  So  that  any  defect  in  seasonal  activity  arising  from 
temperature  is  equalised  and  made  up  by  an  excess  in 
favounng  circumstances  of  warm  weather  probably? — 
Yes ;  that  is  another  of  the  smoothing  influences  of  the 
tank,  of  storing  during  cold  or  wintry  weather,  and  then 
a  more  rapid  decomposition  during  warm  weather.  I  may 
say  that  all  the  temperatures  I  h&ve  got  of  the  inside  of 
the  tank  are  more  uniform  than  those  of  the  external 
atmosphere. 

2060.  So  that  the  best  theoretical  result  that  you  can 
hope  for  from  your  tank  is  that  the  speed  should  be  such 
as  to  permit  of  the  subsidence  of  this  suspended  matter, 
or  at  any  rate,  of  its  stratification.  Tou  can  work  your 
tank  at  as  high  a  rate  as  you  please,  provided  it  allows  Uio 
suspended  matter  to  stratify  itself  ^— That  is  so.  From 
the  observations  that  were  made  of  the  tank  at  Exeter,  } 
have  come  to  the  conclusion  that  it  is  too  large  for  th« 
work  it  has  to  do,  and  that  is  confirmed  by  Dr.  Bidesl'ff 
analysis,  when  he  found  traces  of  nitrates  in  the  tank 
-effluent,  that  is,  that  the  tank  was  doing  work  which  should 
really  be  done  by  the  filter.  The  reason  of  its  being  so 
latge  is  the  attempt  to  deal  with  a  certain  amount  of  storm 
water  as  well  as  the  normal  sewage. 

2070.  These  tanks  are  of  historical  interest  to  my  mind, 
because  it  reminds  me  of  what  was  called  the  **  sewer  o' 
•deposit,"  and  I  suppose  it  shows  that  there  is  some  good 
really  in  a  sewer  of  deposit,  or,  at  any  rate,  some  elements 
of  good,  that  can  be  followed  up  and  worked  out  with 
«uccess  in  such  a  method  as  you  have  adopted  ? — ^I  always 
looked  upon  the  smell  arising  from  a  manhole  as  being 
caused  by  a  decomposing  deposit  in  the  immediate  vicinity, 
and  I  have  always  looked  upon  that  as  objectionable,  and 
provided  flushing  apparatus  for  removing  it  instead  of 
ventilating  apparatus  for  diffusii^  the  gas  in  the  town. 
In  a  trunk  sewer  there  is  a  certain  amount  of  decomposi- 
tion going  on  undoubtedly. 

2071.  So  that  it  is  simply  owing  to  the  length  of  flow 
through  a  sewer.  If  the  sewage  of  a  town  happened  to 
flow  to  works  for  a  mile  or  two— if  you  can  imagine  such 
a  thing  for  the  present  purpose — ^then  the  sewage  would 
be  more  nearly  in  the  state  which  you  aim  at  than  if  it 
were  taken  immediately  the  intercepting  sewer  bi^an? — 
I  conclude  that  less  stay  in  a  tank  would  be  necessary 
under  such  conditions. 

2072.  Then  you  mentioned  this  matter  of  odour.  I 
have  got  here  an  article  entitled  "  Massachusetts  Experi- 
ment on  the  Purification  of  Fresh,  Stale,  and  Septic 
Sewage,"  by  H.  V^.  Clarke,  who  is  the  chemist  to  the 
State  Board  of  Health  of  ^Vfassachusetts,  attached  to  the 
famous  experimental  works  at  Lawrence,  and  I  see  he 
states  that  the  sewage  as  drawn  from  their  en>erimental 
tank,  constructed  according  to  what  he  believed  to  be  Hlm 
new  system,  had  an  abominable  odour ;  the  sewage,  after 
its  stay  in  the  tank,  is,  when  drawn  from  it,  of  an  exceed- 
ingly offensive  odour ;  quite  highly  coloured,  but  clear  for 
sewage,  and  containing  a  relatively  small  amount  of  matters 
in  suspension."  How  do  you  account  for  that  happening  ? 
— I  conohide  that  in  that  case  the  sewage  was  detained 
for  a  longer  period  than  is  necessary  in  the  tank.  In 
Exeter,  when  the  tank  is  doing  what  is  more  nearly  its 
proper  amount  of  work,  the  only  odour  discernible  is  at  the 
outlet.  When  the  manhole  covers  are  taken  off  the  top 
of  the  tank  very  little  smell  is  discernible,  but  at  the  outlet 
there  is  a  decidedly  ammoniacal  smell,  which  I  think 
Professor  Bamsay  concluded  was  sulphate  of  ammonia, 
but  that  is  never  so  intense  as  to  be  a  nuisance.  I  think 
the  beet  evidence  of  that  is  that  for  the  whole  year  the 
aerator  was  open  to  the  atmosphere  within  a  few  yards 
of  the  public  thoroughfare  and  within  70  yards  of  a  large 
house. 

2073.  I  have  little  doubt  from  what  I  hear  from  my 
brother  Commissioners  about  their  observations  at  Exeter, 
•and  what  you  have  said,  that  you  have  certainly  pro- 
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duced,  so  far,  no  nuisance ;  but  I  wanted  to  point  oat 
that  it  was  possible  to  treat  sewage,  in  a  manner,  on  Hub 
new  system,  so  as  to  produce  a  foiU  odour  ^— Yes. 

2074.  And  your  suggestion  is  that  it  is  kept  too  long 
in  the  tank? — Yes. 

2075.  I  think  that  is  probably  correct,  because  I  see 
here  it  says  that  the  sewage  remains  in  the  tank  from 
twenty-four  to  thirty-six  hours? — I  may  say  that  that 
same  odour,  that  offensive  odour,  was  found  in  Exeter 
before  the  filters  were  completed-^fourteen  days  beloKe» 
the  tank  was  filled  so  as  to  let  it  form,  to  let  fermenta- 
tion go  on,  and  when  the  first  liquor  was  drawn  from  the 
tank  it  was  extremely  offensive. 

2076.  I  see  that  this  chemist  also  says  that  when  the 
effluent  was  run  upon  ordinary  intermittent  fflters  con- 
taining five  feet  in  depth  of  sand,  the  filtrate  had  a  very 
foul  smell,  whereas  when  it  was  run  upon  a  bacterial  filter 
containing  five  feet  in  depth  of  smtdl  pieoes  of  coke  it 
produced  a  filtrate  which  was  entirely  free  from  smell  ? — 
From  the  experiments  made  in  Exeter  we  found  that 
nitrification  with  coarse  gravel  was  less  than  that  of  sand, 
but  both  results  were  much  inferior  from  that  obtained 
from  the  coke  or  the  cHnker. 

2077.  Do  you  not  think  that  the  production  of  an 
odourless  effluent  from  the  tank  depends  upon  the  rate  at 
which  the  fluid  part  flows  away  in  some  measure  ? — ^I  think 
it  altogether  depends  upon  the  stay  of  the  sewage  in  the 
tank.  I  think  it  may  be  accepted  that  there  is  complete 
diffusion  in  the  tank.  That  question  arose,  and  was  tried, 
by  iatroducing  colouiing  matter  into  the  tank,  and  it  was 
found  that  the  colouring  matter  discharged  from  the  tank 
at  the  time  when  the  sewage  with  which  it  was  mixed 
should  appear  at  the  outlet. 

2078.  The  suggestion  that  the  rate  of  flow  varied  would 
explain  why  it  is  that  keeping  it  too  long  produced  a  foul 
effluent  ? — ^I  take  it  in  that  report  they  retained  the  sewage 
altogether  entirely  in  the  tank— closed  up  in  the  tank. 

2079.  Yes,  that  is  so ;  it  is  not  a  moving  body  of  liquid. 
He  does  not  explain  the  matter,  but  it  strikes  me  that 
that  must  be  the  case.  Another  historical  point  of  in- 
terest is  I  hat  th's  practically  amounts  to  making  the 
sewage  as  stale  as  possible  before  bringing  it  to  the  place 
of  fiiL^l  treatment,  whereas  if  I  mistake  not,  we  used  to  be 
told  that  the  fresher  the  sewage  was  brought  to  the  place 
of  treatment,  the  better  it  was  for  agricultural  purposes  ? 
— ^Yes,  but  in  Exeter  the  sewage  is  very  fresh  as  it  comes 
to  the  tank ;  it  is  a  short  distance,  with  rapid  falls. 

2080.  So  that  your  tanks  have  to  do  really  all  the 
work  ? — ^All  the  work,  practically. 

2081.  Whereas  in  some  places  a  good  deal  of  it  would 
he  done  by  intercepting  sewers  ? — Before  it  arrives  at  the 
works. 

2082.  I  understood  you  to  say  that  owiog  to  the  variable 
flow  of  the  aewage,  and  the  fact  that  the  sewage  must  be 
worked  off  as  it  comes,  the  resting  in  the  filters  varies  ^— 
Yes. 

2063.  Does  that  affect  the  character  of  the  effluent^  or 
not?— It  affects  the  character  of  the  filtrate  only. 

2084.  I  beg  your  pardon,  I  desired  to  use  the  word 
"  filtrate  "  ? — ^It  does  not  appear  to  interfere  with  the  tank 
in  any  way,  but  during  the  five  hours  of  night  when  there 
is  practically  no  flow,  a  filter  takes  a  long  time  to  fill,  and 
the  one  that  has  been  filled  is  standing  full  also  for  a  long 
time. 

2085.  Do  you  get  a  better  filtrate  in  the  circumstances 
of  the  slow  ? — ^No,  we  get  a  worse  filtrate.  The  effect  of 
a  quick  filling  of  the  filters — that  is,  when  they  are 
filled  in  an  hour  or  an  hour  and  forty  minutes — Is  such 
that  the  water  capacity  of  the  filters  almost  goei  down 
with  a  run — ^rapidlj  declines.  Before  the  filter  has  had 
time  to  diBcharge,  to  ^»t  rid  of  the  residuaJ  water  in  it,  the 
next  dose  is  upon  it,  and  in  that  way  it  becomes  water- 
logged. 

2086.  You  have  told  us  that  you  had  observed  a  reduc- 
tion of  25  per  cent,  in  the  retentive  capacity  of  the 
filters  in  two  years? — ^In  what  I  have  been  calling  the 
water  capacity,  not  in  the  sensid  in  which  the  Mass^ 
chusettB  Board  of  Health  used  tibe  term,  but  in  the  quan- 
tity of  water  they  will  take  over  and  above  the  filtrant  in 
the  filter. 

2087.  That  seems  to  me  to  be  a  very  serious  fact,  and 
it  must  work  out  either,  I  should  think,  in  increuing 
your  plant,  or  in  increasing  the  size  of  your  filters,  or 
diminishing  the  time  ?— Yes,  but  I  showed  that  if  these 
filters  were  drained— if  they  were  properly  dni&ed— that 
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Mr  D.      capacity  would  be  veiy  much  increased.     A  filter  after  a 
Cnmerom.    day's  rest  and  drained  out  will  take  a  thousand  gallons 
lOOotTieos.  iiiore,  would  take  l-6th  more  when  filled  again  than  it 
would  take  if  the  draining  is  not  carried  out. 

2068.  That,  of  course,  comes  b:ick  again  to  the  amount 
of  work  you  get  out  of  your  filters  ? — ^Yes,  in  consequence 
of  the  arrangements  that  I  hare  got  here,  whereby  the 
valve  of  one  filter  must  be  shut  when  the  adjoinin<:  filter 
is  filling,  it  prevents  the  draining  of  the  filter  during  that 
period. 

2089.  Then  a  very  interesting  and  very  important 
matter  is  the  character  of  the  material  you  use  for  the 
filter  beds.  You  have  found  clinkers  to  be  the  beet? 
—Yes. 

2090.  Can  you  express  generally  what  is  the  principle 
that  is  at  the  bottom  of  the  efficacy  of  different  materials 
for  that  purpose  ? — I  think  coal  when  broken  cubically, 
with  fine,  straight,  smooth  surfaces,  or  a  spar,  gives,  in  my 
<^inion,  the  ideal  surface  for  filtration.  From  the  small 
experiments  I  have  tried  I  have  got  very  good  results 
from  smooith  surfaces  Haid  dead  level,  that  could  be 
flushed  and  semi-dried  alternately.  The  sewage  coming 
Lato  contact  with  that  surface  had  a  very  high  purifying 
effect  upon  it.  And  I  think  the  filtrant  that  will  give 
tfiese  surfaces,  without  containing  any  little  caves  that 
will  hold  the  water,  is  the  filtrant  that  gives  the  best 
fikrate. 

2091.  You  think  it  is  more  the  character  of  the  surfaces 
of  each  individual  element,  so  to  speak,  in  the  filter, 
vather  than  the  intimate  nature,  the  character,  the  poro- 
sity of  the  particle  itself? — ^I  think  the  filtrant  acts  purely 
mechanically  ;  you  simply  require  to  produce  a  surface  for 
the  water  to  flow  over.  I  believe  greatly  in  the  unifor- 
mity of  the  materiiJ.  It,  of  course,  increases  the  expense 
very  much  to  get  a  uniform  size  of  filtrant.  I  find  that  a 
filter  of  fine  sand  3ft.  deep,  and  a  square  foot  in  surface, 
or  ^ree  cubic  feet,  will  hold  almost  full  of  water  when  the 
sand  ia  very  fine,  and  is  in  such  a  condition  that  when  a 
drop  is  pnt  on  the  surface  a  similar  drop  will  fall  from  the 
outlet ;  the  balance  is  almost  perfect.  Then,  of  course, 
as  the  filtrant  is  coarser,  if  it  is  fin.,  almost  the  whole 
of  the  quantity  put  on  the  filter  will  disappear  in  a  few 
minutes,  about  16  per  cent,  being  held  by  capillary  attrac- 
tion. 

2092.  I  noticed  that  you  referred  to  an  instalment  on 
your  principles  at  Barrhead,  which  ie  a  village  near  Glas- 
gow ?-— Yes. 

2093.  Is  it  complete — in  progress  ? — ^The  tanks  are  com- 
plete and  in  work,  and  I  think  four  out  of  the  number  of 
filters  are  also  at  work. 

209a.  (Colonel  Harciing.)  Since  what  date  ?— That  I 
cannot  tell  you  ;  I  think,  last  week. 

2096.  Oh,  quite  recemtly ?— They  were  an  work  la«t 
Friday,  but  when  they  were  started  I  am  not  aware. 

2096.  (Dr.  Bvssell)  Are  these  w^^rKS  to  treat  the  whole 
sewage  of  Barrhead  ?— Yes ;  to  deal  with  a  population  of 
lOyOSo  persons. 

2097.  And  they  include  both  filters  and  tank  ?— Yes. 

2098.  (ProfeJisor  Bamsay.)  I  wae  merely  going  to  ask, 
Are  there  not  a  great  many  works  at  Barrhead,  specially 
dyeing  I^There  are  some  bleach  works  there,  but  the 
samples  of  sewage  that  were  sent  from  there  showed  a 
purely  domestic  sewage.  I  think  they  have  to  deal  with 
their  worst  effluents  to  some  extent  before  discharging 
them  into  the  sewer.  We  were  instructed  not  to  take 
that  into  account. 

2099.  Then  another  question  as  regards  Yeovil.  Are 
you  gettins;  good  results  from  Yeovil  ?— The  results  vary 
considerablv.  We  have  two  coke  filters  there  which  have 
given,  I  think,  bad  results  from  the  beginning,  Iwt  the 
clinker  filters  have  given  very  good  results  indeed,  and 
the  amall  experimental  filters  give  a  very  beautiful  fil- 
trate. Those  works,  as  I  explained  yesterday,  were  laid 
down  by  the  Council  of  Yeovil  for  the  purpose  of  seeing  if 
such  a  sewage  could  be  dealt  with  by  this  method. 

2100.  The  manufacturing  in  Yeovil  is  chiefly  glove- 
making,  I  understand  ?— That  is  so. 

211.  Is  the  effluent  from  the  septic  tank  different 
from  the  effluent  at  Exeter  ?— It  is  browner,  and  smdls 
higher,  and  absorbs  about  10  parts  of  oxygen  per  100,000. 

2102.  Is  there  solid  matter  suspended  in  it  ?— No.  Ac- 
tx)rding  to  Mr.  Naylor's  report,  who  acts  for  the  Somerset 
County  Council,  of  the  137  grains  that  went  into  the  tank, 
only  two  came  out ;  the  action  there  is  undoubtedly  very 
rapid. 


2103.  Is  the  final  effluent  after  filtration  fairly  clear  f 
— ^In  some  cases  very  clear,  but  the  variations  are  very 
considerable. 

2104.  Do  you  attribute  that  to  the  coke  filters?— I 
attributed  that  at  first  to  the  method  of  working  the 
filters ;  they  filled  them  slowly,  and  they  were  kept  full 
too  long.  Tliat  has  now  been  altered,  and  each  filter  is 
filled — ^they  have  been  sub-divided ;  there  were  at  first 
three  filters — ^there  are  now  six — and  each  filter  is  fiUed 
more  rapidly,  and  kept  standing  only  a  definite  period  ;  it 
is  then  discharged  completely  and  allowed  to  drain.  But 
in  advising  the  Yeovil  Board  they  have  been  advised  to 
go  in  for  a  double  ffltration,  considering  the  foul  sewage 
that  has  to  be  dealt  with. 

2105.  The  matter  has  not  been  dropped  by  them? — 
They  have  adopted  it.  They  called  in  Mr.  Dibdin  and,  I 
think.  Dr.  Bideal,  to  make  analyses ;  I  think  both  were 
r«<klled  in. 

2106.  (Sir  Bichard  Thorne.)  1  think  you  have  before 
you  a  report  containing  the  chemical  analyses,  it  foHows 
Dr.  Bideal's  and  Dr.  Dupr6's  reports  ? — Yee. 

2107.  Will  you  kindly  turn  to  the  appendices  to  Dr. 
Bideal's  report  and  look  at  Table  2  for  a  moment — 
dealing  with  the  analyses  of  tank  effluents?  I  notice 
there  that  the  oxygen  absorbed  in  sample  No.  8  was  3*68 
per  100,000,  and  that  in  No.  6  sample  it  is  7-04.  That  io 
so,  is  it  not  ?— No.  6  is  7-04  and  6-82. 

2103.  Then  if  you  look  at  the  total  ammonia,  it  ranges, 
again  between  4*0  and  7-0,  does  it  not  ? — 4-0  azid  7'0. 

2109.  With  regard  to  free  ammonia,  the  range  is  be- 
tween 3*5  and  6-25  ? — ^Yes. 

2110.  Now  if  you  kindly  look  a  little  further  on  at 
the  tables  which  follow  Dr.  Dapr6's  Further  Report,  you 
will  see  in  Table  No.  1,  tank  effluents,  the  range  of  the 
oxygen  absorbed  is  from  1*7  to  3*08? — ^Yes. 

2111.  And  the  range  with  regard  to  ammonia  is  from 
4-25  to  12-50  ?— Yes. 

2112.  And  organic  nitrogen  from  1*80  to  7*75? — 1'80. 

2113.  I  do  not  quote  any  others,  but  these,  of  couree, 
exhibit  from  a  chemical  point  of  view,  very  wide  ranges, 
do  they  not  ? — ^They  do. 

2114.  Could  you  give  the  Commission  any  idea  as  to 
why  there  is  this  very  considerable  variation  in  the  degree 
of  purification  as  viewed  from  the  chemical  standpoint  ?— 
The  samples,  if  I  remember  rightly,  were  taken  at  the 
en,me  time  for  the  ch-emists ;  it  was  during  November, 
and  during,  if  I  remember,  wet  weather.  I  think  the 
samites  were  identical 

^  2115.  That  makes  it  the  more  striking,  does  it  not  ? — 
Yes,  that  is  so. 

2116.  (Professor  Bamsay.)  Are   they  identical?    The- 
first  samples.  Dr.  Bideal's,  were  taken  on  November  4th 
and  5th  ;  Dr.  Dupr^'s  on  November  16th  and  25th?— -No, 
there  must  have  been  a  second  collection. 

2117.  (Sir  Bichard  Thorne.)  My  only  point  is,  could 
you  give  the  Commission  any  idea  why  there  should  be 
this  wide  variation  in  the  chemical  constituents  of  the  tank 
effluents? — No,  I  cannot. 

2118.  May  I  ask  you  a  further  question  ?  If  you  look 
at  Table  No.  4,  following  Dr.  Bideal't  reports,  you  will 
see  that  there  is  a  similar  variation  in  the  analyses  of  the 
raw  sewages.  Take,  for  example,  oxygen  consumed,  the 
variation  is  very  wide,  from  0-74  to  4-92.  I  would  ask, 
is  it  possible  that  this  may  be  due  to  variations  in  the 
quality  of  the  raw  sewage  ?— Undoubtedly  ;  I  think  that 
may  be  assumed. 

2119.  Hove  you  any  idea  what  that  variation  in  the 
raw  sewage  is  which  requires  a  so  much  larger  consump- 
tion of  oxygen  consumed,  in  some  cases  to  what  it 
does  in  others? — ^I  have  not  got  my  rainfall  table  with 
me  ;  probably  that  would  explain  it.  I  believe  it  to  be 
due  to  the  amount  of  rainfall  at  the  time. 

2120.  Do  you  mean  that  excessive  rainfall  dilutes  it  so 
much  that  it  requires  less  oxygen  consumed,  or  that  the 
excessive  rainfall  so  interferes  with  the  operation  of  the 
tank  that  it  requires  more? — ^The  first.  I  should  like  to 
mention,  in  c^onnection  with  that,  that  I  have  seen  a  great 
deal  of  samples  taken  while  these  works  were  going  on 
by  difi'erent  persons,  especially  medical  officers  of  health. 
I  saw  a  sample  taken  by  a  medical  officer  of  health  for  one 
of  the  Midland  counties  and  analysed  by  the  county  analyst 
of  Leicester,  and  from  the  sample  taken — it  was  a  "  catch  " 
sample. 

2121.  A  wliat  sample  ? — A  '*  catch  '*  sample,  not  over  a 
period,  but  a  single  sample  taken  up.    From  the  manner 
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in  which  the  sample  was  taken  1  saw  that  it  would  shew 
a  very  suung  sewage.  The  albuminoid  ammonia  in  that 
case  eame  out  to  the  same  as  Dr.  JDupre  a, 

2122.   W  as  that  sewage  or  Uie  tank  eliluent  ? — That  was 


Mr.D. 

vtiiiMrpfi* 


sewage. 


2125.  I  am  not  going  to  ask  you  any  questions  on  bac- 
terioiog>',  as  you  iiave  already  said  you  do  not  wish  to 
give  evidence  on  that  poiur,  but  have  any  experiments 
ueen  made  with  the  umk  elUuent  or  i:.e  nit  rale  at 
Exeter  with  regard  to  the  organisms  of  typhoid  bacilli? 
— ^iiixporuneufts  were  carried  lxid  i)y  l>r.  Jr*ickard,  of 
Exeter,  on  th-e  behaviour  oi  the  typiioid  bacillus  in  the 
raw  sewage  and  in  the  tank  elUiienr,  on  the  induence  of 
the  raw  sewage  on  the  bacillus,  and  of  the  tank  etUuent 
on  the  bacillus.  If  I  remember  rightly  his  report  is  con- 
tained in  the  evidence  submitted  at  the  Local  Govern- 
menii  Board  inquiry. 

2124.  Would  you  kindly  tell  me  also  whether  any  ex- 
periments have  been  made  witli  regard  to  the  influence  of 
micro-organisms  which  are  involved  in  putrefactive  pro- 
cesses upon  the  water  of  the  Exe  after  the  hltrate  reachee 
the  river  ? — Y  2S. 

2125.  Where  are  they  to  be  found? — ^In  Dr.  Sima 
Woodhead's  report. 

2126.  I  am  not  quite  sure  thatb  I  understood  your  evi- 
dence with  regard  to  the  storm  overflows.  Am  I  right 
in  assuming  that  when  once  the  sewer  is  full  to  it6  whole 
capacity  its  whole  contents  would  be  allowed  to  run  away 
to  the  £xe  ? — ^No ;  what  I  meant  to  convey  was 
this,  and  I  may  desciibe  it  with  regard  to  t^e  present 
practice :  At  present  storm  overflows  are  put  on  the 
sewert  at  a  certain  level,  so  that  when  the  sewer  becomes 
full,  or  nearly  full,  the  stirpIuB  dischazges  mto  the 
streams.  That,  of  course,  depends  upon  the  rate  of  fiofw 
at  that  moment  in  the  eewer.  What  I  suggest  as  a  better 
practice  would  be  to  place  these  storm  overflows  9till 
nigheri  considerably  Ihigher,  so  that  the  sewer  would  need 
to  DO  under  a  head  oi  pressure  bef<»re  any  would  flow  into 
the  river>  and  that  tne  sewage,  as  much  as  the  sewers 
could  carry  under  these  circumstances,  should  be  con- 
veyed to  the  works.  It  does  not  add  very  greatly  to 
the  expense  of  the  sewers  to  increase  the  diameters  by 
the  small  quantity  that  would  be  required  to  convey  the 
whole  of  the  contents  into  the  works,  into  a  storage  there 
provided.  As  the  storage  fills  up  it  will  interfere  with 
the  flow  of  the  sewers,  and  as  it  comes  to  the  full  head  it 
would  cause  the  surplus,  or  the  surplus  over  and  above 
what  the  works  would  deal  with,  to  go  into  the  river. 
The  first  washings  would  be  providied  for,  would  be  got 
into  the  tank,  and  the  subsequent  part  of  the  storm  would 
be  partly  discharged  into  the  stream.  Such  a  storm  oTer- 
flow  would  be  independent  of  the  rate  of  flow  in  the 
sewers,  but  would  depend  upon  the  using  up  of  the  storage 
capacity  provided. 

2127.  Your  table  which  shows  the  maximum  of  the 
flow  of  sewage  indicates  that  that  takes  place  some  time 
about  half -past  ten  or  eleven  in  the  momii^.  At  that 
time  the  maximum  amount  of  sewage  is  flowing  down 
the  sewers,  and  the  sewage  would  practically  all  go  from 
that  tank  into  the  river,  would  it  not?  Or,  rather,  let 
me  put  it  in  this  way :  The  material  that  went  to  the 
tank  would  be  storm  water  plus  the  sewage  which  is 
flowing  during  its  maximum  flow,  would  it  not? — ^These 
are  the  present  conditions.  Tfuit  is  when  the  sewage  is 
at  its  maximum  flow — or  that  period  in  the  curve  {indi- 
cating a  dacumenty  A  storm  overflow  placed  at  the<apex 
of  that  curve  would  show  that  the  mixture  would  be  com- 
posed of  9  of  sewage  and  4^  of  storm  water,  but  in  the 
case  I  have  put,  that  period  of  maximum  flow  would  be 
provided  for  in  the  tanks.  If  a  storm  should  come  at 
that  period  the  tanks  would  take  up  that  quant'ty,  and 
it  would  spread  the  work  over  a  certain  number  of  Louis. 

2128.  Wliat  would  that  excess  consist  of  that  would 
be  used  at  the  works  ? — A  foot  of  storage  for  our  tanks 
would  give  us 

2129.  I  do  not  mean  in  amount ;  what  would  be  the 
material?  Would  it  nob  be  the  storm  water  plus  the 
sewage  that  has  access  to  it  during  the  maximum  flow  ? — 
Undoubtedly  it  would ;  by  that  time  the  storm  sewage 
would  be  much  more  dilute  than  the  admixture  at  present 
discharged  by  storm  overflows. 

2130.  In  other  words,  you  would  simply  rely  upon 
dilution  ? — ^I  would  simply  rdy  upon  dilution.  I  do  not 
suppose  that  any  community  could  f[o  to  the  expense  of 
constructing  works  that  would  deal  with  the  whole  of  the 
storm  waters. 

2131.  I  t9iink  you  have  explained  to  us  pretty  clearly 
that  you  are  not  satisfied  with  the  filter  effluent,  when  the 
contents  stand  in  the  filter  for  a  long  time,  and  especially 
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during  the  night  time  ? — ^I  explained  that  even  under  those 

conditions,  under  the  present  conditions  of  working,  none 

of  the  samples  were  distinctly  bad.     None  of  the  samples  ig  octTisv^ 

of  the  filtrate  even  under  those  conditions  were  distinctly      — — - 

bad.     I  apprehend  they  would  be  materially  improved 

were  the  conditions  altered  to  more  favourable. 

2132.  I  suppose  you  have  no  standard  as  to  what  you 
mean  by  the  word  "  bad "  ? — No  ;  I  go  by  appearance 
only. 

2133.  Tou  have  been  asked  several  questions  as  to  the 
reduction  in  the  filter  capacity  after  a  filter  has  been  in 
use  some  time? — ^Yes. 

2134.  I  have  not  gathered — perhaps  you  have  stated  it 
in  my  absence — ^to  what  that  reduction  is  due  ? — That  re- 
duction is  undoubtedly  due  to  the  filtrant  consolidating* 
and  to  the  formation  of  soil  that  takes  place  in  the  imme^ 
diate  surface.  The  tendency  of  the  solid  matter  in  sus- 
pension coming  away  from  the  tank  is  to  form  soil  on  th& 
immediate  surface  of  the  filter. 

2135.  Not  upon  the  particles  of  which  the  filter  is  com- 
posed, but  merely  on  the  surface  area  of  the  filter  ? — Un- 
doubtedlv  these  particles  penetrate  a  certain  depth,  and 
if  a  weed,  growing  on  the  surface,  is  pulled  up,  aU  the 
rootlets  carry  part  of  the  filtrant  with  them,  and  every  one 
of  the  particles  is  surrounded  by  a  substance  like  garden 
mould. 

2136.  But  could  you  say  whether  there  is  a  formation 
of  anjrthtng  upon  the  surface  of  the  pieces  of  clinker  <^ 
which  the  filter  is  composed  to  any  substantial  depth  vr 
not? — ^I  expUined  that  in  two  years  two  inches  of  the 
filter  surface  has  had  to  be  removed,  especially  during 
last  winter.  In  the  winter  the  accumulation  cannot  be 
dealt  with  as  it  can  in  the  summer  time.  In  the  summer 
it  dries  and  cakes  on  the  surface,  breaks  up  into  cake-like 
piece  ;  the  rake  takes  all  this  off,  but  in  the  wet  weather 
or  cloudy  weather  in  the  winter  time  that  accumulation 
lies  heavy  upon  the  surface  of  the  filter. 

2137.  And  does  nothing  interfere  with  the  capacity  of 
the  filter  below  two  inches  of  the  siirface? — I  have  no 
doubt  that  that  must  go  further,  but  how  £Eur  I  am  not 
able  to  say. 

2138.  (Professor  Bamsay,)  How  do  you  determine  dia 
altered  capacity  of  the  filtera? — >By  fiist  filling  them  when 
dry,  measuring  the  quantity  as  it  went  in  when  they  were* 
dry  ;  then  filling  them  a  second  time  aft^  a  filter  had 
been  thoroughly  wetted,  and  I  took  the  second'  chairge' 
as  the  quantity  of  water  that  the  filter  would  contain. 

2139.  Is  it  not  possible  that  the  clogging  up  of  tho 
filter  is  due  to  the  growth  of  plant-like  organisms  in  the 
imteijlor? — ^W<ell,  I  attiiibiite  tl^e  ddscwfliouration  ibhe^  is 
observable  at  the  firat  rush  of  the  filtrate  to  the  storage  of 
either  the  organisms  or  their  products  being  carried  away 
by  the  filtrate — ^by  the  rush  of  the  filtrate.  That  is  th& 
reason  I  think  it  is  a  distinct  advantage,  as  it  shows  but 
very  little  alteration  or  variation  on  the  general  run  from 
the  filter  as  judged  by  the  amount  of  oxygen  consumed. 

2140.  But  is  it  not  possible  that  the  experiment  of  drain- 
ing a  filter  can  be  more  readily  made  with  a  new  filter  so 
as  to  get  its  total  capacity  than  with  an  old  filter  which 
acts  like  a  sponge,  owing  to  the  organisms  it  has  col- 
lected?— ^I  teiated  the  filter  for  that  on  Friday — ^it  was 
tested  by  Dr.  Dupr6  also— to  see  the  quantity-  of  that 
discharge,  and  to  get  a  curve  of  the  discharge.  I  got  a 
glass  tube  attached  to  the  lowermost  tap  of  No.  3  filter, 
and  took  every  minute  the  fall  of  water  in  the  filter,  and 
the  curve  that  was  got  corresponded  almost  entirely  with 
Dr.  Dupr^'s  previous  experiment. 

2141.  (Professor  Foster.)  You  have  spoken  just  now  of 
the  organisms  in  the  filter.  Have  they  been  eiiamined  ? 
—Yes. 

2142.  Is  there  any  report,  so  to  speak,  on  the  flora  and 
fauna, — Dr.  Sims  WocSihead's. 

2143.  At  different  depths  of  the  filter  ?— No. 

2144.  You  speak  of  the  organisms  being  ''rushed'^ 
through  ? — ^He  does  speak  of  that ;  he  took  it  from  the- 
filter.  He  took  samples  at  different  periods  of  the  dif- 
charge  and  cultivated  them. 

2145.  But  no  specimens  have  been  taken  from  the  sub- 
stance of  the  filter  itself  ^No.  The  only  estimation 
made  in  the  body  of  the  filter  was  for  determining  the- 
amount  of  carbonic  acid  gas  present. 

2146.  (Chairman,)  I  am  not  quite  sure  whether  this 
question  has  been  put  to  you  or  not ;  but  I  presume  the 
filtrate  has  been  kept  and  watched  for  a  considerable- 
period  after  it  has  been  taken  ? — Yes,  it  has. 
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Jft-.  D.         2147.  And  has  it  been  found  that  during  that  time  it 
VwKuron,    jing  developed  either  any  matter  or  any  bad  smell?— On 
19  Oct.  1896.  the  contrary,  without  perceptibly  depositing  any  appr*- 
" eiable  quantity,  it  has  clarified  and  produced  no  smell. 

2148.  And  have  you  ever  made  an  experiment  whether 
a  fish  would  live  in  it  ? — Tee. 

2149.  And  have  you  found  that  they  would  ?— Yes,  gold 
fish  will  live  iai  the  filtrate. 

2150.  {ColoTiel  Harding,)  How  long  did  your  experi- 
ment lasit  ? — Almost  from  the  very  beginning ;  I  should 
think  from  about  Christmas,  139i6.  We  began  the  ex- 
periments with  the  fish.  I  would  have  put  a  tank  near 
the  outfall  if  I  had  made  the  chamber  a  little  larger,  so 
that  the  fish  could  be  placed  there. 

2151.  {Chairman.)  I  just  wanted  to  ask  one  more 
thing.  Have  you  ever  tried  the  effects  of  a  second  fil- 
tration ;  that  is  to  say,  have  you  ever  tried  letting  the  tank 
effluent  go  through  a  filter  made  of  clinkers,  and  then 
through  a  filter  made  of  something  else  ? — ^I  have  tried  the 
experiment  of  making  it  go  through  the  filters  at  these 

•    works,  and  then  going  through  the  experimental  filter. 
It  showed  a  distinct  improvement. 

2152.  It  did  show  an  improvement  ? — ^Yes.  I  look  upon 
the  question  as  altogether  one  of  filtration ;  repeat  the 
filtrations,.  and  the  renults  would  continue  to  improve. 

2153.  Tou  have  not  tried  the  Fecond  nitration  at 
Yeovil  ? — No,  except  in  the  same  way  by  an  experimental 
filter. 

2154.  And  did  you  find  improvement  there  too  ? — Yery 
beautiful  results  indeed. 

I  should  like  to  mention  that  these  works  at  Exeter 
have  been  working  day  in  and  day  out  under 
all  weathers ;  they  have  been  doing  the  entire  work  of 
dealing  with  this  sewage.  A  journal  has  been  kept  of  the 
working,  and  that  journal  was  submitted  to  Dr.  Thomp- 
rson  before  the  inquiry  at  Exeter,  and  also  in  June,  1897, 
and  every  information  that  we  have  in  that  book  was 
placed  at  his  disposal.  There  is  an  impression  abroad 
that  these  works  are  worked  only  under  favourable  cir- 
cumstances, but  such  is  far  from  being  the  case;  they 
are  worked  in  all  weathers,  no  matter  what  the  state  of 
the  weather,  and  they  were  only  stopped  when  an  experi^ 
ment  had  to  be  carried  out,  a^  that  only  happen^,  I 
think,  three  times  in  the  year. 

2155.  (Dr.  Bussell.)  I  think  you  said  yesterday  that  in 
"the  case  of  a  town  on  the  margin  of  the  sea,  or  having  the 
sea  to  discharge  into,  you  think  it  might  be  possible  to 
•discharge  the  effluent  from  the  tank  right  away? — Yes, 
undoubtedly  all  the  offensive  eolids  would  be  held  back 
l)y  the  tank,  and  all  that  would  come  out  would  be  the 
small  particles  that  are  visible  in  the  effluent  at  Exeter, 
which  would  cause  in  a  sea  outlet  no  inconvenience  what- 
ever. 

2156.  If  you  had  a  town  which  was  adopting  a  system 
of  precipitation,  and  proposing  to  run  the  effluent  right 


away  from  tbe  preoipitating  tanks  into  the  sea,  youi 
contention  is  that  the  substitution  of  a  system  of  septic 
tanks  would  be  equally  adequate  ?— I  thmk  it  has  been 
proved  -tiiat  a  septic  tank  will  do  the  work  equal  to  the 
best  form  of  precipitation,  will  do  work  equal  to  the  best 
work  of  a  precipitating  system. 

2157.  And,  of  course,  there  is  the  great  economical 
advantage  from  the  point  of  view  of  the  local  authority 
of  having  no  difficulty  with  sludge  ?— Yes,  and  there  is  a 
further  advantage  as  well,  it  has  been  proved,  by  Mr. 
Thudichum,  that  any  sewage  which  is  deprived  of  its 
organisms  by  chemicals  must  become  putrid  before  it 
can  become  pure. 

2158.  So  that  the  effluent  from  the  precipitating  tanks 
would  not  be  so  stable  as  the  effluent  from  your  septic 
tank  ? — ^The  effluent  from  the  precipitating  tanks  is  stable 
to  a  certain  extent ;  more  stable  than  the  effluent  from  the  . 
septic  tank,  which  is  in  a  very  unstable  condition — the 
smell  from  the  effluent  very  quickly  disappears.  It  has 
been  observed  by  several  people  that  from  the  time  it 
comes  out  from  the  aerator  here  on  plan  to  the  furthest 
away  filter  the  smell  has  almost  entirely  disappeared,  and 
whatever  is  done  to  the  effluent,  however  it  is  treated,  the 
tendency  is  to  become  pure  if  allowed  to  absorb  air. 

2150.  So  that  the  effluent  from  precipitation  tanks 
would  be  more  liable  to  putrefactive  cliange  than  your 
effluent ;  is  that  what  you  mean  ? — ^The  effluent  from  the 
septic  tank  will  not  again  set  up  putrefactive  changes. 
The  effluent  from  precipitation  works  will,  if  not  carefully 
carried  out,  undoubtedly  set  up  after-^fermentatioQ. 

2160.  {TrofesMor  Ramsay.)  I  think  this  is  a  veiy  im- 
portant point,  and  ought  to  be  drawn  special  attention 
to.  In  Mr.  Cameron's  system  the  putrefaction  is  done, 
whereas  in  an  ordinary  system  it  is  not  yet  done,  but  has 
to  go  on  after  the  effluent  is  discharged  ? — ^If  putrefaction 
is  not  completed  altogether,  it  has  still  gone  on  to  such 
a  degree  that  the  tendency  is  to  become  pure. 

2161.  (Professor  Foster.)  Have  any  exact  observations 
been  made  on  the  changes  which  are  taking  place  in  this 
purification  of  which  you  are  speaking  ? — Chemical  exami- 
nations only. 

2162.  That  is  to  say,  there  has  been  a  chemical  exami- 
nation at  the  moment  it  leaves  your  tank,  and  at  the  time 
it  falls  on  to  the  filter  I — No  observations  made  upon  that. 

2163.  No  exact  observations  as  to  what  the  change  is 
that  you  speak  of  as  the  change  of  purification  ^--No, 
but  it  is  very  evident  to  the  senses. 

2164.  To  the  senses  I — ^You  are  trusting  to  observation 
by  the  senses  only,  in  the  statement  you  hare  just  made  ? 
— That  is  so. 

2165.  Speaking  broadly,  taking  the  two  great  changes 
as  putrefactive  and  nitrifying,  the  nitrifying  appears  to 
begin  directiy  it  leaves  the  tank  ;  that  is  what  you  mean  ? 
— ^That  is  what  I  mean. 


Mr.  WrLLiAK   JosBPH  DiBDcr,  F.LC,  F.C.S.,   Eco. ;  called  in  and  Examined. 


Mr.  W.  J.  2166.  (Chairman.)  1  think  you  are  Dr.  Dibdin,  and 
Dibdin,'    (he  inventor  of  what  is  known  as  the  Dibdin  process? — 

T.I.O.,  F.O.S.  jjj  ^hg  Q^j^  instance,  if  I  may  correct  you,  I  am  not  "  Dr." 
19 Oct  1806.  I  sm  only  plain  ''Mr.,"  and  I  do  not  aspire  to  the  posi- 

tion  of  an  inventor  in  this  matter.     I  have  carried  out  a 

series  of  investigations  from  time  to  time  in  my  capaciliy 
as  chemist  to  the  old  Metropolitan  Board  of  "^orks  and 
the  London  County  Council,  and  also  in  my  capacity  as  a 
member  of  tlie  local  authority  at  Sutton,  and  as  a  result 
of  these  investigations,  certain  results  have  arisen,  certain 
facts  have  been  ascertained ;  but  I  do  not  wish  to  put 
these  forward  in  the  nature  of  an  invention  of  any  par- 
ticular system  or  process,  but  merely  that  the  application 
of  these  facts  has  led  up  to  a  practical  position  which  we 
have  found  to  be  of  value  and  interest.  But  in  the  sense 
of  being  an  inventor  of  any  particular  system,  or  having 
proprietary  rights,  or  anything  of  that  kind — I  have  noth- 
ing whatever  to  do  with  that  at  all.  I  do  not  appear 
before  you  in  that  character. 

2167.  But  you  have  had  many  years'  experience  of  these 
things? — ^Yc'3. 

2168.  And  you  have  written  reports  for  tne  iiondon 

Countv  Council? — Yes.    If  your  lordship  would  allow 

me,  I  nave  prepared  a  proof  of  evidence  setting  out  these 

facts  very  shortly,  and  if  it  would  save  time  l  should  be 

-pleased  just  U)  run  through  this  and  then  to  answer  any 


?ue^ionB  as  we  go  on  that  you  may  desire  to  ask.  Then 
would  refer  to  certain  diacrame  whioh  I  have  prepared, 
which  will  show  at  a  glance  a  great  many  of  the 
factfi^I  propose  to  put  before  you,  and  I  have  asked  Mr. 
Thudichum,  who  has  been  with  me  in  carrying  out  these 
investigations  since  1884,  formerly  as  my  assistant  in 
London  and  at  present  as  my  partner,  to  accompany  me. 
and  with  your  permission  I  would  ask  that  he  should  be 
present  and  be  able  to  assist  me  by  showing  the  points, 
if  it  would  assist  you,  of  what  I  have  prepared. 

2169.  Certainly  ? — ^My  statement  is  as  follows :  — 

"  The  witness  is  a  Fellow  of  the  Institute  of  Chcsnistry 
and  of  the  Chemical  Society,  etc  For  fifteen  yeafs  he 
held  the  position  of  Chief  of  the  Chemical  and  Gas  De- 
partment of  the  late  Metropolitan  Board  of  Woi^,  and 
its  successor,  the  London  County  Council.  During  that 
period  he  devised  and  carried  out  the  existing  process 
for  the  purification  of  the  Biver  Thames,  and  subsequ<^rtly 
carried  out  very  numerous  experiments  on  the  purification 
of  sewage  by  biological  methods  at  Barking  Creek,  or 
Northern  Outfall,  Works  of  the  London  County  Council, 
and  at  the  works  of  the  Sutton  (Surrey)  Urban  District 
Council,  which  experiments  have  now  been  extended  in 
various  directions  and  places.  As  a  result  of  these  the 
witness  has  been  able  to  formulate  the  method  known  as 
the  *  Sutton  System,*  by  means  of  which  crude  sewage  is 
treated  directly  by  bacterial  action  with  the  resulting  pro- 
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ducticxi  oi  an  inodoroua  and  non-putrafaciive  effluent 
which  IB  obtainable  at  a  minunum  expenditure  both  .n 
regard  to  a  capital  cost  and  working  expenditure.  The 
quality  of  tho  effluent  is  practically  ikm  same  m  that  ob- 
tained on  a  farm  working  under  the  besi  oonditions."  I 
may  say  that  I  have  put  forward  these  first  few  pages  in 
order  that  you  may  be  able  to  follow  exactly  the  hdstory 
of  the  question,  haying  had  the  whole  of  the  facts  before 
you. 

"The  Sutton  system  is  an  outcome  of  the  results  of 
the  early  experiments  on  the  purification  of  the  Thames 
which  were  conduoted  from  loB2  onwards  with  a  riew  to 
afsrertaining  whether  it  was  possible  to  obtain  freedom 
fn)m  nuieanoe  from  the  river  by  utilising  the  life  pro- 
cesses of  the  numerous  minute  oiganisms  abounding  m 
the  riyer.  For  thilB  purpose  the  solid  matters  in  su»- 
pemsi'.oin  in  the  eewage  were  preoipittoited  in  the  most 
economical  manner  possible,  and  the  supernatant  water 
mixed  with  various  volumes  of  river  waiter,  and  then  kept 
under  observation  daily  for  prolonged  periods.  Side  dy 
Hide  with  these  similar  samples  were  tested,  but  in 
which  the  settled  sewage  haa  been  first  treated  with 
various  subsfbances,  such  as  chloride  of  lime,  carbolic  acid, 
lime  water,  manganate  and  permanganates  of  potash  and 
soda,  sulphuric  acid,  etc.  Very  numerous  estimfitions 
were  also  made  of  the  degree  of  aeration  of  the  sewage f 
and  of  the  river  water,  not  only  off  the  outfalls,  but  nt 
numerous  points  throughout  the  length  of  the  river  below 
Teddington  Weir.  As  a  result  of  the  chemical  and  bio- 
logical information  thus  obtBined,  it  became  very  clear 
tli^  the  destruction  of  the  foul  mattem  in  sewage  was 
effected  by  living  oiganisms  actmg  in  the  presence  of  free 
oizygen,  and  in  ihe  absence  of  antiseptic  substances  such 
as  carbolic  acid,  chloride  of  lime,  etc.  Also  that  the 
growtih  and  development  of  the  livdng  organisms  was 
greatly  facilitated  by  the  anplioation  of  oxygen  in  the 
form  of  permanganate  of  sooa,  wh£ch  not  only  acted  an 
an  immediate  deodoriser,  but  rendered  the  character  of 
the  sewage  less  resistant  to  the  growth  of  the  various 
organisms.  It,  therefore,  became  evident  that  sewage 
could  be  economically  purified  by  first  removing  the  ex- 
cess of  solid  impurity  beyond  that  which  tne  organisms  in 
the  river  could  cope  witb,  end  then  discharging  the  re- 
mainder into  the  stream. 

"  The  point  at  which  it  became  evident  that  the  life  in 
tbe  river  was  overtaxed  was  indicated  by  the  degree  of 
aeration  of  the  water.  When  this  was  above  fifty  per  cent, 
cf  the  total  possible  quantity  of  oxygen  (which  may 
roughly  be  taken  at  two  cubic  inches  per  gallon),  the 
water  in  every  case  remained  sweet  and  free  from  objec- 
tionable odour.  When  this  factor  fell  below  twenty-five 
per  cent.,  then  it  was  evident  that  the  condition  of  the 
water  was  in  a  critical  state.  If  in  winter,  in  consequence 
of  the  life  action  being  comparatively  dormant,  no  great 
harm  would  result  from  the  tendency  to  putrefaction,  but 
if  this  occurred  in  summer  the  greater  rapidity  of  the  life 
processes  would  cause  the  water  to  be  overcrowded  in 
regard  to  the  quantity  of  oxygen  dissolved,  and  thus 
available  for  the  support  of  the  aerobic  organisms,  and  a 
putrefactive  action  might  soon  be  looked  for. 

"Arising  out  of  these  facts  the  practical  issue  soon 
became  apparent.  To  obtain  the  destruction  of  sewage 
matters  in  a  manner  at  once  both  economical  and  effec- 
tual, it  was  evident  that  it  must  be  submitted  to  the  action 
of  organisms  preferablv  acting  in  the  presence  of  free 
oxygrai.  It  18  true  that  the  action  of  the  putrefactiro 
organisms  acting  in  the  absence  of  free  oxygen  does,  as 
pointed  out  by  the  late  Dr.  Angus  Smith,  effect  the  de- 
struction of  organic  refuse,  and  it  is  this  process  which 
is  at  work  in  all  rivers  and  streams  in  which  sewage  turns 
black  and  stinks,  an  action  which  has  of  late  years  been 
brought  into  use  by  varioiis  investigators,  and  recognised 
as  a  '  Hydrolysis.'  In  these  cases,  however,  the  work  has 
lo  be  completed  by  destroying  the  anaerobic,  or  putrefac- 
tive organisms,  and  using  in  their  place  the  aerobic  or- 
ganisms acting  on  the  liquid  in  beds  more  or  less  similar 
in  character  to  those  initieted  at  Barkinff  Creek  (and  re- 
ferred to  later  on),  and  worked  more  or  less  on  the  same 
principle.  On  the  question  of  the  advantage  of  the  use 
of  the  aerobic  or  the  anaerobic  organisms  to  effect  the 
preliminary  breaking  down  of  the  solid  matters  of  the 
sewnge  there  is  much  debate,  but  having  regard  to  the 
witness's  experience  as  to  what  takes  place  in  the  self- 
purification  of  a  river,  and  the  fact  that  in  all  cases  where 
tbe  putrefactive  orgviisms  are  employed  their  work  has 
to  be  completed  by  the  aerobic  organisms,  he  is  of  opinion 
that  if  the  work  can  be  entirely  accomplished  by  the 
Isb^^^,  and  thus  prevent  the  formation  of  objectionable 
gaseous  products,  it  would  be  the  preferable  method. 

"These   riefWB  ihlaving  been  publicly  enunciated  in 
1887,  they  were  put  more  pariacukrly  to   the  test  in 
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America  in  connect  on  with  the  experiments  of  the  Massa-    Mr.  w.  J. 
chusetts  iMAle  Board  of  Health,  and  demonstrated  to  be      WWin, 
correct.     The  Massachusetts  State  Board  of  Health  did  '-'c^o*- 
not  commence  their  experiments  until  some  nine  months  19  Oct.  1808. 
after  a  paper  I  read  before  the  Institution  of  Civil  En- 
gineers  in  January,  1887,  and  I  have  reasons  to  believe 
that  that  document  was  in  their  hands.     At  all  events,  I 
wish  to  show  the  sequence  of  events ;  whether  it  was  by 
A  or  by  B  matters  not. 

"  In  1892  the  witness  ims  able  to  carry  the  Massachu- 
setts experiments  still  further.  In  that  year  the  London 
County  Council  authorised  the  constoruction  of  the  experi- 
mental ^ter  beds  at  the  Notthem  Outfall.  Tiie  results 
of  the  experiments  with  these  are  set  out  in  the  accom- 
panying schedule  marked  1.  This  is  a  report  which  I 
made  to  the  London  County  Council,  and  was  reprinted 
by  order  of  the  Main  Drainage  Committee  on  the  26th 
September,  1895.  The  report  is  dated  October,  1896,. 
having  been  extended  to  include  additional  expenments. 
The  work  was  continued  and  extended  over  five 
years,  and  not  only  fully  confirmed  the  work 
of  the  Massachusetts  Board,  but  carried  it  a 
stage  further  by  showing  that  settled  sewage  could 
be  effectually  purified  by  treatment  on  a  fine  coke- 
or  *  pan '  breeze  bed  at  the  rate  of  one  million  gallons  per 
acre  per  day.  Summarising  the  result  of  the  work  accom- 
plished on  the  one-acre  fine  breeze  bed  between  Septem- 
ber, 1893,  and  November,  1896,  it  appears  that  five  hun- 
dred million  gallons  of  settled  sewage  were  treated.  Since 
the  sewage,  whicb  was  passed  on  to  the  filter,  contained 
on  average  seven  grains  of  suspended  meibter  per  galloUf 
a  quantity  equal  to  2,232  tons  of  sludge,  of  ninetv  per 
cent  moisture,  had  been  entirely  removed,  the  filtrates- 
being  pradtically  free  from  suspended  matter.  Of  the 
matter  thus  removed  about  110  tons  were  omnlc  (esti- 
mated dry),  the  whole  of  which  had  been  oxidised,  whilst 
tiie  sand  amounted  to  about  forty  tons,  which*  calculated' 
at  24  cwt  per  cubic  yard,  would  cover  the  filter  to  a 
depth  of  0*267  inch  if  spread  equally  over  its  surface. 
Such  sand,  horever,  had  been  carried  into  the  body  of 
the  bed,  and  after  three  years  there  was  no  sign  of  its 
presence,  and  no  danger  of  choking  .has  arisen  f^om  this 
cause.  The  organic  mattera  in  solution  in  the  effluent 
absoibed  on  an  average  3*5  grains  per  gallon  of  oxygen 
from  permanganate  in  four  lK>ur8»  whilst  the  filtrate  ab- 
sorbed only  0*7  grain.  The  amount  of  oxidation  effected, 
measured  in  this  way,  would  require  ninety  tons  of  oxy- 
gen. The  organic  matter  in  solution  completelv  removed, 
as  determined  by  the  difference  between  the  loss  on  igni- 
tion of  the  solids  in  the  crude  se^ed  sewage,  and  the- 
filtrate  amounted  to  2S0  tons,  making  with  the  110  tons 
of  suspended  organic  matter  a  total  of  360  tons. 

"  l%ese  conclusions  pointed  mo^  clearly  and  definitely 
to  the  greater  question,  viz. :  that  if  the  oiganisms  had 
been  able  to  accomplish  so  much  work  on  the  finer  solid 
mattera  in  the  sewage,  why  should  they  not  be  equally 
potent  for  the  destruction  of  the  larger  particles  which  in 
the  aggregate  form  what  is  known  as  '  sludge '  ?  It  w&» 
evident  that  if  these  coarser  mattera  were  placed  upon 
the  fine  bed  they  would  speedily  accumulate  on  the  sur- 
face and  form  a  deposit  of  putrefying  matter.  Thf  v  must 
be  enabled  to  penetrate  into  the  mass  of  the  bed,  ani  this 
could  be  accomplished  by  making  the  bed  with  coane-  > 
particles  of  coke,  ballast,  ete.,  the  interstitial  space  be- 
tween 'w^hich  would  form  channels  through  which  the 
sewage  would  flow,  carrving  wrth  it  the  .suspended  parr 
tides.  When  the  bed  was  full  these  would  settle  on  the- 
fragment  of  coke  immediately  below  them>  or  be  at- 
tracted to  the  side  of  the  nearest  mass,  and  there  be  sub- 
jected to  tiie  action  of  the  bacteria  and  other  low  forms 
of  life,  which  woidd  in  due  course  ultimately  effect  their 
complete  destruction. 

'*  Whilst  this  could  go  on  to  a  certain  extont,  it  was 
also  evident  that,  owing  to  the  necessity  for  supplying 
the  organisms  with  fresh  oxygen  from  the  air,  the  bed 
must  be  emptied  periodically,  and  that  this  would  have 
to  be  done  before  the  whole  of  the  work  was  accom- 
plished ;  hence  the  necessity  for  the  second,  or  fine  bed, 
in  which  the  work  could  be  completed.  These  considera- 
tions led  to  the  construction  of  the  first  coarae  bacteria 
bed  at  Sutton,  where  the  witness  suggested  it  to  the 
District  Council  (of  the  predecessora  of  which  body  he 
was  a  member).  The  suggestion  was  taken  up,  and  the 
bed  brought  into  use  on  November  20tli,  1896,  and  it  has 
continued  to  give  satisfactory  results  up  to  the  present 
time.  Further  confirmatory  experience  has  since  been 
gained  by  the  results  of  extended  trials  of  the  system  at 
Leeds,  Blackburn,  Aylesbury,  and  elsewhere ;  whilst  th'^ 
general  interest  taken  in  the  question  has  reveaUa 
numerous  instances  where  the  same  methods  hive  bwn 
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JTr.  r.  J.-   alt  work,  but  in  a  haphazard  and  unAystematic  manner. 

i.?o^wQs  Indeed,  it  is  now  clear  that  the  success  of  all  sewage 
M_j  .  .  f j^jjjjjj^g  operations,  or  what  is  generally  known  as  "  land 

10  Oct.  law,  treatment,"  is  entirely  due  to  the  healthy  aerobic  work- 
ing of  microbic  life,  and  that  when  Dr. — now  Sir—Edward 
Frankland  introduced  his  system  of  downward  intermit- 
tent filtration,  the  success  of  the  method  was  due  to  bac- 
terial action.  The  following  comparison  of  results  ob- 
tained by  sewage  farms  and  Qie  Sutton  bacteria  beds  will 
show  the  work  accomplished  by  the  latter,  which  in  re- 
spect to  the  degree  of  nitrification  especially,  is  decidedly 
superior. 

"  Sixth  Report.    Rivers  Pollution  Commission,  p.  57." 
"  Average  Land  Drainage  Water  from  Sewage  Farms. 
Average  Organic  Carbon     -      0*982  pts.  per  100,( 
„  „        Nitrogen  -      01 91 

„     Nitrogen  as  nitrates,  &c.  0*756 
*'  Sutton  Effluent  from  Fine  Bed. 

Average  Organ'C  Carbon      -      1016 
„  „      Nitrogen  -      0*172 

„     Nitrogen  as  nitrates,  &c.  2*19 
"Rivers  Pollution  Commission  Standard  for  Effluents. 
Organic  Carbon  -        -        -      2000  pts.  per  100,000 
„        Nitrogen        -        -     0*300     „  „ 

"  The  effluents  obtained  at  Sutton  from  strong '  separate 
system*  sewage  were  therefore  comparable  with  those 
obtained  from  average  sewage  farms,  and  contained  only 
about  one-half  the  quantity  of  organic  carbon  and  nitrogen 
considered  ^  permissible  in  a  glood  effluient  by  the 
Rivers  Pollution  Commission. 

''This  result  5s,    indeed,   nqt  remarkable  when  the 

nature  of  the  conditions  is  considered.     With  the  view 

of  putting  the  question  as  clearly  as  possible  before  the 

Commission,  the  witness  has  prepared  four  diagrammatic 

Agpento    drawingsr— A,  B,  C,  and  D.     These  diagrams  represent 

4A,  ^*c,  D).  ^7  ^©  length  of  the  columns  the  degree  of  purmcation 

— '       effected  by  coarse  beds  charged  with,  different  materials/' 

2170.  {Professor  Bamsay.)  What  is  that  percentage  of 
removals  ? — This  {indicating  on  diagram)  represents  100, 
and  these  represent  the  percentage  removed.  Diagram  A 
shows  the  process  which  the  sewage  undergoes  in  its 
treatment  on  clay  land  with  immediate  sFub-sui^ace  drains 
In  this  case  the  solids  are  retained  on  the  surface,  and 
she  liquid  paases  almost  immediately  to  the  under  drains 
with  more  or  less  imperfect  purification. 

"  Diagram  B  shows  the  method  of  treatment  on  culti- 
Tated  soil  with  under  drains  at  about  18in.  below  the 
surface.  Here  the  effect  is  necessarily  greater  than  in 
the  first  instance,  in  consequence  of  the  greater  depth 
of  soil,  but  undoubtedly  the  water  will  find  its  way  more 
or  less  directly  by  channels  into  the  drains,  the  extent 
of  these  fissures  and  channels  determining  the  quantity  of 
Bewage  which  passes  away  imperfectly  treated. 

"Diagram  C  shows  a  similar  state  of  things  when  the 
water  is  put  on  to  a  porous  or  gravelly  soil  deeply  under- 
drained.  For  a  while  the  results  will  be  e  •'celleut,  but  in 
the  course  of  time  channels  will  be  washed  out  and 
through  these  the  effluent  escapes. 

**  Diagram  D  shows  the  arrangement  suggested  for  the 
more  perfect  treatment  of  the  sewage  by  means  of  bacterial 
treatment.  A  certain  quantity  of  the  land  is  removed, 
«nd  the  sides  ajid  bottom  of  the  'tank'  or  hollow  thus 
created  may  be  puddled  with  clay,  or  concreted  if  on  a 
very  porous  soil,  to  make  it  water-tight.  Drainage  pipes 
are  then  laid  on  the  bottom,  and  the  space  is  filled  with 
some  coarse  material  such  as  coke,  clinker,  broken  granite, 
slates,  chalk,  burnt  ballast,  etc.,  coke,  clii^ker,  or  bat- 
last  being  preferred  as  having  rougher  surfaces,  and  en- 
tangling considerable  quantities  of  air  when  the  bed  is 
refilled  after  standing  empty.  A  penstock  or  sluice  is 
fitted  on  the  outlet  drain  in  order  to  lock  the  sewage  in  the 
bed  for  a  definite  time  as  already  explained.  By  this 
means  the  sewage  is  brought  into  contact  with  each  parti- 
cle of  which  the  bed  is  composed  instead  of  being  allowed 
to  find  its  way  directly  to  the  underdrains.  When  a  suffi- 
cient time  has  elapsed  the  effluent  is  allowed  to  escape 
on  to  a  similar  bed  at  a  lower  level,  but  filled  with  fine 
materials.  Here  it  undergoes  the  second  "bacterial" 
treatment,  and  is  ultimately  discharged  in  a  sufficiently 
purified  condition. 

"A  typical  pair  of  beds  is  shown  in  diagram  E.  It  will 
*ms  be  seen  that  a  coarse  bed  treatment  of  the  crude  un- 
•.ettled  sewage  is  really  equivalent  to  broad  irrigation; 
and' that  on  the  fine  bed  to  effluent  irrigation,  but  starting 
in  this  case  with  a  better  effluent  than  is  usually  obtained 
by  means  of  chemicals,  and  thus  th^  effluent  from  broad 


irrigation  on  a  coarse  bacteria  bed  is  well  fitted  for  the 
second  treatment  by  effluent  irrigation  on  a  fine  bacteria 
bed. 

**  From  these  considerations  it  will  be  seen  that  the 
'bacterial  process,'  as  the  witness  has  termed  the 
method  which  he  worked  out  at  Barking  Creek  and 
Sutton,  is  land  treatment,  but  jconoentrated,  accelerated 
and  controlled*  and  therefore  effective  and  economical, 
whilst  '  land  treatment '  as  generally  practised  is  hap- 
hazard, uncertain,  and  expensive. 

"  The  provision  of  land  as  a  final  safeguard  may  be  met 
most  completely  by  a  third  fine  bacteria  bed  if  desired. 
In  other  words  by  an  area  of  land  properly  prepared  and 
drained,  and  so  arranged  that  all  the  effluents  from  the 
previous  beds  must  pass  through  it,  thus  securing  triple 
land  treatment,  but  on  an  area  of  land  considerably  lees 
than  that  usually  employed. 

"  The  necessity  for  screening. — ^In  the  case  of  broad  irri- 
gation either  on  ordinary  land,  or  a  specially  prepared 
plot  of  land,  called  for  convenience  a  '  bacteria  bed,' 
the  sewage  should  pass  through  a  screen  or  screens  to  re^ 
move  rags,  etc.  Tlie  quantity  of  matter  so  obtained  from 
the  Sutton  Works  is  only  twelve  barrow  loads  per  day, 
equal  to  thirty  barrow  loads  per  million  gallons  of  sewage. 
The  whole  of  these  screenings  have  for  six  years  beeii 
dug  into  a  plot  of  land  on  which  garden  produce  is  grown. 
The  work  involved  employs  one  man  about  one  hour  daily, 
and  no  nuisance  of  any  sort  is  created. 

"  The  suggestion  to  allow  all  these  screenings  to  undergo 
putrefactive  decomposition  in  a  cesspool  haying  an  over- 
flow, is  carried  into  effect  in  certain  cases  with  apparently 
successful  results.  Whether  the  screening  and  gardening, 
or  the  cesspool  method  be  the  best  to  employ  ftirther  ex- 
perience will  doubtless  demonstrate.  The  real  point  ii 
that  either  method  will  answer  the  desired  purpose,  and 
the  bacteria  bede  will  completely  do  the  rest  of  the  work. 

"  The  material  of  which  these  beds  may  be  composed  is 
almost  unlimited.  The  great  point  is  that  the  particles 
should  be  stable  and  difficult  to  break  down  by  disintegra- 
tion into  a  fine  mud.  For  i^is  reason  coke,  clinker, 
granite,  flint,  slate,  etc.,  answer  very  well,  whilst  chalk 
has  given  excellent  results.  The  original  fine  beds  at 
Barking  Creek  and  Sutton  are  composed  of  coke,  or 
'pan'  breeze,  sand,  and  burnt  clay  respectively;  and 
tlie  original  coarse  bed  at  Sutton  was  filled  with  burnt 
ballast,  and  has  been  in  constant  use  for  two  years,  the  fine 
beds  having  been  in  use  for  six  years,  and  in  each  cas^ 
they  are  in  as  good  condition  as  when  they  were  started. 

"  Diagrams  Jl  to  4  show  the  percentage  of  purification  Appendix 
effected  by  beds  filled  with  the  various  subsiiances  nien'/jfjijfi). 
tioned.  — 

"  The  witness,  in  conjunction  with  Mr.  Thudichum,  has 
recently  made  a  special  series  of  experiments  with  coke, 
coal  and  glass,  with  a  view  to  ascertaining  not  only  the 
purification  effected  by  each,  but  also  the  water  capacity 
of  the  beds,  this  being  a  matter  of  great  importance  as  de- 
termining the  area  of  bed  required  to  deal  with  a  given 
volume  of  sewage.  The  three  beds  were  similar  in  shape 
and  size,  and  the  materials  were  riddled  through  the  same 
mesh,  the  sewage  effluent  placed  on  them  being  also  the 
same  for  all  three  at  each  charging.  From  the  following 
tables  it  will  be  seen  that  the  results  obtained  from  the 
use  of  coke  breeze  were  greatly  superior  to  those  pro- 
duced by  coal  or  glass  : — 


Appendix 
No.  15  (E). 


Free  Ammonia  in 

Effluents. 

No.  of  Filling. 

Coke. 

Coal. 

GUifiS. 

4 

105 

2-65 

6 

0-88 

1-89 

2-27 

10 

1-23 

2-73 

3  06 

13                        1-57 

2-52 

2-83 

17 
21 
26 

6-30 

8-45 

7-40 

29 

33 

37 

0-76 

0-97 

1-60 

41 

0-18 

0-77 

1-23 

58 

0-63 

1-26 

1-47 

62 

1-26 

1-47 

1-89 

66 

1-34 

0-67 

1-68 

70 

0-36 

0-63 

1-43 

Mean    - 

1-41 

2-18 

2-47 

MINUTES  OF  EVIDENCE. 
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Albuminoid  Ammonia  in  Effluents. 


4 

0-060 

0095 

6 

0040 

0060 

0110 

10 

0050 

0140 

0-160 

13 

0  070 

0-200 

0-270 

17 
21 
25 
29 

0  060 

0-120 

0-130 

— 

33 
37 

0-050 

0-060 

0050 

41 

0  035 

0056 

0-056 

58 

0031 

0-042 

0-056 

62 

0060 

0-070 

0-080 

66 

0-050 

0-060 

0-060 

70 

0-040 

0-040 

0-060 

Mean    - 

0-050 

0-086 

0103 

Oxygen  absorbed  in  4  Hours  in  Effluents. 


4 

0-890 

1-300 

1-780 

6 

0-650 

0-950 

1-360 

10 

0-710 

1-290 

1-470 

13 

0-820 

1-640 

2-020 

17 

0-540 

0-980 

1030 

21 

0-540 

1050 

0-820 

25 

0-710 

1-090 

0-790 

29 

0-600 

0-820 

0-660 

33 

0-680 

1130 

1-050 

37 

0-440 

0-760 

0-600 

41 

„— 

,._ 

58 

0-560 

0-760 

0-910 

62 

0.810 

1-130 

1-240 

66 

0-700 

0-920 

0-750 

70 

0-65C 

0-970 

0-760 

Mean    - 

0-660 

1060 

1-090 

Figures  represent  grains  per  gallon. 


Taking  the  impurity  in  the  coke  breeze  effluent  as  unitji 
the  following  ratios  are  arrived  at : — 

Coke. 

Coal. 

Glass. 

Free  Ammonia     - 
Albuminoid    Am- 
monia. 
Oxygen  absorbed  - 

1-00 
1-00 

1-00 

1-55 
1-72 

1-60 

1-75 
2-06 

1-65 

In  this  series  the  euperiority  of  the  coke  breeze  ia 
plainly  demonstrated,  eveiy  possible  care  having  been 
taken  to  ensure  exactly  similar  conditions  for  all  three 
bedic. 

The  experiments  regarding  water  capacity  also  placed 
coke  first,  the  positions  of  glass  and  coal  however  being 
reversed  from  those  shown  in  the  table  of  quality.  After 
many  measurements,  extending  over  72  fillings  of  each 
bed,  the  wat^r  capacities  were  found  to  be  as  followB : — 

Coke  -  40'4  per  cent,  of  normal  cubic  contents. 
Glass  -  390 
Coal  -  29-9 

''  In.  these  experiments,  therefore,  tibe  coke  did  not  only 
produce  a  better  result,  but  with  the  same  total  volume  of 
bed  purified  more  sewage  as  follows  :  — 

Sewage  purified  by  Coke  being  taken  at  100 ; 
then      „        „  Glass  equals        „       96*4 ; 

and       „        „  Coal        „  „       74*1. 

''Put  into  other  words,  four  acres  of  coal  filter  of  a 
given  depth  would  be  required  to  treat  the  sewage  which 
could  be  dealt  with  by  three  acres  of  coke  breeze  of  the 
same  depth. 

"Having  regard  to  these  various  results  it  is  evident 
that  the  question  of  efficiency  of  a  material  resolves  itself 
into  the  character  of  its  surface ;  thus  coal,  etc.,  presents 
a  minimum  surface  per  unit  area,  whilst  coke  may  be 
taken  as  affording  a  maximum  surface  for  the  same  area. 

"The  size  of  grain  which  has  been  found  to  be  most 
suitable  for  the  coarse  beds  is  that  which  will  pass,  say,  a 
four-inch  mesh  and  be  rejected  by  a  half-inch  mesh,  *.«., 
>)rdinary  coarse  coke  or  the  coarsest  burnt  ballaet.  For 
the  fine  beds  that  which  has  passed  a  half -inch  mesh,  off 
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better  still,  a  three-eighth  inch  mesh,  and  been  rejected 
by'  a  one-sixteenth  inch  mesh  to  remove  dust,  which  would 
otherwise  prevent  the  proper  aeration  of  the  bed  in  con- 
sequence of  its  holding  the  water  by  capillary  attraction. 

"  If  a  tliird  bed  had  to  be  provided  this  would  doubtless 
be  best  formed  in  tlie  manner  found  to  be  most  efficacious 
by^  the  water  companies,  as  there  would  be  no  solids  in  sus- 
pension to  deal  with,  and  the  oxygen  dissolved  in  the 
water  would  probably  in  most  ordinary  oases  suffice  to 
keep  the  beds  in  order. 

*'  The  quantity  of  sewage  which  can  be  treated  on  these 
beds  was  ascertained  in  the  first  instance  at  Barking 
Oreek,  where  the  one-acre  fine  bed  treated  chemical  efflu- 
ent at  the  rate  of  one  million  gallons  of  sewage  per  day, 
the  bed  being  three  feet  deep.  At  Sutton  the  coarse  bed, 
having  originally  a  similar  depth,  treated  screened  sewage 
without  chemi(»l  treatment  at  the  same  rote,  but  pro- 
longed experience  points  to  a  working  rate,  including  all 
rest  periods  of  three  quarters  of  a  million  gallons  per  acre 
per  day.  This  was  with  strong  domestic  sewage  collected 
on  the  separate  system.  A  larger  quantity  of  weak  sewage 
could  be  treated  on  the  same  beds.  At  Leeds,  where  the 
sewage  contains  quantities  of  manufacturing  refuse,  in- 
cluding solutions  of  iron  salts  which  absorb  large  quanti- 
ties of  oxygen,  the  same  rate  was  maintained  from 
January  to  June  on  a  four  and  arhaJf  feet  bed.  viz., 
770,000  gallons  daily  per  acre,  against  773,000  gal'iOF^  at 
Sutton  on  a  3ft.  6in.  bed. 

The  following  table  of  the  number  of  times  the  Ooarte 
Bed  at  Leeds  was  filled ;  the  liquid  capacity  of  the  bed 
at  various  dates  ;  and  the  average  temperature  of  the  at* 
mosphere  and  that  of  the  bed  will  place  these  facta  m  a 
concise  form  before  the  CommiBsioners.  The  mea^ur^ 
mentt<  are  from  gaugings  taken  by  the  City  Engineer,  Mr. 
Hewson  :— 

Leeds  Coarse  Bed. 

Table  of  Capacity  (Water)  and  Temperatures. 
Bed  first  charged  Ist  October  1897. 
Original  Capacity        -        -        174,813  gallons. 
Liquid  Capacity  -  83,330        „ 


Mr.  W.  J. 

Dibdin, 

P.I.C.,  F.o.a 

19  Oct.  1866. 


Average  Tem^rature 

during  interims  of 

Measurements. 


Bed. 


1897 

2  Dec. 
16 


}t 


115 
142 


30  Dec. 

1898. 

13  Jan. 
27     „ 
18  Feb.* 

2  Mar. 
14 
26 

9  Apr. 

6  May 

14  June 
16     „ 


>» 


It 


183 

224 
265 
286 
321 
345 
380 
421 
Returned 
552 


Two  fillings  per  day. 

58,851     I    39|deg. 

Three  fillings  per  day. 
57,144 


51,160 
45,423 
55,923 
62,137 
52,318 
46,154 
42,979 


40 

44| 

44| 

46 

34 

37i 

43 

43 


deg. 


»f 


II 


»» 


»» 


If 


>» 


50ideg. 


53    deg. 


53f 

54i 

56 

53i 

55i 

56 

52 


n 


tt 


n 


tt 


M 


tt 


» 


80 


to  two  fillings  per  day. 

43,000    I  — 

Bed  rested  from  16th  June  to  25th  July  for  the  building  of 
a  culvert  alongside  in  connection  with  the  extension  of  the 
beds.     Re-started  on  25th  July  at  two  fillings  a  day. 


28  July  - 
11  Aug.  - 
25     „      . 

8  Sept.  - 


586 
614 
640 


56,000 
45,850 
42,460 
40,995 


Settled  sewage  only  then  put  on  bed  (one  hour). 


12  Sept. 
6  Oct. 


648  46,989 

696  46,890 

Sewage  settled  half-hour. 


*  285th  filling.  18th  February.  Before  cliarging  the 
bottom  temperature  was  77  deg.,au'  38)  deg.,  sewage  58  deg. 
as  put  on.  After  being  full  one  hour  64  deg.  ;  when  empty 
the  temperature  rose  to  66  deg. 

286th  filling.  Before  commencing  filling  air  stood  at 
40  deg.,  and  at  bottom  of  the  bacteria  bed  at  59  deg.  ;  when 
the  bed  was  charged  its  temperature  was  56  deg.,  imt  after 
resting,  charged  two  hours,  it  rose  to  62  dep. 
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ROYAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


Mw.  w,  J.       2171.  (Colonel  Harding.)  Have  you  the  temperature  of 

?c^wc s    ^®  ^®^  during  the  long  rest ? — No  ;  I  have  not  got  that 

'■  '  U.  '  '  here.     I  did  not  con.sider  that  so  much  of  importance,  as 

19  Oet.  1898.  it  occurred  in  June.     The  great  and  important  point  is 

to  ascertain  whether  there  was  any  marked  increase  in 

temperature  in  the  bed  during  the  winter  weather,  because 

that  points  to  the  one  important  factor  in  regard  to  the 

working  of  the  bed  during  heavy  frosts.     If  we  have  this 

l)ed  behaving  as  a  big  hot  bed  which  it  evidently  is,  then 

there  is  no  fear  when  it  is  being  filled  that  we  shall 

have  any  freezing,  and  other  experience  points  to  the 

same  thing.     I  have  not  the  figures  for  June,  but  no 

doubt  Mr.  Hewson  will  supply  them. 

2172.  (Sir  Bichard  Thome.)  Have  you  any  evidence  as 
to  actual  frost.  Those  figures  you  have  given  us  do  not 
go  down  to  32^  7 — ^I  will  refer  to  that  if  you  please. 

2173.  (Mr,  Killick.)  Many  of  the  trade  effluents  are 
warm  when  thev  are  turned  into  the  sewers? — I  under- 
e^and  that  is  so>  but  in  this  case  the  temperature  of  the 
bed  was  above  that  of  the  sewa^re,  and  when  the  latter 
was  first  put  in  it  went  down  and  then  up  again. 

2174.  In  a  wool  manufacturing  town  there  is  a  great 
deal  of  hot  water  turned  into  the  sewers  ? — Quite  so,  but 
in  the  case  of  Sutton  there  is  nothing  of  that  kind,  and  in 
the  case  of  London  there  is  very  little  in  comparison  with 
the  volume  of  sewage.  I  will  now  deal  further  with  the 
temperature  question. 

"Temperature, — The  greater  number  of  micro- 
organisms can  only  flourish  within  a  very  small  thermo- 
metric  range,  namely,  from  about  5(P  Fah.  to  100^  Fah. 
It  will  be  seen  at  once  how  important  this  factor  is,  in 
view  of  the  fact  that  artificial  warming  of  a  sewa^ 
purification  plant  is  practically  impossible,  owing  to  the 
great  expense  involved.  The  effect  of  the  seasons  upon 
the  process  going  on  in  a  bacteria  bed  or  a  septic  tank 
forms  a  most  interesting  study.  The  experiments  made 
by  the  Massachusetts  authorities  first  showed  that 
organic  matter  was  stored  in  the  fiHer  bed  in  the  winter 
months  and  destroyed  by  nitrification  as  the  atmospheric 
temperature  increased  with  the  coming  spring.  The 
witness  has  shown  elsewhere  how,  in  the  case  of  the 
septic  tank,  the  amount  of  free  ammonia  is  increased  in 
cold  weather,  owing  to  the  inability  of  the  organisms  to 
carry  the  process  further  ;  whilst,  in  summer,  in  spite  of 
the  destruction  of  the  suspended  organic  impurities,  the 
free  ammonia  is  reduced  in  quantity. 

"  The  problem  of  keeping  the  temperature  of  the  beds 
well  above  the  freezing   point  is  partly  solved  by  the 
sewage  itself  being,    in    the  winter   time,  considerably 
warmer  than  the  external  air.     The  action  taking  place  in 
the  body  of  the  bacteria  bed  will  also  tend  in  tne  right 
direction.     This  is  well  illustrated  in  the  foregoing  table 
of  the  Leeds  results,  wherein  it  is  shown  that  during  the 
winter  months  the  temperature  of  the  bed  was  about  ten 
degrees  higher  than  that  of  the  atmosphere,  whilst  on 
FelM-uary  18th,   just  before  the  bed  was  charged,  the 
temperature  was  as  high  as  77°,  the  atmosphere  being 
only  38i^.     The  temperature  of  the  sewage  put  on  was 
68°,  and  after  standing  in  the  bed  for  one  hour  it  rose  to 
64°.     A  further  point,  so  far  as  the  Sutton  system  is 
concerned,  is  the  short  time  during  which  the  sewage 
must  be  submitted  to  bacterial  influences  ;  since  the  whole 
process  occupies  only  a  few  hours  in  each  bed,  there  is 
no  time  for  such  a  bulk  of  sewage  to  cool  down  appre- 
ciably.    Effluent  from  the  septic  tank  at  Exeter,  enter- 
ing the  baoteiia  beds  at  a  temperature  of  473°  Fah.  on 
an  average,  escaped  at  48°  Fah.  ;  this  was  in  the  early 
part  of  April,  1897,  the  weather  being  very  cold  with 
frequent  snowstorms.       Judging    from    the    experience 
gained  in  tlie  Massachusetts  trials  and  at  Barking,  Sut- 
ton, and  Exeter,  it  does  not  appear  that  there  is  danger 
of  the  temperature  of  bacteria  beds  in  this  country  falling 
to  a  point  sntiiciently  low  to  destroy  the  vitality  of  the 
organisms.     Thus  in  the  case  of  Massachusetts,  although 
there  was  ice  over  the  surface  of  the  filters  during  a  con- 
siderable period,  yet  a  good  effluent  was  constantly  pro- 
duced ;  the  nhief  effect  observed  was  the  non-production 
of  nitric  acid,  which,   however,  was  again  formed  when 
the  warm  wc.it her    returned,   the    nitrogenous    mattere 
having  remained  in  great  part  stored  in  the  filter.     At 
Barking,   during   the    severe   frost    of   February,  1895, 
similar  results  were  obtained,  the  filter  continuing  its 
work,  although  for  six  weeks  it  was  covered  with  a  sheet 
of  ice,  and  the  same  result  was  experienced  at  Sutt»n, 
where  the  fine  beds  have  been  at  work  since  1892. 

2175.  (Sir  Bichard  Thome,)  Could  you  put  in  iStie  tem- 
peratures ;  tho  mere  tenn  "severe  frost"  carries  nothing 
to  our  minds  ? — If  you  please  I  will  refer  to  the  reoord  of 
temperature^*  of  the  Registrar-GeneraL 


2176.  It  would  be  convenient  if  we  could  get  them  in* 
at  tliat  point ;  "snowstorm"  means  nothing? — The  Lon- 
don County  Coimcil  will  probably  allow  me  to  supply  the  - 
figures.  We  will  put  them  in.  The  Commission  will 
remember  that  that  year  was  the  most  severe  winter  of 
the  century,  I  think.  In  this  connection  it  may  be  well 
to  point  out  a  danger  that  may  arise  from  too  careful 
distri'bution  of  the  sewage  over  the  surface  of  a  bed  ;  in 
such  a  case  the  incoming  sewage  itself  may  be  frozen,  and 
fail  to  penetrate  the  bed  at  all,  as  was  actually  the  case 
with  an  experimental  filter  on  another  plan  at  Sutton, 
even  during  the  extremely  mild  winter  of  1897-8. 

The  question  necessarily  arises  as  to  the  most  suitable - 
depth  for  the  beds.  This,  in  the  witness's  experience, 
must  be  governed  by  the  local  conditions.  As  a  general 
rule  it  will  be  more  convenient  to  have  them  from  3ft. 
to  4ft.  deep,  but  as  at  Leeds  and  Sutton,  this  may  be  ex- 
ceeded, the  coarse  bed  at  Leeds  being  4^ft.  deep 
and  the  fine  bed  5ft.  deep,  whilst  at  Sutton  the  coarse 
beds  are  now  5ft.  deep,  and  the  fine  beds  nearly  3ft.  deep. 
At  Blackburn  both  beds  are  6ft.  deep.  The  witness  has 
carried  out,  in  conjunction  with  Mr.  Thudichum,  labora- 
tory experiments  in  a  specially  constructed  filter  arranged' 
so  that  samples  could  be  collected  at  every  foot  down 
to  8ft.  deep,  after  the  bed  had  been  standing  full  for  two 
hours,  with  the  following  results: — 

Oxygen  absorbed  in  Four  Hours. 


No.  of 

PUlfDg. 

1 
Foot. 

2 
Feet. 

8 
Feet. 

4 
Feet. 

6 

jroev. 

6 
Feet. 

7 
Feet. 

8 
Feet. 

82 

1-01 

101 

0-86 

0*71 

0-71 

0-56 

0*66 

0-61 

46 

0-68 

0*69 

0-62 

0*46 

0-62 

0-46 

0-46 

0-34 

62 

1*09 

0*96 

0-86 

0-74 

0*69 

0*62 

0*40 

0-84 

99 

0*89 

0-78 

0-89 

0-89 

o-ss 

0*88 

0-22 

0-22 

130 

1-28 

1-22 

116 

1-10 

1-10 

0-99 

0-82 

0-82 

146 

0*88 

0-82 

0*88 

1-00 

100 

0-88 

0-82 

0-76 

16S 

2*22 

1-79 

1*57 

1-47 

1-47 

1-81 

0-98 

0-87 

192 

1*89 

1-70 

1-64 

1-88 

1-22 

0*96 

0-74 

0-74 

228 

S-48 

8-06 

2-57 

2-19 

1-98 

1*71 

1-44 

0-86 

Nitrogen  as  Nitrites  anp  Nitrates. 


No.  of 
FUling. 

1 
Foot. 

2 
Feet. 

8 

Feet. 

4 
Feet. 

5 
Feet. 

6 

Feet. 

7 
Feet. 

8 
Feet 

1 
88 

0-00 

000 

0-00 

T. 

X. 

0-08 

0-10 

0-80 

46        1 

0-00 

0-00 

0-00 

T. 

T. 

012 

0-14 

0-22 

62 

000 

000 

0-00 

0-00 

0-00  ■ 

T. 

T. 

H.T. 

99 

0*00 

0-00 

0-00 

8.T. 

T. 

T. 

H.T. 

T. 

130 

0-00 

000 

0.00 

009 

0-23 

0-31 

0*46 

0-64 

146 

0-02 

003 

0-06 

0-82 

0-21 

0-25 

0-85 

0-26 

168 

0-24 

0-08 

T. 

003 

Oil 

0-34 

2-00 

2-94 

192 

0-00 

0-00 

000 

000 

0-00 

0-12 

1-02 

1-70 

228 

:  0-00 

1 

000 

000 

0-00 

T. 

T. 

0*13 

i-2a 

Figures  are  graioB  per  gallon. 
Abbreviations  -—T.— Trace.    H.T.— Heavy  Trace.    S.T.— Slight  Trace. 

"The  general  result  is  to  show  a  better  result  in  the 
lower  depths  than  in  the  upper  depths."  To  my  surprise 
I  found  the  indications  to  be  in  favour  of  a  greater  depth 
than  a  lees  one.  *'  In  this  special  matter  of  depth,  how- 
ever, it  is  difficult  to  produce  In  a  laboratory  conditions 
oompaiable  with  those  obtainini?  outside,  owing  to  the 
necessarily  small  diameter  of  the  bed,  and  the,  there- 
fore, abnormally  lai^e  proportion  of  side  to  body  of  filter. 
It  may  be,  therefore,  that  the  experiment,  if  repeated  on 
working  lines,  would  yield  a  very  different  result.  The 
above  table  is  put  forward  to  show  what  was  obtained, 
but  must  not  at  present  be  taken  as  expressing  any 
definite  views  on  the  matter. 

"  Light, — ^The  following  series  of  experiments  will  prore 
interesting,  as  showing  that  the  organisms  chiefly  con- 
cerned in  the  aerobic  purification  or  sewage  seem  to  bo 
unaffected  by  conditions  of  light  or  darkness. 

"Two  vessels  were  taken,  of  similar  shape  and  size, 
and  filed  with  broken  glass  as  a  bed  material ;  the  one 
was  left  bare  and  fully  exposed  to  the  light,  whilst  the 
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•other  was  corertd  all  over  wiik  black  ligh'tHproof  paper 
%nd  fitted  with  a  cap  of  similar  materiaL  ITheee,  on  oeing 
used  as  bacteria  beds,  all  the  condiftiioiis,  except  the  ez- 
cluaion  ol  light,  being  precisely  the  same)  yielded  the 
following  results :  — 


Nnmber 

of 
FUliDff. 


25 
29 
SS 
87 
41 
5S 
02 
«6 
70 

ATerage 


Light. 


Dark. 


AmraonU. 

Oxyiren 
absorbed 

in 
4  hours. 

Ammonia. 

Oxygen 
absorbed 

Free.  | 

Albuminoid. 

Fi-ee. 

Albuminoid. 

in 
4  hours. 

1 

- 

0-82 

- 

0-78 

- 

- 

0-71 

- 

- 

0-60 

- 

- 

103 

- 

- 

1-08 

1-64 

006 

0-65 

1-47 

005 

0-56 

1-23 

0-066 

- 

1-23 

0*056 

- 

1-47 

006'i 

0-91 

1-47 

0-056 

0-91 

1-68 

007 

1-24 

1-89 

)         0-06 

1*24 

1-68 

007 

0-76 

1-68 

0-06 

0-75 

1-47 

0-06 

0-76 

1-39 

1         006 

1 

0-76 

j    1-58 

1 

0-0G2 

0-86 

1-62 

1 

j         0-OC 

! 

0*83 

1 

It  will  be  seen  that  equally  good  results  were  obtained 
by  either  method.  Having  regard  to  the  fact,  however, 
that  Ught  could  hardly  be  expected  to  penetrate  far  into 
the  depth  of  a  bed,  or  tank  filled  with  dark  coloured 
sewage,  the  point  does  not  appear  to  be  very  material. 

Beaction. — ^The  most  favourable  condition  oi  the  sewage 
for  bacterial  activity  is  that  of  very  slight  alkalinity,  a 
condition  which  occurs  naturally  in  ordinary  domestic 
sewage-  Occasional  variationa,  even  though  relatively 
large,  appear  to  exert  but  little  prejudicial  influence,  but 
a  continuance  of  excess  of  either  acid  or  alkali  will  put  a 
iMicteria  bed  out  of  action  for  a  time.  Sewage  containing 
the  highly  acid  liquor  obtained  from  the  preliminary  treat- 
ment of  iron  for  galvanising,  will  yield  to  a  very  coo- 
r  siderable  extent  to  bacterial  influences  ;  but  if  its  use  be 


contiiiucus,  the  purification  effected  becomes  gradually    Mr.  W.  J, 
less,  and  the  bed  requires  a  prolonged  period  of  rest.  ,/J*^g^ 
Very  alkaline  effluents,  such  as  those  produced  by  the    '  *  I1_I  * 
use  of  lime  in  excessive  quantities,  are  very  liable  to  19  Dot,  ues. 
putrefy,    instead    of    becoming    purified   by    oxidising 
organisms. 

"  The  oxidation  of  iron  is,  of  course,  effected  by  direct 
combination  with  the  oxygen  of  the  atmosphere,  the  bac- 
teria playing  but  a  small  pail,  if  any,  iii  tliis  process. 

''In  the  case  of  the  dilution  of  either  acid  or  alkaline 
ciewage  a  considerable  number  of  re-actions  are  brought 
into  play,  with  the  result  of  more  or  less  neutralising  the 
deleterious  action  of  the  original  crude  liquor,  and  thus 
rendering  it  more  susc^ible  to  bacterial  influences. 

"Time  of  Contact, — ^This  point  constitutes  the  main 
difference  between  the  system  now  known  ae  the  'Sut- 
ton '  and  the  method  of  intermittent  downward  filtration. 
It  was  found  necessary  for  the  sewage  to  be  subjected  to 
ihe  action  of  microbes  under  proper  cunditions  for  a 
■certain  period  of  time  ;  if  this  were  not  allowed,  the  puri- 
Scation  was  incomplete  ;  when  it  was  greatly  exceeded, 
the  aeration,  and  consequent  re<*uperation,  of  the  bed  wa« 
affected  disadvantageously.  For  this  reason  the  bacteria 
beds  are  locked,  and  the  sewage  kept  in  them  for  a 
period  of  about  two  hours  ;  the  effluent  being  then 
allowed  to  escape,  the  undestroyed  port  .on  of  the  organic 
matter  held  in  the  empty  bed  is  rigorously  attacked  by 
the  organisms  under  the  most  favourable  circumstances  of 
combined  dampness  and  air  supply,  and  the  bed  is  thus 
prepared  for  a  further  charge.  The  necessity  for  the 
locking  has  been  proved  by  numerous  experiment*,  from 
which  also  the  most  suitable  average  time  limit  has  been 
arrived  at. 

''The  work  done  during  the  empty  period  can  be  well 
demonstrated  by  taking  samples  of  the  drainings  at  in- 
tervals and  estimating  the  amount  of  oxygen  absorbed 
from  permanganate  and  the  quantity  of  nitric  acid  preaeot. 
It  will  be  found  that  the  former  factor  steadily  dixniniahea 
whilst  the  latter  increases.  For  example,  the  various 
beds  at  Sutton  gave  these  restdta,  taking  it  from  the  time, 
2.20  p.m.,  when  the  valve  was  first  opened,  to  3.22 
p.m.,  the  time  of  the  last  runnings  from  the  filter."  I 
have  them  at  2.20,  2.30,  2.40,  2.50,  3.0,  3.10,  and  3.22 
p.m. 


TABLE  OF  RESULTS  OF  ANALYSES  OF  SAMPLES  OF  EFFLUEJTTS  FROM  No.  1  COKE  BREEZE  FILTER  AT 

SUTTON,  SURREY. 


(Qnantitles  stated  In  Grains  per  Gallon.) 


Date  of 
OoUectlon. 


• 

i 

i 

• 

# 

i 

1 

1 

1 

Ammonia. 


Get.  15, 1898. 

2.20  p.m.  (when 
the  valve  was 
flrat  opened). 

2.80  p.m.  • 

2.40    „      .        . 
t.50    „      - 

».0      „      -       - 

8.10    „      - 

S.22  „  (iBMt 
r nnn  ings 
from  filter). 


o 

a 

I 


Oxygen 

abeorbed 

from 

Permanganate 

atSO^F. 


i 


CI.  &  B. 

Nil. 

V.F.Alk 

6-3 

1-80 

012 

» 

n 

II 

6*2 

1-61 

0-17 

■«» 

» 

II 

6*4 

l-«0 

007 

» 

II 

II 

6-4 

1-47 

0-06 

II 

ff 

II 

6-3 

1-66 

0-00 

» 

n 

fi 

6-4 

134 

0-Oi 

11 

fi 

It 

64 

1-47 

0-06 

000 

0-06 
006 
0-00 
000 
000 
0*00 


8i 


0*87 

0-70 
0*64 
0*64 
0*64 
0-62 
0*64 


Nitrogen 


C 


Snspcuded 
Mattcn. 


i 

1 

1 

% 

1  5 

0*028 

0*688 

0*0 

Sit.  Tr. 

1*046 

00 

II 

0*882 

0*0^ 

0000 

0*960 

00 

0000 

1046 

0*0 

0*000 

1*862 

0*0 

0*000 

0*921 

0*0 

«> 

3 
I 

> 


0-0 

00 
0*0 
00 
0*0 
0-0 
0*0 


"  That  table  shows  us  that  aa  soon  as  the  valve  was 
>  opened  we  have  a  larger  quantity  of  organic  matter  in  the 
fiorst  rush  of  the  bed  than  we  have  later  on.  That  is  a 
well-known  fact,  and  in  all  instances  of  the  action  ot 
filters  the  water  which  drains  away  at  laet  is  always  the 
beat,  but  as  long  aa  we  get  even  the  first  flow  to  be  of  such 
a  character  that  it  affords  no  after  putrefaction  it  is  a 
question  whether  we  have  not  effected  all  that  is  neces- 
sary. Then  I  have  a  further  series  of  results  of  the  sam- 
ples from  the  Exeter  Beds  at  Belleisle.  There  the  re* 
-.suits  are  as  follows  : — 

1213. 


Five  minutes  after  opening  valve. 
Albuminoid         .        .        . 
Oxygen  absorbed  in  4  hours 
Nitrogen  as  Nitrites    - 
Nitrogen  as  Nitrates   - 

One  hour  after  practically  empty. 
Albuminoid  ammonia  - 
Oxygen  absorbed  in  4  hours 
Nitrogen  as  Nitrites    - 
Nitrogen  as  Nitrates 


0-100 
0*:280 
0-224 
0-290 


0-070 
0-112 
0-326 
0-4.09 
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ROYAL  COMMISSION  ON   SEWAGE   DISPOSAL: 


Mr.  w  J,       The  falling  of  the  oxygen  absorbed  figure  is  well  ahown 
DiMin,     in  the  following  table  : — 

19  Oct.   898.  03CYGEN  ABSORBED  PROM  PERMANGANATE  IN  FOUR  HOURS 

BY    SAMPLES    TAKEN     AT    VARIOUS    PERIODS    DURING 
FILTER  DISCHARGE,  AT  BELLEISLE,  EXETER. 


Minutes  after 

14th  October, 
1897. 

16th  October, 
1897. 

Discharge. 

Filter  No. 

2. 

Filter  No.  1. 

2 

0-400 

0-372 

6 

0-395 

— 

15 

0-360 

0-305 

25 

0-251 

30 

0-214 

35 

0-214 

45 

0-210 

0-203 

55 

0157 

60 

0136 

65 

0-140 

— 

75 

0-134 

0125 

85 

0-130 

90 

0-210 

96 

0130 

105 

0-126 

0-125 

115 

0-120 

— 

126 

0-120 

Figures  represent  grains  per  gallon. 

"Those  tables  show  the  same  thing  between  the  first 
disdi&^e  and  the  last  that  we  had  in  the  case  of  the  beds 
at  Sutton,  and  it  points  to  more  care  being  required  to 
empty  the  beds,  not  to  allow  the  first  portion  to  rush  out 
too  rapidly."  But  still  it  does  appear  to  me  that  the  quea- 
tiom  of  the  bad  effluent,  aa  we  may  call  it,  altiiough  it  ia 
not  really  bad  in  itaelf ,  but  only  comparatively  so,  may 
be  met  by  allowing  all  the  effluents  from  all  the  beds  to 
mix  together  on  the  aurface  of  one  oommon  bed,  and 
theife  pass  through  that,  because  the  larger  portion  of  this 
matter  which  comes  through  the  bed  is  living  organic  mat- 
ter, and  when  you  include  in  your  analyses  the  whole  of 
the  oiganic  carbon,  nitrogen,  and  so  on  of  the  living 
organisms,  it  seems  to  me  it  is  hardly  a  fair  way  of  deter- 
mining the  quantity  of  putrefactive  sewage  matter  in  the 
effluent  from  the  sewage.  It  is  not  right  to  include  living 
organisms  and  to  call  them  sewage,  because  living  organ- 
isms turned  into  a  river  must  necessarily  have  a  very 
different  effect  to  that  produced  by  turning  in  a  putre- 
fying organic  matter.  Therefore,  it  does  seem  to  me 
that  it  would  be  a  better  way  if  it  were  desirable  to 
separate  these  organisms,  to  let  the  whole  of  the  effluents 
mix  together,  and  then  to  soak  through  what  I  call  a  '  sand 
strainer'  rather  than  a  'sand  filter,'  and  by  that  means 
you  would  have  one  average  of  the  whole  of  your  effluents 
for  the  day. 

"  Storm  Water, — ^It  is  one  of  the  essential  features  of 
the  bacterial  bed  system  that  when  the  normal  sewage 
is  laigely  diluted  with  rain  water  the  beds  may  be  worked 
at  a  hx  greater  rate,  as  the  work  thrown  upon  them  de- 
pends upon  the  quantity  of  true  sewage  matter,  and  not 
on  the  mere  volume  of  water  with  whidi  it  is  mixed. 
Thus,  if  the  sewage  is  one-half  of  t^e  normal  strength 
the  beds  will  deal  with  double  tiie  usual  quantity.  At 
Sutton  the  beds  have  frequently  been  filled  six  or  seven 
times  a  day  during  wet  weather. 

"It  is  also  important  to  point  out  that  the  beds  may  be 
considerably  overworked  for  limited  periodis,  if  required, 
without  their  suffering  permanent  injury,  as  by  resting 
they  will  speedily  recover  their  original  working  capacity. 
They  are  in  fact  digesters.  They  work  best  when  regu- 
larly fed,  but  are  capable  of  reasonable  variation.  They 
r*?tfi  do  more  work  in  the  summer  than  in  the  winter,  as 
Trieserial  life  is  then  more  active,  but  as  already  shown 
even  in  the  winter  the  process  continues. 

"  Trade  "Refuse. — An  advantage  of  the  bacteria  system 
ia  that  refuse  liquids  from  manufactories,  etc.,  can  be  dealt 
with  without  nuisance  or  ^eat  expense.  Of  course  the 
provision  of  two  simple  beds  with  or  without  a  pre- 
liminary settlement  may  not  always  be  sufficient,  and  in 
such  cases  suitable  modifications  in  the  application  of  the 
general  principles  of  the  system  must  be  made.  But 
these  modifications  will  seldom  present  much  difficulty, 
and  80  far  as  our  present  experience  goes  they  are  in- 
variably successful.  The  results  of  work  in  this  direction 
are  eml>odied  in  a  paper  submitted  to  the  Society  of 
diemieal  Industry  on  t>"*  3(>i-h  April  laet,  a  copy  of  which 
is  unbmittcd  herewith.  Schedule  2. 
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EBSUI/TS  OF  WORK  AT  SUTTON,  LEEDS,  AYLES- 
BUBY,  AND  BLACKBURN. 

"  The  analytical  data  showing  the  results  of  the  work 
accomplished  by  the  simple  bac&eha  beds  under  different 
conditions  are  set  out  in  the  tables  and  diagrams  F  1  to 
4  to  I  1  to  4  attached  hereto,  the  cables  being  mdicated 
by  the  same  corresponding  letter  and  number  as  the  dia- 
grams. 

"  The  first  set  of  these,  viz.,  F  1  to  4,  show  the  results 
of  the  worldng  of  the  beds  at  Sutton,  which  deal  with 
domestic  eewage  collected  on  the  sejuirate  system.  Set 
G  1  to  4  show  the  results  obtained  at  the  works  of  the  Cor- 
poration of  Leeds  at  Knostrop ;  the  sewage  in  this  case 
containing  large  quantities  of  manufacturing  refuse,  and 
especially  salte  of  iron.  Set  H  1  to  4  contam  the  results  of 
the  work  effected  on  a  sewage  containing  a  small  admix- 
ture of  trade  refuse,  viz.,  that  of  Aylesbury,  Set  1 1  to  4 
show  the  work  accomplished  at  Blackburn,  the  beds  in 
this  instance  being  6ft.  deep. 

"Special  experiments- have  also  been  made  on  the  very 
refractory  refuse  from  the  norchem  distilleries  with  the 
most  marked  success.  Special  precautions  had  to  be 
adopted,  as  in  some  instances  the  liquid  treated  was  one 
hundred  and  fifty  times  the  strength  of  normal  sewage. 

SUTTON. 

"On  examining  these  diagrams  and  the  accompanying 
tabkis,  on  which  they  are  Wed,  it  will  be  seen  that  at 
Sutton,  from  November,  1896,  to  August,  1898,  the  sus- 
pended maltters  were  virtually  all  removed  by  the  action 
of  the  coarse  bed  alone,  and  completely  eo  after  tiie 
effluent  had  passed  through  the  fine  bed. 

"  The  effect  of  the  double  treaitment  was  to  reduce  the 
free  ammonia  b^  91*2  per  cent.  ;  whilst  the  organic  matter 
in  sohition  as  judged  by  the  albuminoid  ammonia,  was 
reduced  by  80*2  per  cent.,  a  result  confirmed  by  the 
oxygen  a'bsorbed  in  four  hours'  test. 

"In  the  two  latter  diagrams  (F   3  to  4}  it  will  be   iroendu 
noticed  that  the  quanti*^  ot  nitrogen  as  nitrates,  ecc.,  is  /pj^^^nx 
indicated  by  a  dotted  line,  and  on  int^pection  it  will  be       — 
0een  that  thiis  factor  gave  a  clear  indication  of  the  satis- 
fadtx)ry  or  otherwise  working  of  the  beds.    In  May,  1897, 
the  original  experimental  coarse  bed  (there  are  now  four 
of  these)  wae  purposely  overworked,  with  the  view  of  as- 
certaining its  maximum  power.     The  result  was  that  the 
organic  constituents  in  the  effluent  roee  very  considerably, 
with  a  corresponding  reduction  in  the  oxidiised  nitrogen, 
thus  confirmingthe  experience  gained  in  the  month  of 
March,  1897.     Having  thus  gained  a  knowledge  of  what 
the  beds  could  not  do,  they  have  been  kept  more  sys- 
tematically at  work  since  then,  with  the  considtendy  satia> 
factory  results  indicated." 

2177.  That  rise  is  in  the  second  filter  only? — ^In  both, 
but  more  particularly  in  the  eecond.  The  next  series  I 
have  are  the  diagrams  showing  the  results  at  Leeds. 
There  is  a  similar  sequence,  but  here  the  results  are  pro- 
bablv  a  good  deal  more  uniform,  because  the  daily  samples 
would  have  made  such  an  enormous  mass  of  figures  that  I 
have  taken  the  weekly  averages  of  all  the  analyses  made. 
If  the  Commission  would  like  to  have  the  actual  daily 
results^of  the  daily  examinations,  I  shall  be  pleased  to 
put  them  in,  but  I  thought  that  for  this  purpose  the 
average  would  perhaps  be  best.  The  sewage  wae  only 
examined  for  a  limited  time,  from  October  to  December, 
and  the  results  are  indicated  here,  showing  about  40 
eraisis  per  gallon.  Here  we  have  the  same  general  re- 
duction ;  practically  the  whole  of  the  suspended  matter 
is  removed,  the  greater  part  by  the  coarse  bed,  and  prac- 
tically the  remainder  by  the  fine. 

LEEDS. 

^'  Diagrams  G  1  to  4,  indicating  the  results  obtained  at    Appendix 
Leeds,  show  the  reduction  of  the  suspended  matters  from  m  1^04). 
albout  40  grains  in  the  sewage,  to  about  2  grains  in  the       — 
effluent  from  the  fine  bed.   Of  this  quantity  the  large  por- 
tion wae  due  to  oxides  of  iron,  and  the  remainder  eonsiated 
eibnost  entirely  of  living  organisms,  such  as  minute  worms 
and  larvae,  etc. 

''The  reduction  of  the  free  ammonia  has  been  steadily 
maintained,  whilst  the  organic  matter,  as  measured  by 
the  aikbuminoid  ammonia,  has  shown  a  fairly  even  rate  of 
redtiobk>n  similar  in  degree  to  the  resulte  at  Sutton,  a 
result  confirnved,  as  in  that  case,  by  the '  oxyven  absorbed ' 
test. 

"The  quantSfcy  of  nitrogen  in  the  fonn  of  nitrates,  etc., 
is  indicated  by  the  dotted  lines,  and  again  shows  the 
similar  characteristic,  but  in  this  instance,  in  consequence 
of  the  large  quantitv  of  iron  in  the  sewaae  the  nitrates 
are  very  low,  as  might  be  anticipated.  This  is  one  of  the 
instances  in  which  any  standard  based  upon  the  nitrat* 
factor  would  be  utterlv  faHicious. 


MINUTES  OF  EVIDENCE. 
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AYLESBURY. 

Appendix      "  The  BttDio  «toiy  is  tdd  aaain  by  the  Ajleabmry  samples. 

m'^toHi)  ^^  Ajlesbuzy  (disgnmB  Si  to  4)  the  expenmeuts  ex- 

^  ^    ^'  tended  from  Januazj  to  June  in  the  present  year,  with 

almost  identical  resolts*.    The  suspended  matters  were 

remoTed;  the  free  ammonia  was  reduced  bj  68*0  per 

cent. ;  the  albuminoid  ammonia  was  reduced  bj  70*9  per 

cent ;  the  oxygen  absorbed  by  67*9  per  cent. 

2178.  (Chairman.)  I  think  we  must  ask  you  to  leave 
us  this  paper  and  these  dis^grams  ?— Yes. 

2179.  And  we  should  ask  you.  if  you  do  not  mind,  to  - 
oome  and  see  us  M^in  ;  we  should  like  to  digest  all  this  % 
— ^I  thought  probably  that  if  I  put  this— whkh  is  really  a 
Yery  long  story  if  we  go  into  details — into*  as  concise  a 
form  iM  jiossible,  it  would  suit  your  convenience,  and 
when  you  had  had  time  to  further  consider  it,  you  might 
like  to  put  quertkms  to  me. 

2180.  Y«B,  if  you  will  allow  us  ?— -Yes.  For  tiiat  reason 
I  am  noi  entering  into  minute  details  and  figures  ;  I  am 
rather  leaving  those  for  your  further  consideration  when 
you  haYe  them  before  you. 

"With  reference  to  Aylesbury,  it  will  be  noticed 
that  the  reduction  apparently  effected  by  the  fine 
bed  was  not  so  satisfactory  as  in  some  other  cases, 
and  this  fact  gave  the  witness  much  concern  until  it  was 
aecertained  that  the  pipe  used  to  send  the  effluoit  pumped 
from  the  coarse  bed  to  the  fine  was  also  emplqyeid  in  the 
interim  to  conveY  the  sludge  from  the  chemical  i>recipi- 
tation  tanks  to  the  sludge  beds,  which  were  placed  at  a 
position  further  away  frmn  the  pumping  house  than  were 
the  fine  beds  ;  and  to  eoonomne  planit  the  same  pipe  was. 
inadvertentiy  used  for  two  purposes,  with  the  result  that 
sludge  from  the  precipitation  tanks  found  its  way  into  the 
coarse  bed  efilunit,  and  thus  to  the  fine  bed.  As  soon  as 
this  defect  was  remedied,  the  normal  satisfaetory  effluents 
were  obtsaned.  The  varioltion  in  the  nitntes  clearly  indi- 
cated the  cause  of  the  trofcA>le»  and  rendered  its  detecti<m 
possiblew  This  experience  was  but  a  repetition  of  that 
which  oocurred  in  connection  with  the  original  experi' 
ments  at  the  Kori&em  Outfall,  Barking  Greek,  as  detailed 
in  the  copy  of  the  witnesses  report  to  the  Main  Dndnage 
Gommilitee  of  the  London  Oounty  Council,  and  attached 
hereto  (Schedule  L). 

l%e  instance  I  have  given  was  a  resuH  of  economy, 
but  it  is  a  very  important  thing,  because  it  does  indicate 
the  chaiwes  which  the  beds  are  liable  to,  both  in  tiie 
qtnlKy  of  effluent  and  the  comspondrng  behaviour  of  the 
nitrates,  and  it  quite  agrees  witii  what  I  had  on  a  former 
occasion.  It  does  help  t»  to  explain  anomalies  ;  we  do 
ndt  know  what  goes  on  undeiground,  and  on  the  face  of 
it  there  appesrs  to  be  a  failure,  but  where  we  have  a  olue 
we  are  able  to  indicate  the  fault,  and  in  thk  case  the  due 
is  given  here.    Then  I  have  the  results  at  Bladcbum. 

BLAOKBUKN. 

"The  experience  at  Blackburn  (diagrams  H  to  14) 
AjFjJ*  shows  the  same  sequence,  viz.,  suspended  matters  re- 
(htouy.  moved;  free  anumonia  largely  reduced;  allximinoid 
ammonia  reduced  hy  62*5  per  cent.  ;  and-  oxygen 
absorbed  reduced  by  66*0  per  cent.  Here,  again,  the 
nitrates  varied  with  the  degree  of  purification ;  but,  as 
at  Leeds,  they  were  but  small  in  quantity  as  compared 
with  those  at  Sutton  and  Aylesbury ;  and  this  may  be 
attributed  to  the  fact  ilhat  the  supoly  of  water  to  the 
city  of  Blackburn  is  very  soft  and  free  from  lime.  At 
Leeds,  ilie  same  factor  comes  into  plav,  but  is.  accen- 
tuated by  the  large  quantity  of  iron  in  the  sewage. 

218L  (Cclond  Harding,)  What  is  the  Blackburn  sew- 
■ge  ;  is  it  mere  domestic  sewage  9— There  is  very  little 


waste  water  or  manufacturing  refuse  in  it.      Ic  is  mere  j/r.  ir.  j. 
domestic   sewage,  the  waste  water   of   ordinary  maim-     DH^din, 
facturing  condensed  water,  and  that  sort  of  thing.    They  '•'•°jj[:<^»- 
have  not  what  they  call  manufactiuring  rdhise  liquor ;  they  lo  oct.  isss. 
have  some  condensed  water,  and  so  on. 

2182.  (Mr.  Killick.)  They  have  paper  works!— Yea, 
and  so  on. 

2183.  (Cohnel  EarcUna.)  Thai  ai  Aylesbury  is  dealing 
with  domestic  sewage  alsol^-Yes,  and  there  is  a  oon- 
sidenlble  quantity  of  milk  washings.  The  jiext  point, 
the  last  I.have  to^.tnKihle  you  with,  haa  to  deal  with  the 

auestion  of  cost,  which  I  was  particularly  requested  in 
lie  letter  I  received  from  your  Secretary  to  moition.  The 
initial  cost  of  the  Sutton  bacterial  system  must  neoea- 
sarily  vaiy  according  to  the  local  oooditioiiB  in  each  case. 
From  what  has  been  ststed  in  reference  to  the  comparison 
of  the  prepared  beds  with  land  treatment,  it  will  be  seen 
that  whero  there  is  any  reasonaible  fall  from  the  main 
sewer  to  the  outiei  of  the  works  the  plsnt  will  be  of  the 
simplest  character,  being  merely  hollows  in  the  natural 
soil,  drained  and  filled  wii«h  coke,  etc.,  as  already  ex< 
plamed.    At  Sutton  No.  7  bed  was'  constructed  in  this 
manner.    It  has  an  area  of  one-tenth  of  an  acre,  is  three 
feet  deep,  and  cost  less  than  £100.    Such  a  bed  fiUed  with 
coarse  material  is  capable  of  ^evting  nearly  77,300  gallons 
per  day.     If  this  item  is  doubled  for  a  corresponding  fine 
bed,  snd,  say,  20  per  cent,  added  to  allow  for  the  greater 
area  necessary  in  consequence  of  the  difference  in  water 
capacily  due  to  tiie  use  of  a  finer  grained  material,  we  have 
another  £120,  or  £220  in  sU.     If  the  beds  are  to  be  five 
feet  deep,  an  additional  £130  will  be  required  for  baUaet, 
etc.,  to  lease  them  from  three  to  five  feet,  thus  making  a 
total  of  £340,  for  a  pair  of  beds  capable  of  fully  treating 
77,300  gaUons  of  strong  'separate  system'  sewage  daily 
Tins  factor,  obtained  horn  actual  results,  equals  £4  8b. 
per  1,000  gallons  daily  for  first  cost  under  favourable  con 
d«tiona    fi  more  or  lees  expulsive  brickwork  is  neces 
sary,  concrete,  etc.,  then  the  cost  will  be  increased  pre 
portionately,  and  mey  in  some  cases  be  more  than  doubl 
that  item.     In  extreme   cases  it  may  be  even  morir 
That  is  a  point  for  the  engineer.      In  the  case  of  Nr 
8  bed   at  Sutton,    this  was   constructed   by   Mr.    C 
(Thambers   Smith,   the  Surveyor,  at  a  cost  of  4d.  per 
foot  super,  or  £726  per  acre,  which  considerably  reduces 
the  above  estimate. 

"  The  working  cost  is  necessarily  less  as  the  volame  of 
semwe  increases,  as  the  work  of  the  attendant  is  prac- 
ticalfy  limited  to  turning  on  the  valves  to  divert  the 
sewage  into  the  rewpective  beds,  and  to  clearing  the 
screens  from  time  to  time.  One  man,  with  the  assistance 
of  a  labourer,  would  be  able  to  sttend  to  a  plant  treatinp 
half  a  million  gallons  of  sewfge  per  diem.  Their  united 
wages  may  be  taken  at  £3  per  week.  This  item  will  com- 
pletely cover  all  current  wr  rklng  expenses,  as  tiiere  are 
no  royalties  to  pay,  and  works  out  at  0*206d.  per  thousand 
fgfiJkma  trested.  If  the  calculatioa  is  made  upon,  mtv^ 
2.000  000  gaUons  per  day,  the  current  expense  would  be 
not  more  than  0103d.,  as  we  need  only  double  the  labour 
to  deal  with  four  times  the  sewage. 

"In  the  case  of  the  admixture  of  trade  refuse  with  ilie 
sewage  the  area  of  the  beds  may,  in  some  cases,  be  re- 
quired to  be  proportionately  larger  and  the  working  ex- 
penses consequentiy  somewhat  increased. 

"The  fact  that  some  of  the  sewage  of  Leeds  containing 
large  quantities  of  manulsoturing  rd^se  has  been  success- 
fully treated  at  rates,  and  on  areas  equsl  to  those  em- 
ployed at  Sutton  tends  to  show  that  Uttle  increase  in  fiat 
cost  and  working  expenses  need  be  feared,  beyond  tiiat 
due  to  the  specif  local  conditions  in  regard  to  nature  of 
soil,  differences  of  level,  eto» 


SCHEDULE  1. 


LONDON  OOUNTY  COUNCIL. 


Kepobt  by  the  Chemist  on  the  Experiments  on  th(» 
Filtration  of  Sewage  Effluent  during  the  years  1892- 
5-4-5. 


(Beprinted,  "vrith  addition,  by  order  of  the  Main  Dninage 
Committee,  26th  September,  1895.) 

To  the  Main  Drainage  Committee. 

On  the  10th  of  March,  1891,  the  OommLttee  ordered  a 
leries  of  experiments  to  be  conducted  as  to  the  best  methols 
of  filtering  the  sewage  effluent  obtained  at  the  northern 
ontCiH  precipAation  work&  After  these  had  been  carried 
eat,  wMi  the  result  that  coke-ibreeze  wae  found  to  be  the 
most  snitsible  material  for  the  purpose,  the  Committee, 
00  tiie  2Mi  of  NoYember,  1892,  ordered  that  the  experi- 
nents  with  that  material  should  be  resumed  on  a  luger 
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scale,  the  scze  of  the  new  filter  beJng  onettore.  In  aooocd- 
ance  with  the  order  of  the  Committee  of  the  7th  of  March, 
1895, 1  now  submit  the  following  statement  of  the  methods 
of  procedure  and  the  results  obtained. 

Trom  the  foregoing  it  will  be  seen  that  the  experiments 

may  be  conYeniently  diYided  into  two  main  groups,  yis.  : 

(1.)  Experimei^    with    small    fiHers  and    Yarions 

filtering  materialB. 
(2.)  Experiments  with  a  1-acre  iilteri  usixig  coke 
breeze  only  as  material. 
The  latter  may  be  again  sub-diYided  into^ 

(a)  Preliminary  trials  on  YelocijlT'  of  passage,  etc. 
(h)  Experhnents  on  biological  lines. 

(c)  Experimenita  with  dooUed  means  of  filling. 

(d)  Experiments     wisn    increased    fadlities     for 
emptying. 

(e)  Experiments ,on  recuperstiYe  power. 

Q 
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ROTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


19  Oct.  ISM. 


Series  No.  L 

The  taziJcs  for  filters  used  in  the  first  series  of  experi- 
ments were  built  of  wood,  sjid  were  each  equal  in  area 
to  l-200th  nazt  of  an  acre.  They  weire  four  in  number, 
and  were  filled  with  pea  baUaet,  coke  breeze,  burnt  clay, 
and  a  proprietary  nufterial  (with  gravel  and  sand)  respec- 
tively. AH  four  were  worked  at  the  same  rates  and 
during  the  same  hoiirs.  During  the  first  six  weeks  sewage 
effluent  was  passed  through  at  the  rate  of  500  gallons  per 
square  yaid  per  day,  whilsft  from  the  maddle  d  Julv  to 
the  end  of  August  the  rate  was  reduced  to  one-hali,  or 
250  gallons  per  square  yard  in  24  hours.  The  filtraitjcm 
was  intermittentiy  continuous,  the  filters  passing  effluent 
constantly  for  8  houxs  dflilv  and  resting  during  the  re- 
maining 16  hours,  beinff  allowed  to  run  dry  at  the  end 
of  each  day's  work.  The  outlet  vslve  was  dosed  just 
sufficietitly  to  keep  the  filters  full,  tbe  effluent  being  level 
with  the  surface  of  the  filter  material. 

Filter  No.  1.  Burnt  Ballsot — The  material  for  this 
filter  was  oibtained  by  bumang  day  taken  from  the  marsh 
land  adjoining,  and  wes  placed  in  a  tank  ta  a  depth  of 
4  feet,  the  larger  pieces  beins  laid  at  the  bottom,  and  the 
remaining  united  portions  being  placed  above. 

The  whole  ouantity  of  effluent  passed  th»>ugh  amounted 
to  185,000  gallons,  in  a  total  of  2,160  hours,  of  which 
the  filter  worked  484  hours  and  rested  empty  1)676  hours. 
The  average  rate,  therefore,  inclusive  of  rest  periods, 
was  411,000  gallons  per  acre  in  24  hours.  Tihe  filtrate 
was  sampled  and  analvsed  frequently,  a  sample  of  the 
crude  effluent  being  abo  examued  lor  the  purposes  of 
comparison,  great  care  being  taken  tiiat  the  two  sets  of 
samples  corresponded,  t.e.,  that  the  filtrate  analysed  re- 
presented thp  crude  effluent. 


the  burnt  ballast  The  purification  was  also  greater,  the 
reduction  of  oxidisable  organic  matter  amounting  to  52*6 
per  cent.  Tbe  following  toble  shows  the  several  analyses 
made:-^ 


i 

1 

t 

1 

Oxygen  absorbed 
in  4  hours. 

Albuminoid 
ammonia. 

Date,  1892.    ; 

• 

1 

Crude 
effluent. 

Filtrate, 

Crude       -p-i 
effluent.      '" 

trate. 

U  June 

S'Sill 

1-897 

— 

— 

15    „     -       - 

2154 

1-615 

• 

__        1 

• 

17    „     -       - 

1-909 

1-431 

• 

— 

21    „     •       - 

2-255 

1-244 

•250 

•170 

24    „     .        - 

2-205 

-826 

•230 

110 

29    „     »       - 

•890 

•636 

•150 

150 

;7Jnly.-       -. 

1-533 

-805 

•220 

070 

•8.„     -       - 

1-330 

1 

1-260 

•200 

120 

n  ,.    -      - 

1-624 

1-120 

•260 

•140 

18  ,;    ■     - 

1-230 

•590 

-380 

•210 

16  „    •      • 

1-610 

•952 

-330 

•140 

18    „     .        - 

2-611 

1-043 

-270 

•160 

20    „     .        . 

1-260 

1-050 

-170 

120 

iS   „    •      - 

• 

2-415 

• 

1-372 

•350 

110 

no  August      '- 

2198 

•735 

-230 

•100 

15       „ 

1-351 

1 

•637 

•260 

1 

050 

22      „ 

2093 

1-008 

•210      ! 

r 

100 

Average  purification  efiected  »=  43-1  per  cent. 


The  purification  effected  by  this  filter  was  less  than 
that  attained  by  any  of  the  remainder.  The  darification 
was  also  less  tluin  in  the  case  of  the  pea  ballast  and  pro- 
prietary filters,  being  exactly  the  same  as  effected  by  the 
coke  breeze.  This  was  undoubtedly  owing  to  the  ex- 
treme looseness  and  porosity  of  the  materials.  The  ti- 
trate was  free  from  putrefactive  odour,  remainins  sweet 
for  many  months  in  either  stoppered  or  open  Dottles. 
No  worlc  of  any  kind  was  done  on  tiie  filter  after  the 
experiment  started  beyond  filling  up  a  few  holes  thas 
formed  during  the  first  week's  nvming. 

Filter  No.  2.  Pea  Ballast— This  filter,  of  precisely 
the  same  form  and  dimensions  as  the  last^  was  fified  with 
Lowestoft  shingle,  of  pea  size.  /Die  clarification  effected 
in  the  filtrate  was  75  per  cent,  more  than  in  the  case  of 


Oxygen  absorbed 

Albuminoid 

Date,  1892. 

in  4  hours. 

ammonia. 

Crude 
effluent. 

Filtrate. 

Crude 
effluent 

Filtrate. 

14  June  * 

3-311 

1-631 

15    „     -       - 

2154 

1-615 

— 

.^ 

17    „     -       - 

1-909 

1-518 

— 

21    ..     -       • 

2-255 

1011 

•250 

•260 

24    „      .        - 

2-205 

'826 

•230 

•090 

29    „     ,        - 

•890 

-509 

-150 

•130 

7  July , 

1-533 

-805 

-220 

•090 

8    „     -        - 

1*330 

-770 

-200 

-130 

11    „     •        - 

1-624 

•812 

-250 

•260 

13    „     -        . 

1-230 

•371 

-380 

•230 

15    „      .        - 

1610 

•875 

•330 

-140 

18    „      -        - 

2611 

-448 

-270 

-090 

20    „      •        - 

1-260 

•770 

-170 

-120 

22    „      •        . 

2-415 

1^246 

•350 

130 

10  August 

2-198 

•488 

•230 

•150 

15       „ 

1-351 

•399 

•260 

•060 

22       „ 

2-093 

-868 

•210 

-120 

1                   1                   1 
Average  purification  effected  »  52*3  per  cent. 

In  the  case  of  this  filter  also  no  renovation  or  alteration 
was  needed. 

Filter  No.  3.  Coke  Breeze.— The  filter  was  filled  with 
coke  breeze  to  a  depth  of  4ft,  and  31n.  of  gravd  was 
placed  on  the  top  to  prevent  the  ooke  from  floating.  As 
far  as  clarification  is  concerned,  this  filter  rankled  just  even 
with  the  bumtt  ballast ;  but  the  purification  effected  was 
hiffher  than  in  the  case  of  any  of  the  other  materials,  the 
reduction  of  the  oxidisable  organic  matter  in  solution 
amounting  to  62*2  per  cent  No  renewal  of  the  material 
was  required,  the  only  work  done  being  the  filling  up  (if 
a  few  subsidence  holes.  The  results  of  the  various 
analyses  made  are  set  forth  in  the  following  table ;— 


• 

Oxygen  absorbed 

Albuminoid 

Date,  1892. 

in  4  hours. 

ammonia. 

•  1 

Crude 
effluent 

Filtrate. 

Crude 
effluent. 

1 

Filtrate. 

14  June  - 

3-311 

1-442 

•430 

'120 

15     „    ^ 

2154 

1346 

r 

. — 

17     „    -        - 

1-909 

1-431 

•270 

.      120 

21      „    -        - 

2-255 

-233 

•250 

•070 

24     „    -        . 

2-205 

-352 

•230 

•080 

29     „    -        . 

-890 

-381 

•150 

•100 

7  July  - 

1-533 

•539 

•220 

-040 

8     „    -        . 

1-330 

1050 

•200 

•070 

11      „     -        - 

1-624 

•609 

-250 

•110 

13     „    .        - 

1-230 

-294 

-380      J 

-160 

15     „    -        - 

1-610 

•511 

-330 

-100 

18     „    ■        - 

2-611 

•448 

•270 

•140 

20     „    -        - 

1-260 

•560 

•170 

-140 

22     „    -        - 

2415 

1183 

•350 

•110 

10  August 

2198 

•658 

•230 

•140 

15       „ 

1-351 

•322 

•260 

•040 

22       „ 

2-098 

•728 

•210 

-110 

Average  purific 

1 
ation  effected  =  62*2 1 

)er  cent 

Filter  No.  4.  Sand. — ^This  filter,  having  an  area  of  16 
square  yards»  or  l-300tih  of  an  acre,  was  filled  with  gravel, 
walnut  size  5  inches,  bean  size  2^  inches,  pea  size  1^ 
inches*  and  sand  10  inches,  taken  in  order  from  bdow 
upwards.  It  formed  part  of  the  compound  proprietary 
filter.  The  rate  at  which  effluent  was  passed  through  was 
one-half  more  per  square  yard  than  ji  the  case  of  tlie 
other  filters,  the  sand  filtration  being  a  pi:elixninary  to 
the  treatment  by  the  proprietary  article,  and  the  areas  of 
the  two  portions  beiqg  together  equal  to  one  of  the  re-, 
maining  filters,  already  described. 

The  clarification  effected  was  mucb  greater  thaa  in  the 
case  of  Nos.  1,  2  and  3,  but  the  purification,  meanurod  by 
the  reduction  in  the  amount  of  oxidisable  matter  in  solu- 
tion, was  considerably  less  than  in  the  case  of  the  eoks 
breeze,  somewhat  less  than  by  the  pea  ballast,  and  only 
very  slightly  better  than  by  burnt  clay.     On  two.  occa- 
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■iooa  the  filtrate  became  slightly  iratrid,  the  results 
thereby  differing  from  those  obtained  from  any  other 
filtering  material  employed.  Doubtless  this  tendency  to 
become  putrid  was  to  a  great  «ctent  due  to  the  deficient 
ai^ration  of  the  interior  of  the  filter,  in  consequence  of 
the  capillary  attraction  of  the  finer  pazCides  of  sand  hold- 
ing the  water,  and  thus  chpldng  the  pores  when  the  filter 
was  emptied.  This  filter  had  to  be  repeated^'  raked  and 
eleared.  whilst  2^  inches  of  sand  were  removed  and  re- 
placed by  new  on  the  Uth  of  July. 

The  following  are  the  results  of  the  analyses  made :— 


Oxygen  Absorbed 

Albuminoid 

in  4  hours. 

Ammonia. 

Datel892L 

' .  Crude 
Effluent. 

Filtrate. 

Crude 
Effluent 

Filtrate. 

21  June  • 

2*255 

1-555 

-250 

•200 

24      „    -        • 

2-205 

•735 

•230 

•050 

29      „    -        - 

•890 

•750 

•160 

•100 

7  July  • 

1-533 

1267 

•220 

•080 

»     »    -        - 

1-330 

1-050 

•200 

— 

11     M     •        - 

i-eai 

1-218 

•250 

•190 

13     „     -        • 

1-230 

1106 

•380 

•240 

15     „     - 

1161 

•875 

•330 

•110 

18     ,.     -        • 

2-611 

•378 

-270 

•150 

20     „     .        - 

1-260 

-700 

•170 

•080 

22     „     -        - 

2-415 

1-442 

-350 

•150 

10  AugUBt 

2-198 

•980 

-230 

•110 

15       „ 

1-361 

-798 

•260 

•140 

22       „ 

2-093 

1155 

•210 

•120 

Average  purification  effected =46 '6  pei 

'cent. 

No.  5.  Proprietary  Filter. — This  filter  contained  an  area 
of  8  square  yards,  and  was  filled  with  3  inches  of  gravel 
walnut  size,  2  inches  gravel  bean  size,  Ij^  inches  gravel 
pea  size,  1  in.  sand,  and  12  inches  of  the  proprietary  mate- 
rial ;  taken  in  order  from  below  upwards. 

The  effluent  which  it  received  >had  already  passed 
through  filter  No.  4  (sand),  and  had  thus  been  greatly 
clarified,  whilst  the  dissolved  impurity  had  been  removed 
.  to  the  extent  of  46*6  per  cent.  The  rate  of  filtration  was 
three  times  that  of  the  other  filters,  so  as  to  bring  up  the 
rate  of  the  combined  filter  to  an  equality  withthe  rest. 
The  filter  was  supplied  with  perforated  pipes,  leading  to 
the  surface,  for  aeration.  in  general  appearance  the 
ffltrate  from  this  compound  filter  was  slightiy  superior  to 
all  the  others,  the  clarification  effected  being  a  lime  more 
than  in  the  case  of  the  sand  forming  the  first  portion. 
The  purification  effected  by  this  process  of  doubk  filtra- 
tion amounted  to  61*6  per  cent,  a  figure  practicidly  the 
same  as  was  obtained  by  the  use  of  coke  oreeze.  None 
of  the  filtrates  showed  any  signs  of  putrescence  when  kept 
for  lengthened  periods  in  either  open  or  closed  bottles. 

This  compound  filter  was  erected  by  the  proprietors  of 
the  special  filtering  material,  and  worked  in  accordance 
with  their  wishes.  It  will  be  observed  that  sand  and 
ffravel  played  a  verv  lane  part  in  the  process.  The  fol- 
lowing are  the  results  of  the  analyses  made : — 


Oxyj^n  Absorbed 

Albuminoid 

Date  1892. 

m  4  houra. 

Ammonia. 

Crude 
Effluent. 

Filtrate. 

Crude 
Effluent 

Filtrate. 

14  June • 

3-311 

•679 

•430 

•170 

15     „    . 

2-154 

•808 

•270 

-220 

17     „    -        - 

1-909 

955 

•270 

•160 

21     „    .        - 

2-255 

•700 

•250 

-150 

24     „    .        . 

2-205 

1-841 

•230 

-090 

29     „     .         . 

-890 

•953 

•150 

-090 

7  July  - 

1-533 

•539 

•220 

•110 

8    „     -        - 

1-330 

•910 

— 

11    ..     • 

1-624 

•609 

•250 

-090 

13    „     - 

1-230 

•231 

•380 

•090 

15    „      - 

1-610 

•371 

•330 

-100 

18    „      . 

2-611 

•749 

•270 

•110 

20    „     -        - 

1-280 

•350 

•170 

•070 

22    „     .        - 

2-415 

1^246 

•350 

•050 

10  August 

2198 

•406 

•230 

•040 

15       „ 

1-351 

•322 

•260 

•100 

22       „ 

2-093 

•581 

•210 

•060 

Average  purifi 

cation  effected    -    61  •( 

3  per  cent. 
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StnCMABT  or  EZPKEDCBNTB  WITH  SHAIX  FZLTSBS  AVD 

Yabioub  FiLTBBiNa  Matbbials. 

The  averaflte  rate  of  working,  including  rest  periods,  was 
411,000  gallons  per  acre  in  24  hours.  The  meclumical 
cleansing,  or  clanfication,  is  shown  as  follows,  the  figures 
representing  units  of  depth  required  to  obscure  a  standard 
mark: — 

Burnt  ballast i 

Coke  breeze        -----.  i 

Pea  ballast i| 

Sand  (Ist  portion  of  compound  filter)         -  2^ 

Proprietary  article  (2nd  portion  of  compound 
filter  after  sand) 2} 

The  following  table  shows  the  extent  of  the  purification 
effected,  as  indicated  by  the  reduction  in  oxidkM>le  ororanic 
.matter  in  solution : — 

Burnt  ballast    -        ^        ,       *       -  43*3  per  cent. 

Sand  (Ist  portion  of  compound  filter)  46*6        „ 

Pea  ballast 52*3        „ 

Proprietaryarticle  and  sand  combined  61*6       „ 

Coke  breeze 62*2        „ 

From  the  results  obtained  it  appeared  that  a  consider- 
able amount  of  purification  could  De  effected  by  any  filter- 
ing material,  the  desiderata  evidently  being  porosity  and 
consequent  power  of  re-absorbing  atmospheric  oxygen. 
For  foul  waters  sand  proved  too  fine ;  whilst  the  burnt 
ballast  used  was  too  coarse.  Coke  breeze  seemed  to  unite 
the  necessary  qualifications,  and  as  it  is  also  a  cheap  roate- 
rial  it  was  selected  for  the  further  trials  on  a  large  scale. 
There  can  be  little  doubt^  however,  that  the  qu^ion  of 
cost  of  material  should  be  allowed  to  decide  what  ahoulcl 
be  used  for  a  filter  in  any  given  place,  since  burnt  ballast 
or  gravel  may  be  made  much  more  efficient  by  using  a 
greater  depth  of  more  finely  granulated  material  combined 
with  a  slower  rate.  The  proprietary  filter  excelled  the 
coke  breeze  only  in  appearance,  the  actual  purification 
not  being  quite  so  much,  while  the  cost  is  prohibitory. 

In  ^  the  course  of  the  above  experiments,  numerous 
gelatin  plate  cultivations  were  made,  to  ascertain  the 
effect  of  filtration  upon  the  number  of  micro-orffanisms 
present.  The  number  in  the  tank  effluent  before  mtration 
and  in  the  filtrates  was  found  to  vary  very  considerably, 
those  in  the  filtrate  generally  being  present  in  larger 
numbers ;  but  it  soon  became  apparent  that  the  presence 
oi  comparatively  few  or  more  microbes  afforded  no  indica- 
tion of  the  degree  of  purification  effected,  the  main  point 
being  that  the  presence  of  a  large  number  of  organisms 
was  evidence  of  the  activity  of  the  process  of  splitting  up 
the  organic  compounds  in  the  sewage  matters  passing 
through  the  filters.  A  considerable  reduction  of 
organisms  might  have  been  effected  by  the  use  of  a  finer 
grained  material  and  slower  filtration,  but  the  object  held 
in  view  during  the  experiments  was  the  attainment  of  the 
highest  degree  of  speed  consistent  with  such  purification 
as  would  remove  all  objectionable  characterS|  such  as 
odour,  colour,  and  liability  to  putrefaction. 

SUBIBS  No.  2. 

In  the  second  series  of  experiments  a  filter  was  con- 
structed covering  exactly  one  acre  of  land.  The  ground 
was  levelled  and  embanked  where  necessary,  and  per- 
forated drains  laid,  meeting  in  a  common  trunk  for  dis- 
charge. The  filtering  material  consisted  of  3  feet  of  coke 
breeze,  covered  with  3  inches  of  gravel. 

(a)  In  the  first  part  of  the  series  under  notice  the 
special  object  of  the  experiments  was  rather  the  ascer- 
taining of  the  rate  at  which  it  was  possible  to  pass  effluent 
through  the  filter,  and  not  the  manner  of  producing  the 
best  results.  The  filter,  however,  speedily  became  clogged 
with  sludge,  and  after  the  sixth  week  all  the  filtrates  were 
putrid.  The  daily  quantity  that  could  be  passed  fell 
rapidly  until  at  the  end  of  twelve  weeks  the  filter  was  quite 
useless,  being  putrid  throughout.  Valuable  information 
was  thus  gained,  for  it  was  shown  that  rest  and  aeration 
were  vital,  and  also  that  in  order  to  obtain  the  beat  werk 
from  a  filter,  the  quantity  poured  on  it  must  increase  vex^ 
gradually,  so  as  to  permit  of  tho  proper  biological  condi- 
tion being  reached.  The  rate  of  working  varied  from 
close  on  one  million  to  a  quarter  of  a  million  gallons  per 
diem.  The  filling  was  during  seversl  weeks  continued 
until  the  water  stood  6  inches  above  the  surface,  when  the 
filter  was  emptied  this  portion  ran  through  without  having 
Ume  for  purification,  and  this  fact  doubtless  aided  largely 
in  reducing  the  efficiency  of  the  filter  during  this  set  of 
experiment 

Q2 
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ROYAL  COMMISSIOK  OK  SEWAGE  DISPOSAL: 


During  ihia  period  the  following  analytical  results  were  obtained : — 


ISOot. 

1896. 

Oxygen  Absorbed  in 
4  hours. 

Albuminoid 
Ammonia. 

Nitrogen  as  Nitrates. 

Purifica- 
tion 

Date  1893. 

etfected  on 

Oxygen 

absorbed. 

Per  cent. 

Effluent,     i    Filtrate. 

1 

Effluent. 

Filtrate. 

Effluent. 

Filtrate. 

28  September  to  6  October  - 

3-631 

2128 

_ 

-000 

-083 

41 

9  October  to  13  October     - 

2-884 

•509 

— 

•029 

•215 

82 

16       „       to  20       „ 

3-296 

-502 

•029 

-117 

85 

23        „       to  30       „ 

3-916 

1-447 

• 

— 

•103 

•021 

63 

30       „       to   6  November 

4-420 

1-546 

— 

•OQO 

■000 

65 

6  November  to  13      „ 

4-404 

1-285 

•394 

•110 

•283 

•203 

71 

13         „         to20      »,        ' 

4-122 

1-126 

-368 

•097 

•299 

•317 

73 

20         „         to27      „        - 

4-336 

1-203 

•403 

•091 

-304 

•241 

72 

27         »,         to   4  December 

4-832 

1-136 

-457 

•119 

-180 

•176 

77 

4  December  to   8       „ 

4-746 

1-070 

436 

•109 

•077 

-080 

77 

11         „         to  18       „ 

3-821 

•979 

•401 

•092 

D21 

•130 

76 

19         „         to23       ;.        ' 

4-877 

1-387 

•393 

•191 

■000 

■000 

71-6 

(6)  The  first  series  of  experiments  on  biological  lines 
conducted  with  the  same  filter  as  the  preceding  was  then 
commenced.  The  surface  was  raked,  and  the  bed  was 
allowed  to  rest  during  three  and  a  half  months.  For  fully 
three  months  of  that  time  a  putrid  odour  was  observable 
when  the  filter  was  disturbed,  but  this  gradually  disap- 
peared, and  during  the  last  fortnight  the  coke  breeze  was 
perfectly  sweet.  From  that  time  the  filter  was  kept  prac- 
tically constantly  at  work  for  nearly  a  year,  the  only 
rest  of  any  length  being  from  the  17th  of  November,  1894, 
to  the  2nd  of  January,  1896,  when  alterations  in  the 
arrangements  were  made  to  admit  of  more  rapid  emptying. 

The  process  adopted  was  to  begin  with  small  quantities, 
the  filter  being  merely  filled  and  emptied  twice  da'ly, 


with  a  view  to  getting  it  into  ihe  necessary 'bioldgical  con- 
dition. This  was  commenced  on  ^d  April,  1894,  and 
continued  for  a  few  weeks,  the  purification  effected  gradu- 
ally rising.  The  quantity  of  effluent  passed  was  about 
500,000  gallons  per  diem,  and  the  purification  between 
70  and  80  per  cent  The  highest  state  of  efficiency  was 
reached  on  the  3rd  May,  or  niter  a  full  month's  working. 
The  purification  reached  83  per  cent.,  and  fish  placed  in 
the  filtrate  were  kept  alive  for  many  weeks.  In  fact,  fish 
(minnows  and  sticldebacks)  came  up  the  ditch  by  whidi 
the  filter  was  emptied  to  the  very  mouth  of  the  outlet 

The  following  are  the  weekly  averages  of  the  analytical 
results : — 


Oxygen  absorbed 

Purification 

1894. 

from  Permanganate  in 

Albuminoid  Ammonia. 

Nitrogen  as  Nitrates. 

on 

• 

4  hours. 

• 

Oxycen 
absorbed. 

Week  ending 

Effluent. 

Filtrate. 

Effluent 

Filtrate. 

Effluent 
•455 

Filtrate. 
•721 

Per  cent 

7  April  . 

4-634 

1-428 

•440 

•159 

691 

14     „       - 

4-627 

1-027 

- 

•621 

•128 

-095 

•212 

77-8 

21      .,       -        -        - 

4-283 

-954 

1          ' 

-485 

•105 

-095 

•104 

77-8 

28      „                .        . 

3-977 

•800 

507 

•107 

-471 

-746 

79-9 

5  May    - 

4-300 

-722 

502 

•096 

-0636 

•106 

83-2 

12     .,       -        -        - 

4-106 

-844 

394 

•090 

•0308 

•1146 

79-4 

19     „       -        - 

8-879 

•814 

308 

•055 

•0000 

•0413 

79  0 

26     „       -        -        - 

3-877 

-657 

303 

-059 

•0000 

•1310 

83-1 

2  June    - 

4-033 

•703 

401 

•086 

1           -0000 

•1041 

82-6 

9     „       -        -        ■ 

3-247 

-611 

•303 

-069 

•0700 

•0994 

i 

81-2 

(c)  Alterations  were  then  made  in  the  arrangements  for      tical  results  continuing  to  be  highly  satisfactozy,  as  shown 
filling,  the  feeding  trough  being  doubled.       The  daily      by  the  following  weekly  averages:  — 
quantity  was  increased  to  over  600,000  gallons,  the  analy- 


1894. 
Week  ending 


Oxygen  absorbed 

from  rermanganate  in 

4  hours. 


Effluent. 


Filtrate. 


Albuminoid  Ammonia. 


Effluent 


Filtrate. 


Nitrogen  as  Nitrates. 


Effluent 


Filtrate. 


Purification 

on 

Oxygen 

absorbed. 

Per  cent 


3  August 
10 
17 
24 
31 

7  September 
14 
21 
28 

6  October 
12 
19 
26 

2  November 

9 


f> 


»» 


If 


If 


ff 


If 


tf 

ft 


ft 


3195 
3-217 
3-345 
3132 
3-504 
4*495 
3530 
4-080 
3-540 
4006 
3-648 
4*242 
3-964 
2-497 
8-726 


■685 

-365 

•094 

•661 

-329 

-081 

•661 

-332 

-079 

•661 

-271 

-057 

•819 

•296 

-077 

-785 

•390 

-082 

-712 

•356 

-087 

•767 

-419 

-136 

•745 

-521 

-103 

-808 

-553 

-244 

•828 

-519 

•243 

•781 

-439 

-117 

-740 

-460 

-132 

-540 

-292 

•080 

n762 

-406 

•089 

-0350 
Not 


-0350 
•0000 
•0700 
•0000 
•0000 
-0350 
-0000 
-0000 
•0708 
•0000 


I     -2245 

estimated  - 

ditto  - 

ditto  - 

ditto  - 

•0876 
•1341 
•0632 
•1344 
•1690 
•0989 
•0675 
•0678 
•3063 
•2020 


78^6 
79-5 
80-2 
78-9 
76-6 
82-5 
79-8 
81-2 
79-0 
80-0 
77-3 
81^6 
81^3 
78-4 
79-5 


(d)  Towards  the  end  of  1894  the  emptying  arrangements 
were  supplemented  by  a  pump,  and  later  the  resting  time 
was  shortened,  until  finally  the  filter  passed  1^  million 
gallons  daily  for  six  days,  resting  empiy  from  10  p.m.  on 
Saturdays  until  6  a.m.  on  Mondays.    The  method  adopted 


r 

was  to  fill  the  filter  to  just  level  with  the  surface  as 
quickly  as  possible ;  allow  it  to  remain  standing  full  for 
one  hour,  and  then  draw  ofif  with  the  least  possible  delay. 
Working  in  this  way  the  filter  passed  an  average  of  one 
million  gallons  a  day,  induding  all  times  of  zesti  during 
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a  period  of  eight  weeks,  the  filtrates  being  clean  and  sweet 
and  the  purifioation  'effected  78  per  cent.  Nitrification 
proceeded  satisfactorily,  and  the  filter  was  apparently 
capable  of  continuing  for  an  indefinite  time. 

A  point  of  tiie  greatest  importance  is  the  fact  that  tiie 
filter  was  able  to  do  its  work  satisfactorily  during  the  ex- 


ceptionally seTera  weather  in  January  and  February,  1806.  19  Oct.  isfis. 
A  thin  coat  of  ice  was  formed  on  the  surface,  but  ths 
filtration  proceeded  without  intermission,  tbe  only  notice- 
able change  being  the  decreased  production  of  nitric  acid. 
The  foUowing  are  the  weekly  ayeragea  of  analytical 
results — 


Oxygen  absorbed 
from  rermanganate  in 

Purification 

Albuminoid  Ammonia. 

Nitrogen  as  Nitrates. 

on 

Week  ending 

4  hours. 

- 

Oxygen 
absorbed. 

Effluent. 

Filtrate..- 

Effluent 

FUtrate. 

'  Effluent. 

Filtrate. 

Per  cent. 

1894. 

•■ 

16  November  - 

2-412 

•491 

-259 

•079 

•5648 

•8618 

796 

1895. 

4  January 

5^240 

1*190 

•447 

•160 

•6371 

16386 

773 

12        „ 

4045 

1-103 

•434 

•162 

•8766 

•8973 

•    73  0 

19 

4-202 

•817 

•441 

•112 

•3830 

•9805 

81^0 

26 

3-762 

•742 

•352 

•085 

•7826 

11130 

80^3 

2  February 

3-695 

•801 

•362 

•098 

•3681 

•6196 

78  3 

9        „ 

4*016 

•971 

-        -    Not  081 

bimated  - 

•3830 

-4549 

75-8 

16        „ 

4-281 

•891 

-    ditto    -      -      - 

•2547 

•3438 

79^2 

23 

4-967 

1-047 

-    ditto    - 

•1122 

•0804 

78-9 

2  March 

4-524 

1-293 

-    ditto    - 

•0937 

•0000 

71-4 

(e)  After  the  filter  had  been  successfully  dealing  with 
one  million  gallons  daily  for  about  eight  weeks  a  large 
quantify  of  ffludge,  amounting  to  at  least  ten  tons,  was 
run  upon  it  accidentally.  This  occurred  during  tbe  week 
ending  23rd  February.  The  result  was  an  immediate 
failing  off  in  the  quality  of  the  filtrate ;  a  putrescent  odour 
ivas  observed  ;  and  finally  the  filter  had  to  be  thrown  out 
of  work.    Bemarkable  evidence  of  the  recuperative  power 


of  the  coke  breeze  was  however  obtained,  as  after  20  daja' 
rest  it  was  quite  sweet  again,  nothing  objectionable  being 
observed  on  digging  down  to  a  depth  of  about  2  feet.  The 
coke  had  only  the  odour  of  ordmary  earth  when  moist, 
and  on  being  burnt  gave  no  objectionable  smelL 

Oa  resuming  work,  28  days  after  resting,  the  following 
satisfactory  results  were  obtained : — 


Date. 

Oxygen  absorbed 

from  Permanganate  in 

4  hours. 

Albuminoid  Ammonia. 

Nitrogen  as  Nitrates. 

Purification 

on 

Oxyeen 

absorbed. 

1895. 

Effluent. 

Filtrate. 

Effluent. 

Filtrate. 

Effluent. 

FUtrate. 

Per  cent. 

8  Ai 

10      , 

16  , 

17  , 

18  , 

19  , 
20 

»ril  • 

•               •               • 

3048 
4-095 
2-571 
8-238 
3-429 
4-476 
4-381 
2-857 

•810 
•810 
•905 
•705 
•762 
952 
1^048 
•762 

-370 
•418 
•358 
•401 
•261 
•343 
•385 
•348 

•096 
•124 
•104 
•123 
•080 
104 
•080 
-104 

•0000 
•0000 
•0000 
•0000 
•4941 
•3335 
•0000 
•3171 

1-0166 
•6350 
•6584 
•7559 
•9438 
•8161 
•7008 
•6336 

736 
80-2 
64  8 
78^3 
77-8 
78-8 
761 
73-4 

From  this  time  until  the  end  of  September  in  the  same 
year  the  filter  was  kept  continuously  at  work  (except 
during  one  week  in  August)  on  the  same  gj^stem,  viz., 
alternate  filling,  resting  Ml,  and  emptying,  with  24  hours 
entire  rest  each  week.    The  results  are  shown  in  the  fol- 


lowing table ;  the  figures  given  are  weekily  averages  of 
daily  analyses,  the  samples  on  which  the  latter,  were  made 
being  themselves  averages  of  quarter-hour  samples  from 
each  filling  and  emptying. 


Date. 
1895. 

Quantity  of 

Effluent  pamied  Daily 

per  Acre. 

Average  of  7  days. 

Oxygen  absorbed  in  4  hours. 
Average  of  7  days. 

Purification, 
percent. 

Remarks. 

Week  ending 

Effluent. 

Filtrate. 

4  May 

11    n            -        -        - 
18    „            ... 
25                 .        -        . 

1  June 

8    ..            ... 
15    «            ... 
22    „            ... 
29    „            -        -        - 

6  July 

13  „            ... 

20  „            ... 

27  ..            ... 
3Angnst  ■ 

10    „        ... 

17     ..         ... 
24     ..         ... 
31     „         ... 

7  September 

14  „ 

21  „              -       - 

28  „ 

1,049,776 

1,060,878 

1,128,138 

1,076,939 

932,171 

725,718 

980,408 

925,621 

7794282 

959,512 

1,049,042 

956,825 

964,416 

839,472 

966,881 

959,341 

966,042 

971,502 

1,013,071 

1,014,667 

1,013,071 

3-592 
3576 
3-867 
3657 
4-000 
3-309 
3-247 
3-496 
3-441 
3-576 
3-282 
3-219 
2-852 
8-359 

2-810 
2-928 
2-670 
2-683 
2-573 
2-746 
2-889 

•753 
•861 
•865 
-862 
1-013 
•841 
•872 
•698 
•566 
•614 
•572 
•531 
•490 
•638 

-450 
•485 
•467 
•603 
•470 
-461 
•491 

79-0 
75-9 
77-6 
76-4 
74-7 
75-3 
73-1 
80-0 
83-6 
82-8 
82-6 
83-5 
82-8 
83-8 

87-6 
83-5 
82-5 
81-3 
81-8 
83-2 
83-0 

Filter  not  used. 

23;». 
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ROYAL  COBIMISSrON  ON  SEWAGE  DISPOSAL: 


i9  0ct.  1808»^  '  The  experimente  t^en  as  ^  whole  show  that  sewage 

especially  if  previously  clarified  by  precipitation,  may  be 

purified  to  any  desired  degree,  the  actual  amount  of  paiifi« 
cation  depending  upon  (1)  the  length  of  time  during  which 
the  effluent  is  allowed  to  remain  in  contact  with  the  filter, 
and  (2)  the  length  of  time  allowed  for  aeratioik  If  a  re- 
duction of  75  per  cent,  in  the  oxidisable  organic  matters  in 
solution  be  considered  as  sufficient,  the  quantity  that  cftu 
be  treated  per  diem  on  one  acre  of  coke  breeze  is  one 
milliDu  gallons,  which  give  a  required  area  for  the  treat- 
ment of  the  whole  of  the  metropolitan  sewage — taken  at 
180  million  gallons — of  180  acres  only.  This  rate  is  pro- 
bably the  highest  that  can  be  worked  under  all  ccmdiUons 
of  seasons. 

If,  however,  only  the  effluents  from  the  strong  day 
sewage  were  submitted  to  filtration,  as  those  from  the 
weak^night  sewage  obtained  by  precipitation  after  chemical 
treatment  are  sufficiently  satisfactcoy,  the  area  required 
would  be  proportionately  reduced,  viz.,  to  about  120  acres. 

EXPEBDCENTS  WITH  SeWAOE  COLLECTED  ON  THE  ''SePA- 
BATE "  StSTEM,  ExCLTTBINa  RaIKTALL. 


By  the  courtesy  of  the  Sutton  (Surrey)  Urban  District 
Council  I  am  enabled  to  append  the  following  statement 
of  results  obtained  by  similar  treatment  of  the  sewage 
as  carried  out  at  the  sewage  works  of  that  CounciL  The 
trials  in  question  were  made  during  the  period  of  office 
of  the  late  Sutton  Local  Board,  of  which  authority  I  was 
at  that  time  a  member,  and  therefore  am  able  to  speak  of 
the  results  from  personal  experience.  The  works  were 
under  the  direction  of  Mr.  A.  D.  Greatorex,  Assoc. 
M.I.C.E.,  surveyor  to  the  Board. 

The  filters  employed  are  seven  in  number,  as  fc^ows — 


2  proprietary,  35  ft  by  20  ft. 
2  coke  breeze 
2  sand 


*» 


>» 


»» 


Area. 

700  sq.  ft.  each. 
700 
700 


»> 


»> 


4,200 


burnt  ballast/ Jgo}^*-  ^y  ^  ^*-   4,454 


Total  area  -    -  8,654 


i» 


The  filters  are  constructed  as  follows— 

Proprietary, 
Top     -    6J  in.,  medium  sand. 
„        -    3    „    pea  gravel. 

•  lOj  „    proprietary  article  mixed  with  sand. 


>» 


>» 


-    5 


»> 


extra  coarse  sand. 


„        -    4    „    pea  gravel. 
Bottom    5    „    coarse  shingle  round  the  pipes. 


Coke  Breeze. 

Top 

8 

» 

medium  sand« 

>i 

12 

99 

coke  breeze. 

n 

5 

>» 

extra  coarse  sand. 

n          " 

4 

99 

peagraveL 

Bottom 

5 

99 

coarse  shingle. 
Sand, 

Top     - 

8 

99 

medium  sand. 

» 

12 

99 

9»                    99 

w 

5 

99 

extra  coarse  sand. 

» 

4 

99 

pea  gravel. 

Bottom 

5 

99 

coarse  shingle. 
BurrU  BallasL 

Top     - 

4 

99 

soil. 

» 

6 

99 

fine  ashes. 

Bottom  18 

4* 

burnt  ballast. 

120,000  gallons  of  effluent  water  are  passed  through  the 
filters  per  day,  working  nine  hours.  The  six  smaU.  filters 
arc  worked  one  day  and  the  large  the  next  day,  thus  al- 
lowing alternate  days  of  rest ;  the  six  filters  have  been  at 
work  nearly  two  years  and  the  large  one  three  months, 
with  the  exception  of  the  bad  days  in  the  winter. 

The  percentage  purification  of  the  oxidizable  organic 
matter>j  effected  is  shown  in  the  following  table,  which  is 
prepared  from  analyses  made  by  Dr.  Jacob,  medical  officer 
of  health  for  the  Sutton  district — 


Date. 
18d4. 

Proprietary 
niter. 

Coke  breeze 
filter. 

Sand  filter. 

May  2nd 

36-4 

47-6 

310 

July  13th       - 

51-5 

410 

32-2 

n                     • 

— 

50  0 

— 

f»                   " 

53  0 

— 

Oct.  16th 

610 

51-0 

30-0 

»» 

54-0 

48-0 

24-0 

Nov.  24th      - 

63-3 

14-9 

60-0 

»» 

44-2 

26-5 

51-6 

Average   - 

601 

41-5 

36*5 

On  the  24th  April,  1895,  Mr.  Qreatorez  kindly  cdUeoted 

for  mo  a  series  of  samples  of  crude  sewage,  precipitatioD 
effluent  and  filtrates,  the  samples  being  averages  of  ten 
hours'  working.  These  were  analysed  in  the  Councirs 
laboratory,  and  yielded  the  following  results— 


24th  April,  1894. 

Sewa^ 
including 
sus- 
pended 
matters. 

Sewage, 
excluding 
sus- 
pended 
matters. 

Effluent 

before 

filtration. 

Burnt 

ballast 

filter. 

Sand  filter. 

Proprietary 
filter. 

Coke  breeze 
filter. 

No.  1. 

No.  2. 

No.  1. 

No.  2. 

No.  1. 

No.  2. 

Oxygen  absorbed 

Purification  per  cent, 
on  unfiltered  effluent. 

8-98 

4-29 

2-292 
•0 

2*54 
13-0 

113 
61-3 

1*06 
63-0 

1-22 
58-3 

0*85 
70-9 

0*85 
70-9 

0-66 

77*4 

' 

621 

6^ 

1*6 

741 

From  the  first  table  of  the  results  obtained  at  Sutton, 
it  would  appear  that  the  proprietary  filter  gave  the  best 
results  ;  but  this  was  caused  by  the  lower  rate  at  which 
this  filter  worked,  as  in  many  instances,  in  consequence 
of  the  finer  grain  of  material  and  frequent  choking,  the 
quantity  passing  through  the  bed  was  te  less  than  that 
passed  by  the  remaining  filters.  In  the  case  of  the  ex- 
periments conducted  at  Barking  Credc  the  rates  of  flow 
were  maintained  at' equal  speed.    In  the  second  table  of 


Sutton  results,  however,  the  coke  breeze  filter  excelled  all 
the  others,  the  proprietary  and  sand  filters  being  retry 
close  together. 

From  the  above  results  it  would  appear  that  the  bant 
ballast  filter  has  been  overworked  and  requires  a  shoit 
perioc*  of  rest,  as  a  former  result  was  exceedingly  satie- 
factory. 

In  his  report  of  the  18th  July,  1894,  IM  Jaoob  stated 
that  the  effluents  from  the  various  filters  were  quita  fit 
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to  be  diflchArged  inio  the  brook  without  fmiheir  treat- 
meiit. 

ClOKGIiTTBIONB, 

The  adabn  of  a  filter  ie  twofold:— (1)  It  aepwatfie 
mechaaicaUy  all  groes  particlee  of  B^spended  matter  ttd 
rendera  the  effluent  dear  and  bright.  (2)  It  eflecte  the 
ozidatioa  of  o«ganic  mattere,  both  thoee  in  euapenaion  and 
thoee  in  aolution,  through  the  agency  of  living  organifln»B. 
It  is  the  prehnduoaiy  eetablishinent  and  subeequent  culU- 
vation  of  theee  organiflme  which  is  to  be  aimed  at  in  the 
acieaitific  process  of  purification  by  filtration. 

The  oidinaiy  putrefactive  and  other  similftr  organisms 
conanence  the  work  by  breaking  down  the  orgamc  com- 
pounds and  conTertang  them  to  less  complex  forms,  pnxua- 
pally  water,  carbonic  acid  and  amm<mia ;  the  nitrj^ing 
danism  then  acts  upon  the  ammonia,  the  nitrogen  being 
converted  into  nitric  add.  For  this  process  to  go  on, 
three  conditions  are  essential.  Firstly,  the  organisms 
must  be  supplied  with  plenty  of  air  ;  secondly,  there  must 
be  present  a  base,  such  as  lime,  with  which  the  nitna 
add  can  combine  ;  and  thirdly,  the  biological  action  murt 
take  place  in  the  dark,  i.6.,  in  the  body  of  the  filter  and 
not  in  the  water  exposed  to  the  light  above  the  filtering 
material.  Filtration  on  biological  lines  of  sewage  or  other 
foul  water  containing  in  solution  but  little  free  oxygen 
and  a  large  quantity  of  ooddizable  organic  matter  there- 
fore means: — 

(1.)  That  the  filter,  by  cautious  increments  in  the 
quantity  of  effluent,  which  in  itself  contains  the  neces- 
sary organisms,  must  be  gradually  brought  to  a  state 
of  high  efficiency.  This  condition  will  be  shown  by 
the  exiflfcenoe  in  the  filtrate  of  a  constantly  incre^ung 
proportion  of  nitric  add. 

(2.)  That  the  contact  of  the  micro-organisms  with 
the  effluent  to  be  purified  must  be  effected  by  leaving 
such  effluent  at  rest  in  the  filter  for  a  greater  or  las 
time  according  to  the  degree  of  purification  required, 
the  process  being  analogous  to  that  of  f  ermentation. 
The  system  employed  in  many  places  is  to  run  the 
water  straight  through  the  filter  and  thus  allow  m- 
suffieient  time  f6r  the  work,  with  the  result  tiiat  the 
filtrate  is  soon  in  on  unsatisfactory  condition. 

p.)  That  after  each  quantity  of  effluent  has  been 
dealt  with  the  mioro-orgaDisms  must  be  supplied  with 
air,  which  as  readily  effected  by  emptying  the  filtwr 
from  bdow,  whereby  air  is  drawn  into  the  interstices. 
The  filter  must  stand  empty  for  an  hour  or  more 
previous  to  another  filling  and  a  longer  period  of 
aeration,  say  24  hours,  must  be  allowed  every  seven 
or  eight  days. 

The  life  of  a  coke  breeae  filter  worked  in  this  manner 
is  practically  without  a  limii 

From  the  general  results  obtained  by  these  several 
trials   under  various   actual   working   conditions  it  is 
apparent  that  there  is  no  difficidty  in  obtaining  any  desired 
degree  of  purification  by  means  of  a  system  of  filtration 
eonducted  on  biological  prindples.    If  a  higher  degree  of 
purity  be  required  than  that  indicated  by  the  foregoing, 
it  can  be  obtained  by  an  augmentation  of  the  filtering 
applian«2es  at  a  comparatively  small  cost,  as,  where  day  is 
Obtainable,    the  method  of   construction    employed   in 
making  the  new  burnt  ballast  filter  bed  at  Sutton  may 
be  adopted,  viz.,  by  simply  digging  out  the  day  so  as  to 
form  a  pit  about  3  feet  deep,  and  filling  it  up  with  the  same 
day  after  burning,  and  thus  a  cheap  and  effident  filter 
led  is  obtained,  die  cost  of  the  large  filter  bed  at  Sutton, 
having  an  area  of  4,454  square  feet,  or  rather  more  than 
one  tenth  of  an  acre,  being  less  than  £100,  including  all 
charges. 


By  such  a  system  the  necessity  for  costly  farms  u  en- 
tirdy  obviated.  The  r  esultcr  are  completely  under  control , 
and  the  filters  can  be  arranged  to  suit  all  requirements 
ib  is  possible  to  contemplate. 


SCHEDULE  ;2w 

THE  BACrrEEIAL  TREATMENT  OF  SEWAGE  OOX- 
TAINING  MANUFAOTUBING  REFUSE. 

(Rcprioted  from  the  Journal  of  the  Sodety  ofOhemical 
Lidustry,  30th  April,  1898.    No.  4,  VoL  X71L). 

By  W.  J.  Dibdin,  F.LOy  F.O.S.,  #nd  G.  Thudichum, 

Some  three  yevs  since  one  of  ua  presented  to  this 
Sodety  the  results  of  our  experience  with  regard  to  the 
bacterial  treatment  of  the  sewage  effluent  at  tiie  Northern- 
OultfeJl  works  at  Barking  Creek,  carried  out  for  the  mam 
DxBinage  Opanmittee.of  the  London  County  Council.  The 
outoome  of  these  experiments  was  the  clear  demonsizalaon 
of  the  fact  that  the  (principaHy)  dissolved  matters  re- 
maining in  the  sewage  sfter  treaitment  with  lime  and 
protosSphate  of  iron  could  be  practicallv  rendered  in- 
nocuous by  subjecting  them  to  the  attack  of  bacteria  under 
suitable  conditions  ;  and  theee  conditions  were  to  a  great 
extent  ascertained  and  set  forth  in  the  communicatiott 
above  alluded  to. 

The  i^stem  then  adopted  and  appUed  to  the  purification 
of  effluent  from  which  the  suspended  solids  had  been  re- 
moved by  precipitation  has  since  been  shown  to  be  capabAC 
of  extension  to  a  degree  at  that  time  unsuspected,  since 
by  the  bacterial  action  alone  the  whole  of  the  solid  matters 
in  the  cnwie  sewage  may  be  destroyed  and  the  effluent 
water  rendered  innocuous  and  unobjectionable.  This 
has  been  shown  to  be  the  case  by  long-continued  work  jig 
at  Sutton,  Surrey,  wthere  experimenltal  pnrificaticn  of  the 
sewage  as  iit  arrives  on  the  works,  bacberial  agencies  alone 
being  employed,  has  been  in  successful  operation  for 
some  18  months.  These  experiments  have  already  been 
pnblished,  and  need  not,  therefore,  be  now  further  re- 
ferred to  beyond  a  steitement  as  to  the  general  result  of 
the  work,  whaoh  may  be  summed  up  in  the  table  on 
pages. 

It  having  been  thus  shown  that  the  bacteriological 
aotion  is  fully  equal  to  the  task  of  purifying  domestic 
sewage  under  ordinary  conditionB,  it  remained  to  be  ascer- 
tained whether  sewage  containing  relatively  large  quan- 
tities of  refuse  from  various  manufactories  cotdd  be  treated 
on  the  same  lines  wiitfli  equal  success.  As  we  have  had 
ample  opportunity  of  testing  this  important  poia^t,  we 
venture  to  submit  for  the  information  and  criticism  of 
the  members  of  the  Sodety  the  outcome  of  the  work  done 
in  this  direction. 

We  would  first  pdnt  out  that  London  sewage,  upon 
whijch  t^e  whole  of  our  earlier  experiments  were  carried 
out»  contaons  very  large  quantities  of  manufactoiing  refuae 
of  all  kinds.     It  has  been  frequently  stated  that  up  to 
quite  recehUy  we  had  dealt  with  domestic  sewage  only, 
and  that  when  the  method  was  tried  in  manu&cturing 
towns  it  would  profbably  fail    There  is,  of  course,  in  the 
sewage  of  London  no  such  preponderance  of  any  particu- 
lar kind  of  trade  refuse  as  is  found  in  some  other  towns, 
as,  for  instance)  the  iron  pickle  liquor  in  Leeds  and  West 
Bromwdch,  the  refuse  from  the  le^er  dressers  at  YeoviL 
or  the  dye  liquors  in  some  of  the  northern  towns ;  but 
the  members  of  this  Sodety  are  probably  better  ikiformed 
than  the  general  public  as  io  hoih  the  quantity  and  the 
nature  of  the  various  izade  e£3iuents  which  are  pained  into 
the  metropolitan  sewers.    We  may  fairly  say  thai,  whilst 
the  SutbcHi  experiments  were  made  with  a  pixrdy  domestic, 
dlJiough  very  strong,  sewage,  the  Barking  Creek  results 
were  obtiuned  from  a  sewage  oontaindng  all  manner  of 
trade  refuse »  but  with  no  spedal  prepondeirance  of  any 
one  kind. 

Turning  now  to  places  in  the  case. of  which  the  special 
pollutions  are  strongly  emphasised,  it  will  be  well  to  set 
out  the  more  impcntant  of  the  various  descriptions  of* 
refuse  which  have  been  dealt  wiiih,  and  then  to  discuss' 
the  results  of  the  treatment  of  the  sewage  into  which 
these  are  discharged  in  quantities  to  make  their  presence 
individually  evident. 


iQOotisn. 


W.  J.  Dibdin, 

Chemist. 


40,  Craven  Street,  W.C, 
October,  1895. 


The  special  trade  effluents  examined  are :  — ^Tan  liquor, 
brewery  waste,  distillery  waste »  leather  dressers,  acid 
iron  pickle  liquor,  ihiik  washings,  gas  liquor,  soap  works, 
paper  mills,  margarine  factories. 

Expebhodstb  at  Lexds. 

As  a  type  of  sewage  highly  charged  with  refuse  from 
various  manu^EMTtories,  and  in  which  one  special  component 
is  strongly  marked,  that,  of  Leeds  mav  be  considered 
with  advantage.  By  the  courtesy  of  Colonel  Harding, 
the  ChamnsD  of  the  Streets,  Ac,  Committee  of  ^e  Cor- 
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ROTAL  GOIIHISSION  ON  SBWAGE  DISPOSAL: 


19  Oct.  law,  poratiom  of  Leeds,  we  are  enabled  to  place  before  you      out  «t  the  Kaosirop  works  at 
the  results  of  the  experiments  which  hare  been  carried      October  last 


since  the  first  of 


Avera^  during 
Month. 


Crude  Sewage. 


Oxysen 
absorbed 

in 
4  Hours. 


Albumi- 
noid 
Ammonia. 


Nitrpg^ei^ 
as  Nitrites 

and 
Nitrates. 


Coarse  Bed. 


O 
4  Hours. 


NH, 

Alb. 


N 
Nitrites, 

&0. 


Fine  Bed. 


O 

4  Hours. 


NH, 

Alb. 


Nas 

Nitrites, 

&c. 


November  1896 
December    „ 
January  1897 
February  „    - 
March 

April 

May 

July 

September, 

January  1898 

March 


>i 


>i 


>♦ 


fi 


^>f 


n 


4*245 

6-219 

5*223 

4-464 

5-044 

3111 

3-873 

2-757 

1-295 

3-00 

2-58 


0-278 
1*108 
0*893 
0*706 

*  •  • 

0-154 

0-78 

0*25 


Grains  per  Gallon. 
1-795 


■  •  • 

1-782 

«  •  • 

1-924 

Trace 

1-378 

Nil 

2057 

NU 

0-789 

Nil 

1-949 

Trace 

1-849 

Nil 

0*360 

Nil 

0-670 

Nil 

0-760 

0-189 
0-381 
0-185 
0-486 

■  •  • 

0*067 
0120 
0120 


0-566 
0*740 
0*936 
0*207 
0*148 
0*410 
0*600 
0-098 


0*858 
0*759 
0*634 
0-542 
0*614 
0*434 
0*759 
1*185 
0*210 
0*360 
0*320 


0-147 
0*173 
0*119 
0-222 

•  •  ■ 

0*037 
0-080 
0040 


1-649 
1-313 
1*549 
0*192 
0-553 
0-742 
1*630 
2-250 


The  bacteria  beds  employed  are  fiHed  with  coke  in  the 
moomer  elsewhere  suggested,  and  oooaiflt  of  a  coarse  bed 
followed  by  a  fine  one.  The  depth  ot  -tfie  first  one  is 
4ft.  6In.,  a^  that  of  the  seoona  5ft  The  quantity  of 
seiwage  dealt  with  is  about  200,000  gaihoB  daily. 

During  the  first  three  months  the  sewage  was  put  on 
to  the  coarse^  bed  direcdy.  without  any  straining  other 
than  tiha(t  whicih  it  reoeiyed  by  jpasaing  thxx>agh  a  screen 
haying  a  l^in.  mesh  before  arrlTing  at  the  pumps.  Tids 
resulted  in  a  quantrty  of  fibrous  matter,  largely  composed, 
of  wool  refuse,  accumulating  upon  the  su^ace  of  the  bed  ; 
but  this  defect  has  now  been  remedied,  and  so  iu  there 
appeaiB  to  be  no  reason  to  antioipaite  anj  renewal  of  the 
troulble  thus  oaused,  Vhich,  'howeyer,  did  not  affect  the 
BirtMaotory  ohandter  of  the  final  eflloent,  the  chief  symp- 
tom being  a  too  great  reduction  in  the  origicukl  water 
oapadty  odE  the  bedf. 

During  the  first  three  months  the  beds  were  used 
twice  a  day,  with  the  result  that  they  were  gradually 
bmughit  into  thoroughly  good  working  condition,  as  is 
shown  by  the  foUowing  table  of  ayerages  of  the  daily 
analyses  which  were  miMle : — 


results  obtained  weie  to  all  intents  and  purposes  ss  good 
as  before,  but  the  trouble  mentioned  aboye,  yiz.,  the  col- 
lection of  fibrous  matter  on  the  ooarse  bed,  somewhat 
dekyed  the  experiments  in  order  to  arrange  for  the  fitting 
of  suitalble  screens. 

The  fallowing  shows  the  ayenige  of  the  analyses  made 
whilst  the  beds  were  thus  working  at  the  increased  rate : — 


Coarse  Bed  Effluent. 


Oxygen 

absorbed, 

4  hours. 


1*31 


Albuminoid 
Ammonia. 


Fine  Bed  Effluent. 


m 
absorf 
4  hours. 


0*15 


0*53 


Albuminoid 
Ammonia. 


0-066 


Crude  Sewage. 

CoarseBed  Effluent 

Fine  Bed  Effluent. 

Oxygen 

ab- 
sorbed, 
4  hours. 

Albumi- 
noid 
Ammonia. 

Ox^n 

sorbed, 
4  hours. 

Albumi- 
noid 
Ammonia. 

Oxygen 

ab- 
sorbed, 
4  hours. 

Albumi- 
noid 
Ammonia. 

3*91 

0*372 

2-42 

0-212 

0*84 

0115 

It  iwas  noticed  that  nitrification  was  only  deyeloped  to 
any  extent  at  about  the  seyenth  week,  and  that  it  neyer 
attsined  the  proportions  found  in  deaHnff  with  the  purely 
doonestio  sewage  of  Sutton.  This  is,  of  course,  in  part 
due  to  the  Le^  sewage  being  much  poorer  in  nitrogen, 
and  partly  also  to  the  yery  large  quantities  of  iron  liquor 
frequently  present.  It  was  obseryed  that  idieneyer  the 
incoming  sewage  was  sdd,  it  retained  that  reaction  through 
both  stiB^^es  of  the  treatment.  So  powerful,  howeyer,  was 
the  ood&ing  action  of  the  beds  that  not  only  was  the 
organic  matter  acted  upon,  but  the  iron  salts  in  solution, 
which  in  tiie  crude  sewage  were  ferrous,  were  in  many 
ZDstaaioes  found  in  the  final  effluent  to  be  completely 
changed  into  the  ferric  state.  In  the  majority  of  the 
saanples  the  iron  sepavated  out  after  a  time  and  settled  as 
ferric  oxide  in  the  bottom  of  the  yessel,  leaying  an  abso- 
lutely dear  and  IniUiant  effluent. 

When  the  beds  were  filled  three  times  per  diem  tl!e 


The  general  character  of  the  effluents  ib  all  that  can  be 
desired.  They  are  (after  the  sepaiatLon  of  the  iron)  bright 
and  clear,  they  are  practically  without  smell,  a  yery  slight 
earthy  odour  being  occasionally  noticeable ;  they  are 
absolutely  non-putrescible,  and  fish  can  liye  and  thi  iye  in 
them  in  the  state  in  wMch  they  issue  from  the  beds 
directly,  as  has  been  demonstrated  by  actual  trial,  extend- 
ing oyer  tiliree  montiis,  in  the  course  of  the  experiments 
under  notice.  It  is  thus  eyident  that  if  such  an  effluent 
were  allowed  to  A<yw  into  a  riyer  eyen  of  reltfbiyely  yery 
smsfl  y<dume  there  would  be  no  cause  for  alann  as  to  its 
effect  upon  fish  life,  which  may  be  taken  as  a  crucial  point 
in  regard  to  the  purification  of  sewage  entering  streams 
which  are  not  afterwards  used  f <^  the  purpose  of  suni>lyinir 
poti^le  water.  fk/-* 

Haying  regard  to.  the  facts  that  these  results  haye  been 
obtained  during  ^e  winter  months  we  may  reasonably 
hope  that  as  the  warm  weather  sets  in  the  work  done  by 
the  bacteria  beds  will  be  eyen  more  effectual. 

The  particular  trade  effluents  entering  the  Leeds  sewage 
are  those  deriyed  from  tanneries,  galyanising  works, 
copper  works  (wet  process),  with  Is^e  quantiiaes  of 
shoddy  waste. 

EXPEBIXENTB  WITH  MilDSTOinB  SSWAOS. 

The  sewace  of  Maidstone  contains  large  quantities  of 
breweiy  and  tannery  refuse,  and  is  omnically  twice  as 
strong  as  that  of  Leeds,  the  albuminoid  ammonia  ayer- 
aging  0-64  grains  per  gallon,  as  against  0-37  grains  in  the 
case  of  the  iMt-mentioned  towns.  So  far,  experiments 
made  with  this  sewage  haye  been  on  a  laboratory  scale 
only,  but  saitisfiBiotory  results  haye  been  obtained,  as  will 
be  seen  from  a  consideration  of  the  ayerage  amount  of 
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oxygen  absoihed  by  the  crude  B&wnge  and  coarse  and  fine 
^ed  effluents  leBpectively.,  ae  follows : — 


• 

Crndfe. 
Sewage. 

»  * 
Coarse  Bed! 

Fine  *^^ 

■M.  UM3    ±J'V\JL* 

Oxygen    absorbed 
from  permangan- 
ajte  in  four  hours, 
at  80»  F.   grains 
per  gallon. 

5-805 

i 

1 

1 

2-411 

1 

pft67 

• 

The  albuminoid  ammonia  was,  unfottuliately;,  not  esti- 
rmated  in  all  the  effluents,  but  where  done  showed  a 
reduction  of  66*6  per  cent.  Since  our  ahnost- invariable 
■  experience  has  beeii  that  work  of  ifaia  kind  is  always 
.  better  when  done  on  a  large  scale  than  when  carried  out 
in  our  snuiU  laboratory  bacteria  beds,  we  feel  confident 
that  the  experiments  i&out  to  be  instituted  at  Maidstone 
will  result  in  the  produdaon  of  a  good  effluent  from  a  Tery 
i  foul  sewage. 

EXFERIHEITTS  WITH  WeST  BbOICWICH 'SBWAG3B. 

In  this  case  the  chief  trade  effluent  which  enters  the 
sewers  is  one  derived  from  the  galvanoeing  works.  This 
piekle  liquor  is  of  a  nature  similar  to  thai  mentioned  in 
connection  with  the  tresftment  of  the  Leeds  sewage,  and 
the  experimental  filters  at  Wefb  Bromwioh  have  also 
worked  out  with  great  success.  We  might  here  state, 
however,  thalb  il  an  effluent  be  intended  to  be  finally  used 
on  landi  the^  iron  must  first  be  removed,  either  by  pre- 
vious lime  precipitaltlon  or  by  aeiiitwn  and.  settlement  of 
the  fine  bed  effluent  in  which  it  Still  remains  in  solntion. 
This  is  a  question  of  the  utmost  importance  in  the  case  of 
some  towns,  as,  for  example,  Wolverhampton.  Although 
the  adtion  of  bacteria  beds  is  not  seriously  impeded  by 
the  presence  of  the  iron,  we  Bxe  nevertheless  of  opinion 
that  ii  would  be  better  to  remove  it  by  preliminary  treat- 
ment, where  such  can  be  carried  out  at  a  reasonable  cost. 

EZPXBIMENTB  WTTH  Y^OVII.  SbWAOB. 

The  principal  induMry  of  YootA  being  the  mamifacture 
iof  glove  leaith^,  the  chief  trade  refuse  which  enters  the 


sewers  comes  from  the  yards  of  fellmongers  and  leather-  i9  Oct.  ism. 
dressers,  and  is  of  an  especially  olmoxious  character.    In   .  — rr 
addition  to  the  organic  impurities  it  contains  arsenic, 
whioh  is  lazgely  employed  in  the  prepfluratory  processes. 

In  this  case  the  system  of  treatment  adopted  has  been 
the  now  weH-known  sepitic  tank,  in  which  a  large  pro- 
portion of  the  soHd  matters  are  first  brought  into  soli^on 
by  anaerobic  agencies,  and  then  oxidised  by  passing 
through  fine  bacteria  beds.  The  resulte  obtained  are  in 
all  respectbs  comparable  with  those  given  above. 

In  the  cases  which  have  so  far  been  reviewed  we  have 
dealt  only  with  sewage  eontarining  laiger  or  smaller  quan- 
tities of  the  specific  effluents.  It  may  be  of  interest  to 
the  men^bers  of  the  Society  to  instance  some  experiments 
made  with  bacteria  beds  upon  some  actual  trade  effluents 
in  the  conditio^  in  which  they  were  dtschaiged  into  the 
serwer.  In  each  case  the  liquid  was  aHowed  to  remain  in  a 
coarse  bed  for  two  hours,  and  following  this  in  a  fine  bed 
for  a  similar  period  of  time. 

Special  trials  made  on  refuse  liquor  from  tanneries, 
margarine  works,  galvaoiising  works,  gas  liquor,  milk 
washings,  and  yeast  washings  showed  that  in  all  cases 
observed  a  very  oonsideralble  improvement  was  effected, 
excepting  in  the  case  of  the  gas  liquor,  which  had  to  be 
somewhat  diluted  before  being  placed  in  the  beds.  The 
resultant  effluents  contained  no  suspended  solids,  and  did 
not  become  putrid  on  keeping. 

It  will,  of  course,  be  understood  that  these  samples  are 
only  given  to  show  that  the  refuse  Uquors  named  are 
amenable  to  bacterial  treatment ;  the  effluent  so  produced 
must  not  in  any  way  be  taken  as  representative  of  what  is 
required  in  the  way  of  purification.  It  is,  however,  dear 
that  if  BO  much  work  can  be  done  by  passage  through  two 
beds,  the  purification  can  be  extended  by  increasing  the 
niuDlber  of  times  of  sulbmission  to  microblsl  influenoea 
In  practice,  concentrated  chemical  refuse  liquors  would 
have  necessarily  to  receive  special  treatment  in  order  to  fit 
them  for  bacterial  purification  ;  excess  of  acid  or  alkali 
must  be  corrected  ;  iron,  if  present  in  large  qoaotltieB, 
removed  ;  and  so  forth.  The  point  which  has  been  so 
far  considered  is  as  to  the  treatment  of  sewage  containing 
manufacsturii^  refuse  ;  and,  so  far  as  our  experience  has 
gone,  such  sewages  can  be  efflciently  purified  by  the  bac- 
terial method  equally  with  the  domestic  sewage  from  a 
purely  residential  neighbourhood. 


TABLE  OF  RESULTS 


130 


ROTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


19  0et.l8M 


TABLE  OF  RESULTS  OF  ANALYSES  OF  SAMPLES  OF  CRUDE 
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■  •  I     '  •  •        .         .... 

a-  AT  KNOSTROP,  LEEDS. 
(Quantities  stated  in  Grains  per  Qallon.) 


CRUDE     SEWAGE. 

COARSE 

DATE  or 

• 

i 
S 

Ammonia. 

Oxygen 
abeorbed  f rom 
Permanganate 

at8?F. 

Suspended 
ICattere. 

DiMolved 
Solids. 

• 

e 
§ 

Ammonia. 

Oxygen 
absorbed  from    :  * 
Permanganate 

at  *r  F. 

__ 

COLLECTION. 

1 

• 

1 

S 

< 

■ 

< 

• 

1 
1 

c 

s 

1 

* 

1 

1 

1 

1 

At  once. 

In  four  hours. 

7  October  1897     - 

1 

12-1 

312 

0-25 

0-98 

2-567 

18*8 

10*6 

56-2 

19*0 

11-6 

2*66 

0*16 

0-76 

l-9«) 

i 

14  October  1897     • 

11-4 

8*18 

0-876 

1-22 

3-664 

29*5 

16*0 

5a'5 

16*7 

11*2 

2*58 

O'tl 

0-87 

2-212 

L 
1 

21  October  1897  '  • 

0-5 

2-27 

0316 

1-42 

3*680 

82*7 

19*2 

56*4 

17-6 

9*1 

2*14 

0*249 

0-94 

2-670 

28  October  1897     - 

10-6 

2-90 

0-427 

1-70 

4-720 

45*6 

26*1 

63-4 

17*3 

10-5 

2-83 

0*809 

1-2S 

3*090    ' 

4  November  1897 

1 

10-7 

3-54 

0-470 

2-38 

4-86 

48*8 

85*9 

60*3 

24-5 

10*4 

2-77 

0-252 

1*48 

< 
2-74 

11  November  1897 

100 

S-97 

0-63 

1-7S 

4*39 

89*8 

26*6 

71*5 

28-4 

10-5 

8-12 

0*28 

1-18 

2-75 

1 
1 

18  November  1897 

9-6 

S-62 

0-35 

1*4& 

390 

37*1 

21*8 

57*8 

16-1 

9-2 

2-88 

0*16 

0-75 

2-29     ' 

25  November  1897 

10-9 

8-83 

O'SO 

1-5S 

4*05 

39*9 

26-6  ■ 

50-5 

U*7 

10-4 

2-98 

017 

0-75 

2*47 

£  December  1897 

t 

10-7 

2-30 

0-26 

1-11 

3-25 

45*5 

82-0 

60-9 

13*7 

ld-9 

218 

0-18 

0-48 

1-60     1 

18  December  1897 

8-4 

2-09 

0-27 

115 

3-47 

84-4 

16*7 

60*8 

12*6 

7-7 

1-90 

0-15 

0*68 

1-65 

1 

1 

2S  December  1897 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7-6 

1-82 

018 

0-47 

1-67 

V 

1 

SI  December  1897 

- 

- 

- 

— 

- 

- 

- 

- 

8-5 

1-80 

0-14 

0*36 

1*28 

i 

1 

1 
7  January  1898'    - 

~ 

_ 

— 

. 

_ 

- 

.. 

„ 

. 

8*9 

1-63 

0*14 

0*26 

1-07 

1 
i 

14  JaniUry  1898    • 

- 

_ 

- 

- 

- 

- 

- 

- 

- 

9-8 

1-91 

0-13 

0-89 

135 

21  January  1898    • 

- 

- 

- 

- 

- 

- 

- 

- 

12*7 

1*88 

017 

0*44 

1*64 

28  January  1808    - 

- 

- 

- 

- 

- 

- 

- 

- 

16*0 

201 

0-14 

0-59 

1-61 

2  February  1896  - 

— 

- 

— 

- 

_ 

t 

_ 

83 

1*68 

1 

0-10 

0-2S 

0*89 

• 

25  Febrtuury  1896  - 

12*1 

1-78 

0-28 

0-94 

2*98 

5*4 

2-4 

72-4 

151 

11-6 

1*02 

0*12 

0*39 

1*02 

lMarbhl898 

7-7 

1*40 

0-12 

028 

1-61 

4-7 

2-4 

49*4 

8-4 

7-9 

1*86 

0-09 

0-18 

1-24 

1 

18  March  1896 

- 

- 

- 

- 

- 

- 

- 

- 

- 

13-2 

1*55 

0-09 

OSS 

1-89 

1 

'25  March  1898       -       • 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7-6 

1*53 

0-11 

0*34 

1*89 

I  April  1898         -       - 

— 

— 

- 

— 

.. 

. 

V 

_ 

_ 

12-4 

1*29 

0-08 

0-20 

1*27 

6AprU1896         -       ' 

- 

- 

- 

- 

- 

- 

- 

•- 

- 

8*9 

1-75 

009 

0-19 

1*65 

15  April  1806 

- 

- 

- 

- 

- 

- 

- 

- 

- 

9-7 

0-77 

0*07 

0-05 

1-64 

22  April  1896 

- 

- 

- 

- 

- 

- 

- 

- 

- 

8-8 

115 

0-09 

0-87 

1-60 

26  AprU  1898 

- 

- 

- 

- 

- 

- 

- 

- 

V-4 

1-47 

0-11 

• 

0-87 

1*49 

6]kUyl898  • 

- 

— 

— 

1       •" 

« 

— 

_ 

— 

81 

1-18 

0-10 

0-27 

1*85 

IS  May  1898  •       -       • 

- 

- 

- 

- 

- 

- 

- 

« 

- 

9*8 

1-07 

0-12 

0-18 

1-46 

1 

17  May  1898  -       - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

7-1 

106 

008 

0-40 

1-82 

1 

S4  May  1886  • 

- 

- 

- 

- 

- 

- 

- 

- 

8*9 

1*05 

010 

0-28 

1-38 

i 

S  June  1898  • 

— 

- 

- 

— 

- 

- 

_ 

« 

— 

7*8 

1-15 

0*06 

0-17 

1-35 

IC  June  1898  - 

- 

- 

- 

- 

- 

- 

- 

- 

10*57 

1*15 

006 

0*45 

1-82 

1 

14  June  1886  - 

- 

- 

- 

- 

- 

- 

- 

- 

- 

10-1 

0-97 

007 

0*22 

ISO 

' 

5  AugUBt  1898      • 

- 

- 

- 

- 

- 

- 

k 

~ 

.. 

7-4 

1-61 

010 

0-89 

1*91 

9  August  1806      - 

- 

- 

- 

- 

- 

- 

m 

- 

- 

11*5 

1*55 

0-11 

0*46 

1*28 

Aveiage    •    •   • 

- 

2-8S6 

OSSl 

- 

8*586 

81*8 

- 

- 

- 

- 

1-74 

0137 

- 

1*717 

Purification  per  cent. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

- 

88*7 

58-7 

- 

62*2 

•  f 


MINUTES  OF  EVlbENCli. 


I     <  » 


133 


Sffluents  from  Sewage  Disposal  Works — continued. 


•    *    t 


lO.Q<lta806. 


WEEKLY  AVERAGES. 


(Quantities  stated  in  Grains  pfer  Gcdkm.) 


BED. 

• 

F  I  N  B     B  E  D. 

• 

intfogteM 

* 

MAtterti 

PlMoWed 
SoUds. 

• 

AmmooU. 

omm 

Abeorbedfrom 

FermMisanaie 

AtSO'F. 

I 

Kitrogenaa 

Snepended 
Mfttten. 

DinoWed 
SoUde. 

» 

1 
1 

\ 

• 

T 

1 

; 
• 

1 

1 

* 

• 
_  > 

1 

1 

• 

1 

1 

1 

•< 

• 

• 

i 

i 

S 

• 

6 

• 

• 

i 

> 

0- 

4-8 

1-9 

86-8 

14-6 

11-8 

1-86 

0-ot 

0-24 

0-780 

0- 

0-060 

8*1 

0-1 

164-9 

14-6 

0- 

0-098 

U-9 

6-7 

80-6 

13-4 

10-9 

2-01 

0-62 

0-86 

1*226 

0-  ' 

0086 

4-1 

22 

78-4 

14'» 

0- 

Oi«7 

6-8 

41 

670 

18-9 

9-1 

1-88 

0*178 

0-88 

1*200 

0- 

0-088 

8-8 

1-0 

61-7 

14*1 

0- 

CHttl 

lD-8 

6-8 

81-7 

15-8 

10-1 

t 

2-19 

0197 

1 

0*87 

1-24 

0- 

0-064 

6-6 

2-9 

66*2 

18*8 

1 

0- 

(HM8 

12-1 

6-2 

04-2 

19-0 

10-4 

2i'29 

0-163 

0-89 

1-09 

0* 

0*046 

7-7 

8-6 

68-6 

16*6 

0- 

(HM6 

14*6 

7-9 

86-3 

18-4 

10-4 

2-40 

0-18 

030 

0-91 

0- 

0-089 

7-1 

8-4 

68-4 

16-9 

0- 

o-ctso 

10-8 

4-9 

56-8 

12-3 

9*2 

l,-79 

0-10 

0-04 

0*61 

0- 

1 

0-091 

8-8 

10 

64-8 

9*8 

0- 

0-647 

U-2 

6-8 

66*4 

121 

9-9 

1*84 

0-09 

0-11 

0-68 

0* 

0*802 

6-4 

1*9 

66-8 

wa 

0- 

OiN^l 
0-068 

16-« 

90 

Sl-7 

9-4 

9-9 

1-27 

0*06 

008 

0*39 

0- 

0*841 

4-1 

2-0 

88-2 

9-fr 

0- 

9-7 

6*8 

68-1 

12-6 

7-8 

0-86 

007 

001 

0*46 

0* 

0-888 

8-2 

0-9 

641 

12-»^ 

0* 

0iM5 

6-7 

8-7 

58*9 

10-8 

7-6 

0*92 

0-07 

0-04 

0-68 

0* 

0*124 

0-8 

Tr. 

66*8 

121 

0- 

o-tos 

8-8 

6-8 

ao-8 

12-2 

8-3 

1-02 

0-06 

0-11 

0-68 

0- 

0-178 

1-2 

0-6 

61-2 

11-6- 

0* 

1 

o-mo 

1 

9-7 

6*2 

56-5 

18-2 

4 

9-2 

0*92 

0*06 

0* 

0*41 

Tr. 

0-186 

1-9 

0*6 

661 

111 

0- 

o-i»i 

8-9 

6-8 

02-8 

12-8 

^'7 

1*07 

0-06 

0* 

0-38 

Tr. 

0187 

1-6 

0-7 

86-9 

IVT 

(>• 

Tr. 

18-1 

8-4 

56-0 

9-1 

12-2 

1*06 

006 

0-09 

0-51 

TT. 

0-044 

2-8 

0*8 

68-8 

11*<> 

0- 

• 

81-8 

19-6 

82-3 

til 

160 

t 

1*08 

006 

0-15 

0-87 

Tr. 

Tr. 

4-8 

-2-8 

78r9 

18-9- 

J 

6- 

T'r. 

16-6 

10-8 

47-8 

9-8 

9-8 

0*92 

006 

0*09 

0-62 

0- 

Tr. 

0- 

0* 

62*9 

8-8 

0- 

Tr. 

1-4 

Tr. 

70-8 

10-9 

10-6 

0*56 

0-06 

0- 

0-41 

0-012 

0*968 

0* 

0* 

711 

n-r 

0« 

Tr. 

8*4 

8-0 

61-8 

7-8 

8*6 

0*31 

006 

0- 

0-41 

Tr. 

0-868 

0- 

0- 

67-9 

9-8 

0- 

Tr. 

120 

7-7 

70-6 

9-8 

12*7 

0-82 

006 

0-06 

0*66 

0- 

0-064 

8-6 

2-6 

06-8 

9-4 

* 

0-. 

Tr. 

8*8 

6-7 

611 

11-6 

8*4 

0-06 

0-95 

0- 

0*60 

0* 

0-88 

1*6 

1-6 

62-9 

9-9 

1 

0- 

Tr. 

95 

60 

62-6 

10-7 

10-4 

0-62 

0*06 

0- 

0*<i8 

0- 

0-044 

2*7 

1-8 

66-1 

9-9^ 

* 

0- 

Tr. 

10-2 

6-4 

60-8 

12-8 

9-0 

0*96 

0-05 

006 

0-78 

0-; 

T^. 

6-1 

4-8 

49-9 

10-0 

0- 

Tr. 

6-4 

8-4 

64-7 

9-9 

7-5 

0-64 

O-06 

0*06 

0*51 

0-, 

0073 

Tr. 

Tr. 

46-6 

10-6 

0- 

ft. 

11-9 

10*9 

61-1 

10-8 

9-0 

0-71 

006 

0*02 

0-64 

0- 

0-  ' 

2-9 

2-1 

61*9 

9-9 

0-. 

> 

Tr 

11-7 

8-9 

61-7 

10-5 

8*8 

0-87 

006 

0- 

o-fe 

0- 

Tr. 

2*7 

2-2 

61-2 

10-a 

0* 

Tr. 

BotUe 

broken 

Bottle 

>roken 

7*6 

0-46 

0-04 

0- 

0-64 

0- 

H.T. 

H.T. 

H.T. 

68-4 

11-4 

0- 

Tr. 

14-5 

.9-4 

66-6 

10-7 

9*7 

0*66 

0-04 

0* 

0*67 

0- 

0-078 

1-4 

0*4 

68*7 

12*8 

0- 

0- 

9-8 

6-8 

61-5 

10-6 

80 

0-70 

0*04 

014 

0*63 

0- 

e.    . 

4-9 

8-8 

60*0 

8-8 

0- 

0- 

9-0 

6-8 

67-0 

11-8 

8*4 

0-66 

006 

0*11 

0-46 

Tr. 

0-078 

lY. 

lY. 

64-1 

11*2 

0- 

0- 

9-8 

6-4 

49-7 

10-2 

7-9 

0-63 

0*04 

006 

0-66 

0' 

0-087 

0- 

0* 

60*6 

11-2 

0- 

0- 

ll-O 

7-7 

68-6 

11-8 

10*6 

0*66 

0-06 

O06 

0-66 

Tr. 

H.T. 

H.T. 

H.T. 

69-8 

10-4 

0- 

0- 

110 

6-2 

67-6 

11-2 

9-2 

0-68 

0*04 

0-06 

0-66 

0- 

Tr. 

Tr. 

Tr. 

63-2 

18-0 

■ 

0- 

0- 

9-6 

8-0 

661 

10-6 

7*6 

0-71 

0-06 

0-06 

0-76 

0-028 

0-Ot»X 

0- 

0 

60-4 

10-9 

0- 

Tr. 

11-4 

8-6 

66-2 

10-8 

11*4 

0*84 

006 

0- 

0-61 

0- 

0-091 

- 

- 

- 

- 

- 

10-6 

- 

- 

- 

1-07 

0-071 

^, 

0-618 

- 

^ 

2-4 

- 

- 

- 

- 

«-7 

- 

- 

- 

62-3 

78-6 

- 

82-8 

- 

- 

92*6 

- 

- 

- 

1215. 
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ROTAL  OOlfHISSION   ON  SEWAGK  DISPOSAL: 


18  Oct.  1886. 


Table  of  Results  of  Analyses  of  Samples  of  Sewage  and 


(Quantities  stated  in  Grains  per  Gallon.) 


H.— AT  AYLESBURY. 


CSUDE    SEWAGE. 

C0AE8B 

DATE  OF 

: 

Ammonia. 

Oxygen 
abeorbedfrom 
Permanganate 

at80*F. 

SuApended 
cutters. 

DlBaolved 
Solids. 

Ammonia. 

Oufgn 
aibeorbed  from 
PwrnaiMMiite 

atSO^F. 

ooLLEcrioy. 

I 

w 

1 

1 

. 

• 

• 

1: 

• 

•a 

1 

1 

i 

< 

• 

8 
§ 

1 

s 

1 

1 

1 

6 

I 

1 

• 

• 

• 
1 

In  Four  Hoora. 

18  Jan'aary  188d    - 

81 

6*28 

0-67 

0-86 

2-76 

21-8 

14-6 

620 

22*4 

8-9 

4-eo 

0*61 

0*68 

1 

2-14 1 

4Febnuu7l886  • 

12-7 

e>84 

01^ 

2-06 

4-10 

28-1 

18-8 

680 

210 

12-9 

6*80 

0*68 

1*81 

4*20 

18  Febinftry  1888  - 

10-1 

6-64 

118 

1-86 

8-60 

40-7 

28-6 

66-4 

21*8 

10-7 

6-61 

0-68 

0*98 

2*84 

S  Match  1806 

7-8 

5*40 

0-47 

0-78 

3-38 

28-4 

18-4 

67-8 

16*8 

6-2 

8*28 

0-86 

0*80 

1« 

lIMAr;hl886 

60 

488 

0-SS 

0-64 

2*84 

22-8 

14-4 

57-5 

«)*5 

S-8 

8-88 

0*28 

0-84 

1-94 

18  March  1886 

5S 

6-60 

0*48 

0-77 

4*28 

80*0 

26-6 

50-8 

14-0 

60 

8*59 

0*21 

0*69 

2^66 

f&  March  1886 

hh 

418 

0*41 

0-60 

2-82 

27-8 

feoi 

44-4 

14-8 

5-7 

8*68 

0-28 

Q-91 

1-86 

t 

1  AprU  1886 

61 

8-78 

0-86 

0-68 

3'85 

18-6 

13*8 

621 

820 

6-7 

2*86 

0-85 

0*49 

an. 

e  AprU  1886 

8-4 

106 

014 

0-28 

103 

6*0 

1-2 

89*7 

12-0 

4-4 

0-70 

0-07 

0* 

0*86 

14  AprU  1886         •       • 

7-8 

5-85 

0-47 

0-88 

6-U 

28*1 

21*8 

67-4 

88-8 

'6*8 

8-46 

0*28 

0*49 

2*64 

11  April  1888        '       • 

8-8 

6fS 

0-72 

101 

7-80 

38-7 

81*6 

711 

88*8 

7,4 

4*29 

0-44 

0-77 

8*66 

•88  April  1886 

82 

6*86 

0*66 

1-01 

7-21 

867 

28-8 

61-6 

90-9 

7-2 

8-71 

0*40 

0*74 

8*76 

6Ma]rl888  • 

8-8 

617 

0*62 

0-84 

617 

221 

17-3 

71-0 

28-3 

7-7 

8-41 

080 

0*56 

8*48 

4  June  1886  - 

7-8 

4-67 

0-26 

1-88 

3-62 

368 

28*8 

60*7 

16*8 

7-7 

811 

0-28 

0-76 

2*81 

10  Joiie  1886  • 

5-4 

2*06 

0-11 

0-86 

1-76 

0* 

1 

0* 

46*0 

14-8 

5*8 

1*54 

0-06 

0*28 

0*88 

Avarage    -    -    - 

- 

4-78 

1 
0.66 

- 

4-02 

26-7 

- 

- 

- 

8*68 

0*84 

2*46 

Purification  per  cent. 

- 

- 

- 

- 

- 

- 

- 

- 

- 

24-8 

88-2 

- 

88*8 

I.-AT  BLACKBURN. 


7  January  1886    • 

40 

1*22 

019 

0-20 

0-88 

11-5 

18-8 

27-8 

7-8 

8-8 

0-96 

0-14 

0*14 

0-75 

16  January  1886    - 

61 

203 

0-80 

0-69 

211 

20-5 

13*2 

44-5 

11-9 

5*5 

1-44 

0-16 

0-42 

180 

llJanuaryl886    • 

7-0 

2*27 

0*80 

0-72 

2-42 

52-7 

34-1 

45-8 

18*7 

5-7 

1-62 

0-16 

0*64 

1*60 

27  January  1898    • 

6-4 

S-68 

0*88 

0-80 

2-94 

32*7 

24-0 

56-5 

18-5 

8-0 

2-06 

0-80 

0*60 

2*29 

1  February  1898  • 

6-0 

1-89 

0-22 

0-56 

1-65 

29*1 

14-6 

86-7 

7*8 

5*8 

2-24 

0-84 

0-68 

1-76 

18  March  1886 

2*6 

1-05 

0-10 

0-09 

OiJl 

20*4 

8-3 

26-8 

6-6 

2-7 

0-42 

0-08 

0* 

1 
0-46' 

26  March  1886 

4*8 

1 

1-64 

017 

0-87 

2-22 

20*5 

13-8 

40-3 

120 

6-1 

1-54 

012 

0-17 

1*24 

2  April  1886 

1 

;     61 

2-34 

0-30 

0-36 

2-82 

41-9 

81*2 

47-1 

14-7 

6-4 

1*66 

0-24 

0-81 

1-68' 

8  April  1888 

6-2 

1 

2-48 

0-23 

0-41 

2*40 

29-8 

16-2 

51-5 

19-3 

6-4 

1*98 

0-11 

0*80 

1-60 

14  April  1886 

;      4-6 

1*78 

0-19 

0*45 

2-78 

02-5 

81-6 

SS-6 

10-6 

4-7 

118 

Oil 

0*18 

l-66i 

-28  April  1806 

6-6 

2-24 

0-88 

0-85 

3-47 

28-2 

19-4 

50*6 

28-5 

6-0 

1-98 

0*18 

0-48 

i-9e( 

JK)  April  1886 

6*9 

2*41 

0*86 

0-81 

8-88 

31-7 

19-6 

49-4 

in-7 

6-6 

1-81 

018 

0-58 

1 

5  May  1886  - 

6-8 

2-30 

0-27 

0-71 

8-08 

34-0 

22-4 

48-9 

19-0 

6-6 

1-66 

016 

0-44 

ITlJ 

12  May  1886  • 

5-1 

1*47 

0-16 

0*47 

8-17 

371 

19*9 

35-6 

18*2 

6-1 

1-16 

0-18 

0*21 

1-60 

17  May  1886  • 

1        6-2 

200 

0-29 

0-66 

8-83 

81-8 

20-4 

49*4 

20*1 

5-6 

1-47 

0*19 

0*51 

i-ii 

27  May  1898  • 

,        6-0 

1*87 

0-22 

0*60 

2-12 

20*6 

14-8 

40-8 

14-7 

4-9 

1-07 

0-12 

0-28 

0-86 

1  Jnne  1886  • 

■        4-6 

109 

0-21 

0-29 

2-52 

29*0 

19-4 

31*4 

9-0 

4-7 

1-05 

0-10 

0-28 

1-88 

Average    •    •    • 

1          - 

1*98 

0-24 

- 

2-61 

83*2 

- 

- 

- 

- 

1-47 

016 

1-61 

Purification  per  cent. 

1 
1 

- 

- 

- 

- 

- 

- 

- 

- 

25*8 

37-5 

- 

85*9 

MINUTES  OF  EVIDENCE. 
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Efflaents  from  Sewage  Disposal  Works — continued. 


I90ti.i8ttk 


WEEKLY  AVERAGES. 


(Quantities  stated  in  Grains  per  GaUon.) 


BID. 

YINB    BBD. 

NttvotMiaa 

Snipended 
Xatten. 

IMMoWed 
SoUdi. 

AmmonU. 

Abiorbod  from 
Pnrniiiimfutt 

Nitrogen  aa 

Sutpended 
Mattan. 

DtaaolTod 

•itffV, 

,  SoUda. 

1 

s 

• 

I 

• 

• 

1 

• 

1 

• 

1 

i 

• 

1 

a 

• 

m 

1 

a 

i 

5 

S 

s 

^ 

$ 

1 
1. 

1 

()• 

0- 

» 
5-2 

0*0 

88-6 

21-8 

8-6 

2*68 

0*16 

0-47 

1*90 

0*021 

1*00 

0* 

0* 

1 

76*7 

16*2 

1 

4 

Tr. 

8-8 

4-6 

741 

18*8 

0*4 

4-00 

0*23 

0*66 

1*22 

0*021 

Tr. 

Tr. 

Tr. 

68*4 

148 

t 

— 

27-0 

21-6 

71-4 

10*2 

8*2 

4*20 

0*88 

0*19 

117 

0* 

Tr. 

Tr. 

Tr. 

Tr. 

Tr. 

<HM9 

0-080 

2*0 

20 

66-6 

14*4 

60 

1-81 

016 

0*18 

116 

0028 

1-487 

0* 

0* 

66*2 

16-4 

0-OSS 

0- 

8-4 

8-8 

080 

16-4 

6-9 

2-86 

0*21 

• 

0* 

1*80 

0*087 

1-272 

0* 

0* 

67*8 

20*a 

0- 

0- 

8-0 

2-7 

62-0 

16-9 

5-9 

1-96 

0*11 

0-11 

1*88 

0*076 

1*428 

Tr. 

Tr. 

70*8 

21'0 

0-079 

ODOS 

10-2 

10-1 

60*8 

16*0 

60 

1*67 

000 

0-08 

1*06 

0*096 

2*824 

0- 

0- 

60*8 

26*a 

oroa 

0-177 

4-4 

27 

69-8 

181 

6-6 

1-31 

oil 

0-14 

1-03 

0*070 

1-718 

0* 

0* 

77-6 

96*0> 

OHMO 

OSJ76 

Tr. 

Tr. 

68*8 

16-8 

4-9 

0-17 

0*06 

006 

0*67 

Tr. 

1*666 

0* 

0* 

64*9 

28*S 

- 

- 

8*6 

6-7 

B8-7 

17-0 

6-9 

1-32 

0-16 

0-37 

1*48 

0-106 

0-876 

Tr. 

Tr. 

64-8 

16*6^ 

0- 

Tr. 

OiS 

9*0 

67-8 

23-4 

6-4 

1-74 

0-18 

0-31 

1*81 

0*008 

0-098 

0* 

0* 

67*0 

16*S 

0* 

Tr. 

18-7 

10-2 

60-5 

200 

6*^ 

2-62    I     0*26 

1 

032 

2-72 

0112 

1 

Tr. 

Tr. 

Tr. 

60-0 

19*2 

0- 

ITr. 

7-8 

4-8 

64-4 

21-3 

- 

1 

I 

1 

1 
1 

- 

- 

- 

- 

- 

0- 

0- 

8-0 

6-6 

62-1 

181 

71 

1-66 

1 

0-12 

002 

1*37 

0166 

0-768 

0- 

0* 

68*8 

18-6 

0- 

0-087 

Tr. 

Tr. 

1 

47-8 

18-0 

6-0 

004 

0-04 

1 

0*02 

0*64 

0-006 

0*960 

0* 

0* 

61-6 

16*0 

- 

- 

7-8 

- 

- 

2-01         0-16 

- 

1*29 

- 

•« 

0* 

- 

- 

- 

00-6 

- 

- 

68-0 

70-9 

- 

67*9 

- 

- 

100* 

- 

- 

- 

WEEKLY  AVERAGES. 


Tr. 

0090 

Tr. 

Tr. 

10-7 

4-8 

3-« 

0-82 

0-07 

0-06 

0-62 

Tr. 

0-106 

Tr. 

Tr. 

27-3  • 

7*8 

Tr. 

0060 

H.Tr. 

H.Tr. 

42*8 

10-7 

6-4 

1-17 

0-11 

0*28 

100 

0- 

0-042 

Tr. 

Tr. 

41*6 

8*6 

Tr. 

ODOO 

4-4 

2*0 

401 

10-6 

5-6 

130 

0-12 

0*24 

0*96 

0- 

0-016 

1-6 

11 

40*9 

10-1 

0* 

Tr. 

9-1 

7-3 

47-6 

11-9 

7-7 

1-97 

0-24 

0*47 

1*66 

0* 

Tr. 

H.Tr. 

H.Tr. 

49*9 

11*6 

0- 

Tr. 

6*0 

61 

48-1 

6-8 

6*8 

1-67 

0-16 

030 

112 

0- 

Tr. 

2-6 

1-6 

41*6   i 

9*6 

0-042 

0*368 

Tr. 

Tr. 

86-4 

100 

8-8 

018 

0-02 

0- 

0*18 

0028 

0-786 

Tr. 

Tr. 

66*0 

12*0 

0* 

Tr. 

6-8 

41 

30*2 

10-2 

4-9 

118 

009 

0-02 

0-76 

0- 

0*026 

Tr. 

Tr. 

42-6 

11*7 

0- 

Tr. 

6-6 

8-2 

44-9 

13-6 

6-9 

1-20 

010 

0*07 

0*94 

Tr. 

Tr. 

Tr. 

Tr. 

44-9 

11*0 

0* 

Tr. 

7-8 

6*2 

42*6 

14-1 

65 

1-27 

0*00 

0-12 

1*07 

0019 

0*024 

Tr. 

Tr. 

42*4 

12*fr 

0- 

Tr. 

61 

33 

31-9 

100 

4-0 

0-76 

007 

0-06 

0-87 

0049 

0-041 

Tr. 

Tr. 

34-8 

9*7 

0 

0- 

63 

4-7 

40-3 

11-0 

6-7 

0-81 

007 

0-24 

1-02 

Tr. 

Tr. 

Tr. 

Tr. 

42-3 

11-6 

0* 

Tr. 

6*0 

3-4 

41-4 

14-1 

6-9 

0-99 

009 

014 

113 

0-012 

Tr. 

Tr. 

Tr. 

41-6 

12*8 

0* 

Tr. 

3-8 

2-0 

41-0 

12-8 

5-9 

0-84 

0*06 

008 

0-86 

Tr. 

Tr. 

Tr. 

Tr. 

40*6 

10*8 

0-021 

Tt. 

4-7 

20 

860 

10-8 

6-2 

0-44 

0*06 

0*06 

0-84 

0* 

0-144 

Tr. 

Tr. 

39-8 

12*6 

0- 

Tr. 

6-0 

3-6 

40-3 

13-0 

6*5 

0-80 

0-00 

0-10 

117 

Tt. 

Tr. 

Tr. 

Tr. 

41-6 

12-8 

0* 

Tr. 

H.T. 

H.T. 

34-6 

11-4 

4-7 

0-66 

0*04 

0-06 

0-46 

0*088 

0-180 

Tr. 

Tr. 

381 

14*0 

0* 

0* 

4-3 

3-9 

88-7 

10-4 

4-6 

0-60 

0*01 

0- 

0-62 

0-040 

0079 

Tr. 

Tr. 

381 

12*2 

- 

- 

4-2 

- 

- 

- 

- 

0-97 

0-09 

- 

0-88 

- 

0-2 

- 

^ 

• 

.   - 

- 

87-8 

- 

- 

- 

- 

61-0 

02-6 

- 

66-0 

- 

- 

99-4 

- 
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J.— AT  SUTTON,  SURREY.      GRANITE  FILTER,  &c. 

(Quantities  stated  in  Grains  per  Gallon.) 


CKUDS    SEWApS. 

GRANITE    FILTER. 

.  '       J 

DATE  OF 

Ammonia. 

Oxygen 
abaorbed  from 
Permanganate 
:    at80-F. 

Soapended 
Matten. 

DiEBolved 
Solids. 

Ammonia. 

Oxygen 
abaorbed  from 
Permanganate 

at  80'  F. 

.  Nitrogen 

as 

1 

SoBpended 

Makten. 

.1.. 

I>iaK>l¥Wl 

ScMdfl. 

COIiLBCmON. 

1                          < 

• 

1 

s 

1 

i 

1 

■o 

;  o 

•a 

o 

. 

« 

"S 

H 

o 

.  a 

1 

• 

a 

1 

• 

1 

• 

3 

• 

5 

s 
1 

• 

.  G 

• 

1 

«» 

1 

t 

1 
1 

• 

1 

s 

fi  1 

< 

:    N4 

S 

j2 

& 

> 

g 

1 

< 

< 

a 

S 

\e, 

s  ■ 

o 

> 

6 

^ 

7  Febrowy  1808 

m 

$8 

9'2i 

0-60 

s 

0-89 

2-77 

38-S 

25-S 

54-8 

13-4 

5-7 

3-18 

0-16 

005 

0-89 

0-240 

Tr. 

Tr. 

Tr. 

621 

9-7 

17  February  isp 

f4 

6*80 

089 

0-88 

2-78 

87-8 

61-1 

64-8 

17-8 

4-4 

2-64 

0-15 

0-14 

0-70 

0*000 

Tr. 

Tr. 

Tr. 

46*4 

11*7 

10  March  188S     • 

4*4 

3-99 

6-26 

0-65 

2-68 

64-8 

87-4 

58-1 

120 

6-6 

1-48 

0-24' 

0*64 

1-47 

O-OTb 

Tr. 

Tr. 

Tr. 

54-3 

ill 

16  March  1898     • 

' 

- 

- 

- 

- 

- 

- 

- 

9-4 

8-72 

0-81  ■ 

0-73 

4-00 

0-000 

Tr. 

40*8 

29*0 

58*7 

18*5 

Average  • 

6-7 

1 
1 

6*51 

0-88 

0-80 

2-71 

00-S 

41-3 

57-6 

14-4 

6.8 

8-60 

6-21  • 

1 

0-86 

1-76 

0-077 

Jr. 

10*1 

7*2 

6^*6 

11-6 

Poriflcation    per 

1 

t 
1 

• 

■ 

46-2 

44-7 

35-0 

S32 

1 

cent. 

1 

■ 

•■ 

1 

1 
1 

1 

CEUDE    SEWAGE. 

1 

CHALK    FILTER. 

14  October  1898  • 

60 

6*82 

0-6S 

0-75 

4-45 

70-2 

50-8 

68-1 

21-7 

6-6 

6-25 

0-50 

0-62 

8-18 

0-0 

0*0 

Tr. 

Tr. 

(S96 

28-ft 

Pnrlflcatlon    per 

1 

28-0 

20-6 

29-6 

• 

100 

cent. 

1 

■ 

CBUDE    SEWAGE. 

SLATE    FILTER. 

14  October  1898  • 

BO 

1 

6-82 

0*68 

0-75 

4*46 

70-2 

50-8 

68-1 

21-7 

6-5 

6-83 

0-42 

0-96 

8*86 

0-0 

0*0 

Tr. 

Tr. 

62*2 

27'0 

1 

Poriflcation;  per 

1 

1 

7-12 

883 

24-7 

^ 

100 

cent. 

i 
i 

1 

TABLE  of  Results  of  Analyses  of  Samples  of  Crude  Effluent  and  Filtrates  from  Northern  Outfalls. 

J.- AT  BARKING  CREEK.      WEEKLY  AVERAGES. 
(Quantities  stated  in  Grains  per  Gallon.) 


• 

CRUDE   EFFLUENT. 

FILTRATE. 

bate  of 

CULLECnON. 

Ammonia, 

Oxygen  absorbed 
from 

at  80^  F. 

Ammonia. 

Oxygen 
absorbed  from 
Permanganate 

at80-F. 

Nitrogen 

as 

' 

i 

• 

s 
i 

• 

§ 

•** 
< 

1 

a 

• 

1 

• 

1 

< 

• 

-< 

B 

i 
s 

1 

M* 
^ 

M  Sept  to  6  Oct.  1898 

- 

- 

- 

3*631 

- 

- 

- 

2*128 

- 

*08S 

«Oct.  tolSOct.  1808 

- 

- 

2*884 

- 

- 

- 

0-509 

- 

218 

16  Oct.  to  20  Oct.  1803 

^    ) 

- 

3*295 

- 

— • 

- 

0*502 

- 

•117 

«  Oct.  to  80  Oct.  1808 

- 

- 

- 

8-916 

- 

- 

- 

1*447 

- 

-on 

«)Oct.to6Noir.l898 

- 

— 

" 

4*420 

- 

- 

- 

1*646 

- 

•000 

6  Nov.  to  18  Not.  1898      - 

- 

0-894 

- 

4*404 

0*110 

- 

1*286 

I 

•208 

IS  Not.  to  20  Nov.  1898       • 

- 

0*868 

- 

4-122 

- 

0*097 

- 

1*196 

- 

•817 

20  Not  to  27  Not.  1808      • 

- 

0*403 

- 

4-836 

- 

0*091 

1*208 

- 

-241 

^  Not.  to  4  Dec.  1888 

- 

0*467 

•« 

4-882 

- 

0*119 

.     - 

1186 

- 

176 

4  Dec.  to  8  Dec.  1898 

- 

0*486 

- 

4-746 

- 

0-109 

- 

1-070 

- 

•ow 

11  Dec.  to  18  Dec.  1898 

- 

0*401 

- 

3*821 

- 

0*.092 

A 

0*979 

- 

*180 

19  Dec.  to  28  Dec.  1803 

- 

0*898 

- 

4-877 

- 

•191 

1-887 

- 

•OUG 

MINUTES  OF  EVIDENCE. 
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Table  of  Results  of  Analyses  of  Samples  of  Crude  Effluent  and  Filtrates  from  Northern  OutfoXia— continued.         u  Out.  ins. 


J.— At  Barkino  Creek.    Weekly  AvEKkQES—conttntud, 
(Quantities  stated  in  Grains  per  Gallon.) 


CRUDE    EFFLUENT. 

FILTRATE. 

date  of 
collection. 

Ammonia. 

Oxygen  absorbed 
from 

atSO^F. 

Ammonia. 

Oxygen  absorbed 

from 

Permanganate 

atSO'F. 

• 

Nitrogen 

as 

1 

1 

J 

Albuminoid. 

4> 
< 

• 

o 

5 

i 

2 

1 

^ 

« 

1 

< 

• 

s 

3 

1 

1 

7  April  18M 

. 

0*440 

'  *m 

4*684 

0*159 

1*428 

0*780 

14  April  18M 

- 

0-621 

- 

4*627 

- 

0*128 

- 

1*027 

- 

0*212 

21  April  18M 

,- 

0*486 

- 

4*288 

- 

0*106 

- 

0*964 

- 

0*104 

ti  April  18M 

- 

0-607 

-         • 

8-977 

- 

0*107 

- 

0-800 

- 

0*746 

5  May  1894 

- 

0-602 

- 

4  300 

-     - 

0-090 

- 

0*722 

- 

0*106 

12  May  1894 

- 

0-894 

- 

4-106 

- 

0-000 

^ 

0-844 

- 

0-U46 

19  May  1684 

- 

0-808 

- 

8-870 

- 

0-056 

0*814 

- 

0*0413 

26  May  1894 

- 

0-80S 

- 

3*877 

- 

0-059 

- 

0*657 

- 

0*1810 

!!  Jiuie  1894 

- 

0*401 

- 

4*083 

- 

0*086 

- 

0*708 

- 

0*1041 

9  June  1894 

1 

0*808 

- 

8*247 

- 

0-060 

- 

0*611 

- 

00994 

S  Auffiiat  1894     • 

- 

0-866 

- 

8106 

- 

0-094 

- 

0-685 

- 

0-2245 

10  Augoit  1894     • 

- 

0*829 

- 

8-217 

- 

0*081 

- 

0-661 

- 

- 

17  AogiUt  1894     • 

- 

0-882 

- 

8*846 

- 

0*079 

- 

0-661 

- 

— 

24  AogUfct  1894     < 

- 

0-271 

- 

8-182 

- 

0057 

- 

0-661 

- 

- 

tl  August  1894     • 

- 

0-296 

- 

3-604 

- 

0-077 

- 

0-819 

- 

- 

7  Sept«niber  1894 

- 

0*390 

- 

4-496 

- 

0*082 

- 

0*785 

- 

0*0876 

14  September  1894 

- 

0-866 

- 

8-680 

- 

0-087 

_ 

0*712 

• 

0-1841 

21  September  1894 

- 

0-419 

- 

4060 

- 

0*186 

- 

0*767 

- 

0-0682 

24  September  1894 

- 

0-621 

- 

3-540 

- 

0*103 

- 

0*746 

- 

0*1844 

:i  October  1894    - 

- 

0-668 

- 

4-036 

- 

10*244 

- 

0-808 

— 

0*1690 

12  October  1894    - 

- 

0*619 

- 

3-648 

- 

0*248 

0-828 

- 

0*0989 

1»  October  1894    • 

- 

0-439 

- 

4-242 

- 

0-117 

0*781 

- 

0*0676 

20  October  1894    - 

- 

0-460 

- 

3-964 

- 

0132 

- 

0*740 

- 

0*0078 

2  N'ovember  1894 

- 

0-292 

- 

2-497 

- 

0060 

•> 

0*640 

— 

0*8063 

3  November  1894 

- 

0-406 

- 

3-726 

- 

0-089 

'    % 

0-762 

- 

0*3020 

1«  November  1894 

- 

0*269 

- 

2-412 

- 

0-079 

0-491 

- 

0*8618 

4  January  1886  - 

> 

0-447 

- 

6*240 

- 

0-160 

- 

1-190 

- 

1*6386 

12  January  1886  • 

- 

0-484 

- 

4045 

- 

0-162 

- 

1-103 

- 

0-8973 

19  Jazkuary  1896  - 

*• 

0*441 

- 

4202 

- 

0*112 

- 

0-817 

- 

0*9805 

26  January  1886  • 

1 

0*862 

- 

8*762 

- 

0*086 

- 

0*742 

- 

1*1130 

2  Febmary  1896 

- 

0*802 

- 

3*606 

- 

0*088 

- 

0-801 

- 

0*6196 

9  February  1896 

- 

- 

- 

4*016 

- 

- 

- 

0-971 

- 

0-4640 

16  February  1896 

- 

- 

- 

4*281 

- 

- 

- 

0-891 

- 

0*3438 

23  February  1896 

- 

- 

- 

4*967 

- 

- 

- 

1047 

- 

0-0804 

2  March  1896      - 

- 

- 

- 

4*524 

- 

- 

- 

1-293 

- 

0- 

8  April  1896 

- 

0-S70 

- 

3*048 

- 

0*006 

- 

0-810 

- 

1-0166 

9  April  1895 

- 

0-418 

- 

4*006 

- 

0*124 

- 

0-810 

- 

0*6860 

10  April  1896 

- 

0*868 

- 

2-671 

- 

0104 

- 

0-906 

- 

0-6684 

16  April  1896 

- 

0-401 

- 

3^238 

- 

0*128 

- 

0-705 

- 

0-7550 

17  April  1896 

- 

0*261 

- 

8*429 

- 

0*080 

- 

0*762 

- 

0*04<M 

H  April  1895 

- 

0'S43 

% 

4-47G 

- 

0*104 

- 

0-952 

- 

0-8161 

10  April  1896 

- 

0*886 

- 

4*381 

- 

0*080 

- 

1048 

- 

0-7008 

-9)  April  1896 

- 

0-348 

2*857 

— 

0-104 

0  762 

■• 

0-6336 

1213. 
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10  Oct.  1898.       '  Table  of  Results  of  Analyses  of  Samples  of  Crude  Effluent  and  Filtrates  from  Northern  OtttfaUs-^eemef »ii«d. 

J.— At  Barking  Creek.    Weekly  AVERAOiBa-TOOftetntfed 
(Quantities  stated  in  Grains  per  Gh&Uon.) 


CRUDE   E77LUENT. 

FILTRATE. 

DATE  OF 
OOIiTiKCTICW. 

Ammonia. 

Oxygen  absorbed 

frcHu 

Permanganate 

atSiTF. 

Ammonia. 

Oxygen  abaorbed 

from 

Permanganate 

at80*F. 

Nitrogen 

aa 

^ 

3 

i 

• 

& 

a 

• 

1 

a 

• 

1 
1 

e 

J 

s 

1 

4MMyWM 

8*502 

. 

*•            •« 

0*758     . 

iWMjvm 

- 

- 

- 

8-576 

-     • 

- 

- 

0-861      . 

- 

- 

18MA71JBQ6 

. 

- 

- 

8-867 

- 

- 

- 

0-865 

- 

- 

SSKaylBOS 

. 

- 

- 

8-657 

- 

- 

- 

0^862      • 

- 

- 

1  Jane  1805 

. 

- 

- 

4-000 

- 

- 

- 

1-018 

- 

- 

8  June  1806 

- 

- 

8-890 

- 

- 

- 

0-841 

- 

- 

15  June  1805 

_ 

- 

8-247 

- 

- 

- 

0-872      . 

- 

- 

22  June  1805 

. 

- 

- 

8-406 

- 

^ 

- 

0-008      • 

- 

- 

20  June  1806 

_ 

"* 

- 

8-441 

- 

- 

- 

0-666 

- 

- 

6  July  lto6 

_ 

- 

- 

8-576 

- 

- 

- 

0-614 

- 

- 

18  July  1805 

. 

- 

- 

8282 

- 

- 

- 

0-672 

- 

20  July  1B05 

. 

- 

- 

8-210 

- 

- 

- 

0*681 

- 

27  July  1805 

_ 

- 

- 

2-852 

- 

- 

- 

0-400 

- 

- 

S  Augugt  1805     • 

- 

- 

8850 

- 

- 

- 

0-6S8 

- 

- 

10  AugUit  1805     - 

- 

- 

Filter  not  used. 

- 

- 

Filter  not  used. 

- 

17  August  1806     - 

• 

- 

- 

2-810 

- 

- 

- 

0-450 

- 

- 

24Augultl80^    . 

- 

- 

- 

2-028 

- 

—  • 

- 

0-485 

- 

- 

SI  AugUBt  1805     • 

- 

- 

- 

2-670 

- 

— 

- 

0-467 

- 

- 

7  September  1805 

• 

- 

- 

2-6S8 

- 

- 

- 

0-508 

- 

- 

14  September  1805 

- 

•- 

- 

2-673 

- 

- 

- 

0-470 

- 

21  September  1805 

- 

- 

- 

2-746 

- 

- 

- 

0-461 

- 

- 

28  September  1895 

• 

- 

2-880 

- 

- 

■- 

0-401 

- 

- 

Average    • 

.    . 

0-804 

- 

- 

0-108 

- 

- 

* 

Purification  per  ceu 

t.    - 

«. 

^ 

_ 

_ 

72-6 

_ 

1 

77-8 

^, 

_ 

Colonel  DrcAT ;  called  in,  and  Examined. 


Col.  Ducat 
10  Oct.  1808. 


2184.  (Chairman.)  I  think  you  are  Colonel  Ducat? — 
Yes,  mj  lord. 

2185.  I  do  not  know  whether  I  might  ask  you  to  give 
us  a  general  account  of  the  principle  upon  which  your 
system  is  founded  ? — ^I  will.  My  system  of  sewage  purifi- 
cation has  for  its  principle  the  takiug  of  the  sewage  direct 
from  the  sewer,  as  fresh  aa  possible,  and  without  any  pre- 
liminary treatment  with  chemicals  or  otherwise,  submit- 
ting it  at  once,  in  the  presence  of  air,  to  the  action  of 
micro-organisms,  which  break  down  and  liquefy  all  the 
solids,  and  finally  act  on  the  impurities  in  solution.  In 
my  prdcess  I  make  use  of  the  aerobic  microbes  only,  and 
the  main  feature  of  my  inyention  is  that  I  supply  these 
aerobic  microbes,  in  all  stages  of  the  process  of  purifica- 
tion, with  as  mudi  oxygen  as  they  require,  by  natural 
means. 

By  omitting  a  first  treatment  of  the  sewage  in  a  sub- 
merged and  airless  chamber,  as  is  necessary  in  most  of 
the  bacterial  meihods  of  treatment  of  sewage,  I  aroid  all 
cultivation  of  pathogenic  anaerobic  microbes,  any  of  which, 
coming,  as  they  aire  certain  to  do  in  any  sewage  taken 
direct  from  a  sewer,  are  at  once  subjected  to  oonditions 
most  unfavourable  to  their  growth  and  propagation,  and 
to  the  action  of  the  aerobic  microbes  most  inimical  to 
them. 

The  construction  of  my  filter  is  such  that  the  aerobic 


microbes  may  be  said  to  be  acting  on  the  sewage  practically 
in  the  open  air,  and  the  length  of  time  of  exposure  of  the 
sewage  to  treatment  can  be  regulated  to  any  required 
extei^  by  merely  increasing  the  depth  of  the  filter.  The 
sides  or  walls  of  the  filter  are  so  open  and  porous  that  air 
can  pass  freely  through  them,  though  they  are  capable  of 
supporting  and  retaining  the  filtering  material ;  and  air  is 
distributed  throughout  the  body  of  the  filter  by  means  of 
air-pipes,  forming  aerating  layers  at  intervals  over  the 
whole  area. 

The  filtering  medium  itself  is  designed  partly  to  collect, 
cultivate,  and  house  immense  numbers  of  bacteria  to  act 
on  the  sewage;  and  partly  to  minutely  sub-divide  the 
sewage  into  very  thin  films  when  i>aasing  through  it,  and, 
in  this  state,  subject  it  to  the  action  of  the  microbes,  in 
the  presence  of  air.  It  will  thus  be  readily  understood 
how,  by  judiciously  sizing  and  arranging  the  filtering 
material,  the  sewage  can  be  so  finely  separated  and  ad 
obstructed  and  retarded  in  its  passage  through  it,  that  the 
sewage  shall!  be  long  exposed,  in  the  most  attenuated  form, 
to  tihe  purifying  action  of  the  micro-organisms,  under  the 
most  favourable  conditions  conceivable ;  and  bv  slightly 
raising  the  height  of  the  filter  this  purifying  aetion  can  be 
prolonged  to  give  any  required  degree  of  purity  in  the 
affluent.  The  water  hom  no  rivulet  or  cascade  on  a  moun- 
tain side  could  be  more  thoroughly  aerated  and  oxidised  in 
miles  of  natural  channel,  than  sewage  or  water  can  be  in 
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a  few  feet  of  this  filter,  the  flow  through  which  can  be 
made  to  occupy  an  hour  or  more,  during  all  which  time  the 
action  of  milHons  of  carefully  collected  and  slDred  microbes 
is  brought  to  bear  on  any  putrescible  matter  in  the  liquid 
under  treatment.  The  working  of  the  filter  has  been 
designed  to  follow  as  strictly  as  possible  the  working  of 
^Tature  herself,  the  conditions  only  being  intensified  to 
meet  the  artificial  circumstances  under  which  pure  water 
is  converted  into  foul  sewage. 

Sewage  or  water,  subjected  to  treatment  under  the 
above-described  specially  designed  conditions  of  exposure 
to  air,  would,  in  great  c<dd,  become  froeen ;  and  m  the 
ordinary  cold  of  an  English  winter,  sewage,  no  matter  how 
warm  it  may  be  on  arrival  at  the  outfall  of  the  sewer,  must 
in  the  filter,  if  not  provided  against,  soon  be  reduced  in 
temperature  below  37^  Fah.,  the  limit  below  which  bac- 
terial action  is  suspended ;  consequently  arrangements 
have  had  to  be  made  to  effect  the  necessary  aeration  in 
winter  with  air  which  has  been  artificially  warmed.  This 
has  been  done  by  roc^ng  the  filter,  and  screening  the  walls 
from  the  direct  action  of  the  atmosphere  when  the  tem- 
perature falls  below  40^,  and  by  receiving  the  required 
air  supply  through  flues  in  the  filter,  in  which  hot  wat^r 
pipes  have  been  laid,  by  which  means  a  strong  indraught  of 
air  is  caused  by  the  difference  of  the  temperaturea  be^een 
the  air  in  th«  open  and  that  in  the  flues,  and  the  cold 
air,  so  drawn  in,  is  heated  by  the  hot  water  pipes  until  it 
rises  into  the  filter,  and  a  constant  current  of  fresh  air  is 
thus  supplied  to  the  microbes,  and  the  filter  can  be  worked 
with  efociency  in  Canadian  frost.  This  wann  air  supply, 
which  at  first  presented  a  great  difficulty,  has  been  con- 
verted into  an  advantage  that  no  other  filter  possesses,  and 
without  which  no  high  bacterial  purification  can  be  ob- 
tained in  winter. 

2186.  Then  could  you  describe  the  construction  of  your 
filter  ?— The  filter  should  be  raised  on  a  floor  of  cement 
concrete,  sloped  to  drain  from  the  centre  outwards  to  wards 
the  side  walls,  through  which  the  purified  sewage  will  run 
K)Ol  into  an  effluent  channel,  which  should  be  constructed  in 
the  concrete  floor. 

The  main  walls  of  the  filter,  which  may  be  of  any  re- 
quired height,  5  feet,  8  feet,  10  feet,  up  to  15  feet  or  more, 
will  rest  on  the  concrete  floor,  as  a  foundation,  and  may  be 
one  foot  thick,  built  of  agricultural'  drain  pipes,  set  in 
cement,  having  the  necessary  masonry  pillars  or  iron 
fnmework  to  strengthen  them  to  support  the  weight  of 
the  filtering  material. 

On  the  concrete  floor  the  hot  air  flues  also  should  be 
built,  running  transversely  across  the  filter,  and  through 
the  main  wbSb  on  each  side,  and  connected  with  a  small 
boiler  shed,  in  which  the  hot  water  system,  for  use  in 
winter,  will  be  placed. 

The  filtering  material  may  be  of  very  hard  vitrified 
cinders  or  clicker  from  a  furnace  or  refuse  destructor,  or 
of  clean  pebbles,  or  any  other  clean  rough  material  of 
suitable  size  that  will  form  a  good  nidus  for  microbes, 
and  will  not  itse)f  disintegrate  under  the  'necessary  expo- 
sure to  air  and  water.  This  filtering  material  must  be 
riddled  or  screened  to  the  sizes  required,  viz.,  about  ^  to 
^  inch  for  the  upper  part  of  the  filter,  and  about  ^h  inch 
for  the  bulk  of  i^  with  stuff  about  1  inch  in  size  for  the 
drainage  layer  ait  the  bottom  of  the  filter,  and  for  the 
aerating  layers  as  filling  between  the  air  pipes.  X o  very 
fine  grained  material  for  mechanical  screening .  of  the 
sewage  is  necessary  at  all. 

The  main  walls  of  the  filter  should  be  enclosed  with 
removable  shutters,  or  a  thin  brick  wall,  in  whieh  a  number 
of  doors  are  constructed  to  allow  of  th«  admission  of  plenty 
of  air,  and  the  whole  should  be  roofed  over  with  a  light 
iron  or  other  roof,  having  ample  ventilation  in  it. 

The  sewage  will  be  brought  to  the  disposal  works  in  an 
ordinary  covered  sewer,  when  it  will  be  sub-dividefd  into 
smaller  channels  to  suit  the  number  of  filters  required  for 
the  treatment  of  the  sewage  to  be  dealt  with.  On  one 
main  wall  of  each  filter  its  own  feeding  channel  will  be 
built  of  cement,  and  will  be  furnished  with  little  weir 
sluices  and  shoots  discharging  the  sewage  into  iron  dis- 
tributing channels  placed  about  1  to  Ij^  feet  apart,  and 
extending  transversely  across  the  top  of  the  filtering 
material.  These  distributing  channels  will  automatically 
tip  and  discharge  their  contents,  when  full,  and  right 
themselves  again  when  empij,  so  that  no  sludge  will  collect 
and  settle  in  them ;  and  the  whole  working  of  the  filter 
will  be  as  nearly  automatic  as  possible,  human  agency 
merely  being  wanted  to  see  that  no  channel  gets  blocked 
or  f^uls  to  work  propetij,  "When  a  filter  has  been  suit- 
'  abfy  designed  for  lihe  amount  of  sewage  it.has  to  treat,  and 
the  weir  valves  have  been  adjusted  to  the  flow,  no  con- 
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stant  supervision  is  wanted,  as  there  are  no  valves  to  open  Coi.  Dueat., 
or  shut. 

The  sewage  before  being  run  on  to  the  filter  must  be 
subjected  to  the  ordinary  screening  usually  adopted  at 
sewage  disposal  works,  and  for  this  screens  will  have  to 
be  provided,  and  where  there  is  much  road  detritus  to  be 
dealt  with  it  will  be  woUf  to  constmot  suitable  silt  traps 
which  are  simple  and  not  costly. 

2187.  Then  would  you  describe  the  method  in  which 
the  filter  works? — ^From  the  nature  of  the  fiker 
and  its  requirements  it  is  clear  that  it  cannot 
be  constructed  Hke  an  ordinary  submerged 
fiker  of  any  indefinite  size,  but  that  to  secure  per- 
fect aeration  and  for  convenience  of  constructim  and 
working  the  dimensions  of  each  individual  filter  must  be 
limited,  snd  in  working  on  a  large  scaJle  I  would  limit  my 
dimensions  to  126  feet  long  by  Sb  feet  wide,  which  would 
eive  a  filter  capable  of  treating  100,000  gallons  of  sewage 
daily,  and  I  would  make  such  a  filter  as  this  my  unit.  For 
a  town  having  a  million  galfons  of  sewage  daily  to  dispose 
of,  10  units  would  be  wanted,  just  as  for  such  a  town  10 
precipitating  tanks  might  be  required  for  a  precipitation 
process,  and  there  is  no  practical  difficulty  whatever  in 
applying  the  system  to  a  cily  of  any  size,  and  no  risk  or 
uncertainty  of  the  bacterial  action,  as  there  might  be,  if  the 
size  of  the  filter,  and  consequently  the  efficiency  of  its 
aeration,  were  to  vary  indefinitely  with  the  volume  of 
sewage  to  be  dealt  with  in  each  case. 

As  a  general  rule  it  may  be  taken  that  each  square  yanl 
of  filtering  area  will  satisfactorily  purify  200  gallons  of 
sewage  daily,  or  one  acre  of  filter  suffice  for  one  million 
of  gallons  a  day,  and  the  depth  of  the  filter  may  vary 
according  to  the  nature  of  the  sewage  to  be  treated  on  it 
and  the  amount  of  purity  required  in  the  effluent.  Where 
the  effluent  is  to  be  discharged  into  the  sea  or  brackish 
water,  as  at  London,  a  depth  of  filter  of  five  feet  would 
in  most  cases  suffice ;  a  filter  eight  feet  deep  will  give  an 
effluent  pure  enoughi  to  meet  the  requirements  of  any  river 
authority  and  to  go  into  any  stream  no  matter  how  small, 
but  if  the  effluent  is  to  go  into  a  small  stream  the  water  of 
which  is  liable  to  be  used  for  dietetic  purposes,  it  would 
be  well  to  make  the  filter  ten  feet  deep  or  more.  For  the 
treatment  of  the  waste  water  alone  of  certain  trades  a  filter 
12  or  15  feet  deep  may  be  necessary. 

'  In  practical  working  the  action  of  the  filter  is  simplicity 
itself.  The  sewage  is  autinnatically  distributed  over  this 
surface  of  the  filter,  and  the  purified  effluent  runs  off 
through  the  outlets  in  the  bottom  of  the  walls  into  the 
effluent  channel  in  a  constant  flow  without  the  intervene 
tion  of  a  valve  anywhere  or  any  human  agency  to  direct 
the  flow,  the  supervision  of  one  man  over  about  ten  large 
filters  being  recommended  merely  to  see  that  nothing  is 
going  wrong. 

This  constant  flow  and  simplicity  of  action  are  of  more 
practical  value  and  importance  than  may  at  first  sight 
appear.  In  any  submerged  filter  from  which  air  is 
naturally  excluded  it  will  be  found  that  when  the  outlet 
valve  is  first  opened,  and  the  discharge  of  the  filter  is  at 
its  maximum,  the  purity  of  the  effluent  is  very  much  less, 
as  much  as  60  per  cent,  lesa,  than  it  wiU  be  when  the  filter 
is  nearly  empty  and  the  filter  has  become  aerated.  In  the 
first  outflow  it  is  not  uncommon  for  a  smell  of  sulphuretted 
hydrogen  to  be  disagreeably  perceptible,  while  the  final 
draw  off  from  the.  same  filter  may  oe  pure  enough  to  go 
into  a  stream^  and  with  sucl^  constanttv  recurring  varia- 
tion in  purity  as  this,  which  is  unavaidable  in  the  inter- 
mittent discharge  from  a  submerged  filter,  it  is  evident 
that  if  a  uniform  standard  of  purily  is  to  be  maintained  in 
the  effluent,  it  must  be  submitted  to  further  treatments 
Again,  the  simplicity  of  the  constant  flow  requiring  no 
human  agency  to  direct  it,  is  very  important,  not  merely 
ensuring  more  reliable  results,  but  in  some  cases  constitch 
ting  the  difference  between  success  and  failure,  ptaeiical 
working  and  impracticability.  This  will  be  made  more 
clear  if,  with  your  permission,  reference  be  made  to  other 
methods  of  working.  Take,  for  instance,  this  pi%>posed 
treatment  by  eight  or  ten  doable  sets  of  bacterial  filters  in 
an  eight-hour  cycle  ol  rotation,  which  was  one  of  the  recent 
methods*  advo<»teki.  -  By  this  arrangement,  which  was 
adopted  in  supercession  of  a  previonsfy  proposed  one,  in 
which  only  one  pair  of  filters  of  any  indefinite  size  ane 
'required,  was  supposed  to  be  suffltoieni,  it  waa  proposed 
that  in  every  case,  no  matter  thow  small  the  quantity  of 
sewage  to  be  treated  might  be,  eight  to  ten  doable  seta  t^f 
filters  should  be  provided,  and  hSbA  eaoh  filter  in,  its  tuvn 
should  be  filled  in  one  hour,remamfidl  for 'two  hows,  be 
emptied  in  two  houits,  and  remain  empty  for  three  hours 
f(;r  aeration  before  filing  again,  gieaitoatraBS'beiaglt^d  on 
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CM.  Dtuat.  thia  t/hree-honr  period  of  aeration,  which  was  oonsidered 
absolutely  necessaiy  to  give  a  maximum  of  efficiency. 
This  eiglUi-hour  cycle  of  rotation  under  the  unequal  flow  of 
the  aewage  of  a  diBtrict,  rendered  more  Tariable  by  storm 
water,  was  found  in  practice  to  cause  such  complication 
and  difficulty  in  the  opening  and  closing  of  the  valves  in 
the  different  filters  all  through  the  day  and  night  as  to 
be  altogether  unworkable,  and  this  arrangement  was  aban- 
doned. An  attempt  was  then  made  to  adhere  to  the  same 
cycle  of  rotation  and  retain  the  three^hour  period  of  aera- 
tion, but  with  fewer  filters  and  less  complication,  but  this 
also  being  found  impracticable,  aU  pretence  at  Tegular 
aeration  has  been  thrown  aside,  and  continuous  flow 
through  submeirged  tanks,  making  any  aeration  absolutely 
impossible  during  that  time,  has  been  advocated,  so  that 
not  only  has  the  maximum  efficiency  of  ^e  process  been 
lost,  but  all  efficiency  at  times  has  had  to  be  sacrificed  to 
the  practical  difficulties  of  working,  showing  the  impor- 
tance attaching  to  the  simplicily  of  working  of  any  system. 

The  advantages  of  the  simplicity  of  action  of  my  filter 
are  most  marked  in  dealing  with  storm  water,  which,  in 
almost  every  case,  presents  such  difficulty.  In  any  chemi- 
cal process  the  dilution  of  the  sewage  makes  proper  sub- 
sidence of  the  solids  difficult  and  slow,  so  that  the  size 
and  number  of  the  precipitation  tanks  has  to  be  increased 
to  give  sufficient  period  of  quiescence  to  allow  of  precipi- 
tation at  all,  and  the  size  of  the  ordinary  submerged  filters 
must  be  increased  to  enable  filtration  to  be  carried  on. 
This  provi^on  for  dealing  with  storm  water  is  so  costly 
that  it  is  seldom,  if  ever,  made ;  and  Manchester,  in  their 
last  year's  report,  state  that  on  twenty-one  occasions 
during  the  year,  for  a  total  period  of  128  hours,  they  sus- 
pend^ all  treatment  of  the  sewage  of  the  city.  In  any 
bacterial  treatment  of  sewage  in  submerged  filters  and 
cycles  of  rotation  for  aeration,  the  coot  of  the  filters  will 
be  increased  by  about  60  per  cent.,  and  the  difficult  of 
working  is  so  great  as  to  be  almost  insuperable.  Li  a 
complete  anaerobic  process  such  as  that  oi  the  septic  tank, 
where  the  sewage  must  necessarily  stand  for  many  hours 
subject  to  the  (Kytion  cl  the  anaerobic '•uicrobes,theie  does 
not  seem  to  be  any  solution  of  the  difficulty  of  treating 
storm  water.  If  the  storm  water  is  allowed  to  enter  the 
septic  tank  at  al,  it  must  displace  a  like  quantity  of 
undiluted  and  partially  treated  sewage ;  and,  assuming 
that  the  tank  is  designed  to  hold  twenty-four  hours'  flow 
of  normal  daily  discharge,  and  that,  say,  2^  times  the 
normal  bulk  of  sewage  is  to  be  treated  in  time  of  storm,  it 
follows  that,  at  the  commencement  of  a  storm,  the  whole 
of  the  undiMted  sewage  in  the  tank,  requiring  properly 
twenly-four  hours  to  complete  its  clarification,  niay  be 
washed  out  into  the  river  in  an  hour  or  two  in  a  high  state 
of  putrefaction,  and  the  tank  may  be  filled  with  cold  rain  ^ 
water,  so  little  diluted  with  sewage,  as  to  greatly  retard 
anaerobic  action ;  consequently  after  every  single  storm  of 
rain,  not  only  will  the  river  be  dangerously  polluted  at 
the  time,  but  it  wiU  be  many  dsjs  before  the  tank  will 
recover  its  tone,  and  give  its  maximum  efficiency.  Now, 
in  the  case  of  my  filter,  no  difficulty  arises,  and  purification 
will  continue  much  as  usual.  The  rain  water  does  not  add 
to  the  impurities  in  the  sewage,  which  is  what  the  microbes 
have  to  deal  with,  and  the  dilution  of  the  sewage  will 
make  it  easier  to  purify.  The  filtering  material  is  so  open 
that  2^  times  the  normal  sewage,  or  even  a  much  larger 
dilution,  could  pass  through  it  without  the  slightest  diffi- 
culty, and  the  rate  of  filtration  would  still  be  slow  enough 
for  the  microbes  to  act  satisfactorily,  and  my  filter  thus 
gets  over  the  storm  water  difficulty,  as  no  other  known 
process  can  do. 

In  practical  working  my  filter  offers  unique  advantages 
to  a  Sanitary  Authority  using  it,  to  a  Biver  Authority 
whose  duty  it  is  to  guard  against  the  pollution  of  iKs 
streams,  and  to  the  country  generally,  which  is  deeply 
interested  in  the  purity  of  the  rivers. 

To  the  Sanitary  Aui^riiy  of  a  district,  its  extraordinary 
■implicrly  and  economy,  when  known  and  understood, 
<^ust  recommend  it  'high^.  The  first  outlay  on  the  filters 
will,  I  believe,  in  most  cases  be  less,  flenerally  much  less, 
than  the  necessary  outlay  on  the  works  of  any  other  effi- 
cient method  of  sewage  disposal,  and  ^e  cost  of  the  actual 
treatment  of  the  sewage  is  so  small  as  to  leave  liltle  to  be 
desired.  No  ohemicate  are  used,  no  sludge  has  to  be  pre- 
cipitated or  deaH  with,  consequently  no  sludge  pumps  or 
presses  have  to  be  provided  or  worked,  no  washing  or  re- 
newing of  tiie  fiherinff  material  is  necessary,  and  the 
manuS  labour  required  is  reduced  to  a  minimum,  one 
man  can  superintend  the  purification  ot  one  million  gallons 
daily,  and  this  man's  wages,  with  a  small  bhsige  for  coke 
to  warm  the  air  supply  in  winter,  and  such  small  cootin* 
gent  chaig^  as  avs  insepacable  from  all  works  of  this 


nature,  wiU  comfmse  the  entire  expenditure.  To  put  the 
cost  of  construction  of  the  filter  and  the  expense  of  purify- 
ing sewage  into  actual  figures  which  can  be  relied  on,  is 
very  difficult,  practically  impossible,  as  the  local  condi- 
tions and  prices  of  labour  and  materials  vary  so  much ; 
but  taking  what  I  think  is  a  fair  average  over  England, 
the  following  may  be  taken  as  the  estioiated  cost  of  a  filter 
to  treat  100,000  gallons  a  day,  and  the  expense  of  purify- 
ing sewage,  when  working  on  a  fairly  large  scale,  viz.. 
Masonry  of  filter,  with  clinker  filfing,  per  square  yard, 
say,  £1  10s. ;  distributing  channels,  say,  36. ;  roof,  say, 
68. ;  heating,  say,  15s. ;  total,  £2  14s.,  say,  £2  15s.  to  £3 
per  square  yard  of  filter. 

Cost  of  purifying  per  million  gallons : — 

One  man,  at  28s.  a  week,  4s. ;  fuel,  5s.  a  day — for  six 
months  in  the  year,  2s.  6d. ;  contixigencies,  say,  6d.  ; 
total,  7s.  per  million,  or  l-12d.  per  1,000  gallons  of  sewage 
purified.  It  will  be  understood  that  the  above  is  for  the 
cost  of  purification  only  of  an  ordinary  sewage.  If  the 
sewage  to  be  treated  contains  an  unusual  amount  of  road 
detritus,  thiere  will  be  no  difficulty  whatever  and  very  small 
expense,  either  in  works  or  labour,  in  dealing  inth  it ; 
but  the  cost  of  its  removal,  such  as  it  may  be,  will  be 
extra.  The  above  charges  would,  in  all  ordinary  cases, 
cover  the  cost  of  treating  a  sewage  with  trade  waste  in  ir, 
but  it  is  not  possible  to  say  what  extra  expense  might  be 
incurred  in  very  special  instances.  In  the  case  of  an  acid 
sewage,  the  addition  of  a  Mttle  lime  in  the  sewer  to  neu- 
traliM  the  acid,  would  be  a  very  small  matter  and  scarcely 
add  appreciably  to  the  expense  of  purification ;  in  the 
case  of  such  a  sewage  as  that  of  Wol'vethampton,  it  might, 
I  do  not  say  ^at  it  certainly  would,  be  necessary  to 
neutralise  with  lime  and  precipitate  the  iron  with  the 
sludge ;  in  which  case  the  additional  cost  would  be  con- 
siderable, but  'the  effluent  could  stOl  be  purified  more 
perfectly,  and  at  less  expense,  than  it  could  be  by  any 
other  process.  It  does  not  follow  that  a  sewage,  contain- 
ing a  mixture  of  the  waste  of  many  trades,  b  difficult  to 
treat,  but  in  most  oases  of  that  kind  it  woiild  be  safer  to 
erect  a  small  trial  filter,  and  ascertain  practically  what 
preliminary  treatment,  if  any,  is  necessary  to  get  good 
results. 

Now  to  compare  the  cost  of  purification  by  my  filter 
with  other  methods  of  treatment  I  will  mention  a  few 
cases,  if  I  may  be  permitted  to  do  so.  At  Manchester 
they  pay  comparatively  litUe  for  their  sewage  disposal ; 
in  1896  the  cost  per  million  was  £2 14s.  3d. ;  and  in  1897« 
by  reducing  the  amount  of  chemicals  used  for  predpifca- 
tion,  the  cost  was  reduced  to  £2  lis.  9d. ;  but  it  is  rtated 
in  their  Annual  Beport  that  th^  did  not  produce  an 
effluent  up  to  the  standard  of  purity  required  by  the 
Mersey  and  Irwell  Joint  Bivers  Board  on  one  single  day 
in  the  year ;  consequently  as  they  did  not  render  their 
sewage  non-polluting,  as  they  did.  not  satisfy  the  Biver 
Authority,  and  as  they  have  not  saved  themselves  from 
legal  proceedings,  the  results  cannot  be  considered  satis- 
factory. In  London  the  cost  of  partial  purification 
amounts  to  £3  13s.  617d.  per  nulhon,  and  the  Joint 
Sewerage  Board  at  Bichmond  in  Surrey  spend  £3  4s.  lOid. 
per  million ;  but  both  these  authorities  discharge  their 
effluent  mto  the  tidal  water  of  the  Thames,  and  do  not 
aim  at  Wgh  purification ;  but,  I  Relieve,  both  are  anxious 
to  improve  on  the  results  they  obtain.  When  we  come 
to  effluents  discharged  into  streams,  we  find  that  at  Wey- 
bridge  and  Oatlands,  with  modem  and  good  works,  they 
spend,  in  chemicals  alone,  £2  15s.  per  mHlion  gallons,  and 
this  will  not  represent  nearly  half  the  coat  of  their  sewage 
disposal!;  at  "Wood  Green  the  cost  per  million  is  £5  7b.  8d. ; 
at  Hendon  they  are  now  paying  more  than  £7  per  million 
gallons ;  at  Hertford  the  cost  oi  their  sewage  disposal  is 
about  £9  per  million ;  and  at  Willesden,  where  they  have 
very  lately  erected  at  great  cost  works  on  the  lateiM^ 
pattern  for  treatment  on  what  was  known  as  the  Inter 
national  System,  the  cost  of  purification  per  million  laigely 
exceeds  any  of  those  mentioned  above,  and  the  resulting 
purification,  though  the  effluent  is  treated  over  a  large 
area  of  land,  is,  I  understand,  not  particularly  high  or 
satisfactory. 

From  a  pecuniary  point  of  view  tbere  can  be  no  doubt 
of  the  advantages  gained  by  a  Sanitury  Authority  adopt- 
ing my  system  if  really  anxious  to  purify  their  sewage— 
but  this  is  not  the  only  gain.  Where  the  purification  has 
to  depend  largdy  on  human  agency,  the  Authority  mu* 
be  at  the  mercy  of  their  servants,  and  where  chemicals 
have  to  be  added,  so  many  grains  to  th^  galbn,  the 
greatest  nicety  is  necessary  to  adjust  the  quantity  of 
chemicals  to  the  ever  varying  quantity  cl  sewage  coming 
down  the  sewer,  and  this  nicety  it  seldom  even  atmrd  at. 
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mixoh  less  attained,  but,  on  the  contrary,  the  Sewage 
Works  Superintendeiit  frequently  stints  his  chemicals  to 
show  liow  carefully  and  economically  he  can  work,  with 
the  result  that  pollution  of  the  river  takes  place,  and  the 
reputation  of  the  Sanitary  Authority  suffers. 

The  benefit  to  a  Biver  Authority  (will  be  great,  in  that 
the  supexTision  now  so  necessary  to  prevent  scamping  and 
hidden  pollulioh,  will  be  so  reduced  and  simplified  as  to 
be  little  trouble  or  expense,  and  the  total  and  absolute 
purificaition  of  all  the  sewage  of  a  district  so  far  ensured, 
that  it  will  (be  actually  more  trouble  to  divert  and  not 
treat  the  sewage  than  to  run  it  through  the  filter  and  treat 
it  satisfadtorily.  At  present  the  cost  of  treatment  of 
sewage  is  so  great  that  the  temptation  to  pass  it  surrepti- 
tiously into  a  stream  and  so  save  chemicals,  sludge,  and 
the  other  expenses  of  the  process  employed,  U  too  strong 
for  the  morality  of  most  Superintendents  of  Sewage  Works, 
and  those  who  succumb  to  this  temptation,  being  ahraya 
on  the  works,  and  studying  how  to  evade  their  duty, 
naturally  become  adepts  at  deception  and  concealment, 
and  it  requires  a  very  clever  Ixispector  lo  detect  their 
backslidings  on  his  casual  and  naturally  rather  hurried 
visits.  The  facility  withi  which  inpection  can  be  baffled 
was  illustrated  at  Coventry,  where,  for  years,  the  treat- 
ment of  their  sewage  was  exhibited  to  experts,  not  only 
in  England,  but  from  aU  parts  of  the  Continent,  who  went 
away  quite  convinced  that  2^  millions  of  gallons  of  sewage 
daily  could  be  perfectly  treated  and  purified  on  8  acres  of 
land  if  properly  prepared  and  worked.  It  fell  to  my  lot 
afterwards  to  ascertain  that  during  all  those  years  only 
70,000  gallons  out  of  the  2,250,000  gallons  daily  ever  went 
to  the  8  acres  of  land  at  all,  and  that  the  whole  of  the  rest 
was  discharged  direct  and  untreated  into  the  river  through 
a  hidden  channel  under  the  works.  This  is  only  one  of 
many  instances  I  have  known  of  like  deceptions  which 
have  been  very  difficult  to  trace. 

Again,  in  the  case  of  polarite,  advantage  has  been  taken 
of  the  peculiar  property  possessed  by  this  material  absorb- 
ing and  giving  off  oxygen  to  delude  people  into  belief  that 
a  filter  of  this  substance  can  purify  1,500,  2,000,  andieven 
6,000  gallons  of  sewage  tank  effluent  per  square  yaid  pw 
diem.  It  is  possible  that  such  quantities  can  be  paesedH 
throusfa  a  polarite  filter  for  half  an  hour  or  so  while  there 
is  still  oxygen  stored  in  it,  and  by  this  means  a  filter  th«4 
has  been  carefully  prepared,  dried,  and  aerated  caii  be 
utilised  during  the  short  period  of  an  Inspector's  visit,  but 
after  a  few  hours'  working  no  more  purification  will  take 
place  until  the  filter  has  had  a  rest  long  enough  to  dry 
it  thoroughly  throughout,  and  aUow  the  absorption  of 
fresh  oxygen,  and  in  thfO  meanwhile  pollution  takes  place. 
Under  these  conditions,  and  with  several  filters  previbusly 
prepared  and  kept  ready,  an  Inspector  would  have  to 
spend  many  hours,  probably  more  than  a  whole  day,  to 
detect  poUutaon  and  trace  its  cause.  This  pollution  is 
certainly  going  on  undetected  to  this  day 

There  are  very  few  Sewage  Works  throughout  the 
country  where  a  back-door  is  not  provided  by  which, 
during  an  Inspector's  visit,  thfS  flow  of  sewage  can  be 
reduced,  and  an  improved  effluent,  for  a  sample,  be  pro- 
duced when  wanted ;  and  by  which  at  other  times  the 
cost  of  treating  the  bulk  of  the  sewage  can  be  saved 
altogether.  And  this  scamping  is  quite  as  common  in  the 
etme  of  Sewage  Farms  as  in  Precipitation  Works,  and. 


owing  to  the  larger  area  to  be  inspected,  is  more  difficult  cd.  Dumt. 
to  detect.    I  have  found  the  whole  sewage  of  a  district  ^^  oet~i8i» 

being  discharged  direct  into  a  stream  through  one  of  the      L_ 

farm  carriers,  because  the  Gr<^s  of  the  land  were  ripe, 
and  to  irrigate  with  sewage  would  do  them  harm. 

Now  in  the  case  of  my  filter  none  of  these  difficulties 
could  occur,  and  an  Inspector  can  see  at  a  glance  all  that 
is  going  on.  He  can  see  the  sewage  coming  on  to  the 
filter,  and,  in  about  half  an  hour,  can  see  the  same  sewage 
running  out  of  the  filter  purified,  and  can  tell,  withi  cer- 
tainty, what  purification  is  being  obtained.  The  benefit 
to  the  whole  country  will  be  great,  in  that  the  purificalion 
of  sewage  will  be  made  so  cheap  and  simple  that  univarsal 
purification  can  be,  and  ought  to  be,  enforced,  and  all 
inducement  and  all  facilities  for  scamping  being  removed,^ 
the  rivers  throughout  the  land  should  be  really  purified 
at  aU  times. 

2188.  Where  could  we   see   your  process  in  opera- 
tion?— At  Hendon  at  present      The  process  of  purifi- 
catioQ    by    my    method    can    be    seen    in    work   at 
Hendon,     where    a    continuous    flow   of  about    3,000 
to  4,000  gallons  of  sewage   is   being   daily  treated   on 
each  of  the  two  filters  there  erected.    The  sewage  of 
Hendon  is  a  very  crtvong  domestic  sewage  (nearly  every 
house  in  the  district  being  fitted  with  a  water-Ksloset), 
mixed  with  a  most  troublesome  trade  refuse  from  the 
laundry  factories,  of  which  a  large  number  are  to  be 
found  in  Hendon  for  the  laundry  work  of  London.     This 
refuse,  consisting  of  the  waste  from  cli^emical  soap,  so 
freely  used  in  laundry  work,  is  very  greasy  and  difficult 
to  deal  with,  as  is  shown  by  the  fact  that  the  International 
treatment  would  not  purify  it,  and  by  the  elaborate  but 
not  vei^  successful  treatm^it  now  adopted,  by  which,  after 
a  double  admixture  of  chemicalb  and  the  precipitation  of 
sludge  in  very  large  and  perfect  tanks,  the  sewage  is  twice 
filtered,  once  through  sand,  coke,  and  burnt  ballast  filters, 
and  finally  through  polarite  filtero.       This   treatment, 
which  admittedly  costs  the  ratepayers  over  £7  a  million 
gallons  does  not  give  results  equal  to  those  from  my 
filter.      My  experimental  filters  at  Hendon  are  not  v«ry 
large,  but  they  perfectly  and  fuUy  represent  my  method 
of  treatment;   they  treat  a  continuous  flow  of  sewage, 
day  and  night,  just  as  the^  would  do  the  total  sewage  of 
a  small  district,  and  the  principle  would  not  ifequire  to  be 
changed  in  any  way  whatever  to  treat  the  sewage  of 
liondon;   each  individual  filter  would  be  made  a  little 
larger,  viz.,  126  feet  long  by  36  feet  wide,  or  three  times 
the  width  of  the  filter  at  Hendon,  and  of  the  same  depth, 
to  treat  100,000  gallons  a  day  eaoh,  and  the  number  of 
such  filters  would  be  multiplied  to  deal  with  the  quantrty 
of  sewage  to  ^be  treated,  whatever  the  quantity  miffht  be ; 
but  no  working  detail  would  need  to  be  changed  in  the 
least  from  the  examples  shown  at  Hendon. 

The  sewage  tA  Hendon,  by  analysis,  is  one  of  the  worst 
in  England,  about  ten  times  worse  than  the  sewage  of 
London,  and  about  the  same  in  character  as  that  a 
Nuneaton,  where  the  trade  refuse  from  the  hat  making 
industry  giyes  very  much  the  same  kind  of  greasy  sewage 
which  is  there  found  so  difficult  and  so  expensive  to  treat. 

I  attach  anahpees,  both  chemical  and  bacterial,  of  the 
sewage  and  of  the  effluent  from  my  filtor  at  Hendon^ 
which  I  win  leave  to  speak  for  tiliemselves. 
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Sinoe  I  preptfed  the  foregoing  I  have  reoeived  this 
paper  tiiia  mozning.  I  was  not  aware  that  the  expeziment 
ma  being  made. 

Oct  4th  1898. 
(A.)  Ice  of  Hendon  crude  sewage  li^jected  subcata- 

neoualy  into  a  guinea-pig  by  Dr.  Klein  (A). 
(B.)  Ice  of  the  efBuent  from  Colonel  Dusat's  aerated 

bacterial  filter,  injected  subcutaneously  into  a 

guinea-pig  by  Dr.  Klein  (B). 

The  following  dav : 

fA.)  Larse  swelling  and  very  (luiet. 
B.)  Slignt  swelling,  no  uneasiness. 

Third  day: 

(A.)  Dead.    Appearances  partly  typical  of  malignant 

oedema  and  partly  of  Ententidis. 
<B.)  Swelling  disappeared,  eating  well. 

Pinal  note  : 
(R)  Completely  recovered. 

A.  C.  Houston,  M.B.,  D.Sc. 
Oct  19th  1898. 

2180.  {Sir  Bickard  Thome,)  Might  I  aak  onei  question 
before  we  depart  from  these  tables  that  Colonel  Ducat 
puts  in.  I  notice  that  the  tables  relate  to  the  examina- 
tion of  crude  sewage  as  supplied  to  the  filter ;  seoondly, 
of  effluent  from  the  aerated  bacterial  filter,  which  I 
presume  is  ilie  filter  you  have  described  to  us? — ^It  is. 

2190l  And  then,  thirdly,  what  you  have  not  described 
to  us,  of  an  effluent  from  a  secondary  sand  filter? — That  I 
have  discarded ;  it  was  an  experimental  thing.  I  thought 
it  might  improve  matters  to  put  it  through  a  secondary 
filter  of  sand,  but  we  have  gone  backwards  instead  of  for- 
wards. 

2101.  Then  you  are  not  attaching  any  importance  to 
tiiat  whatever  V—'So. 

2102.  (Chairmobn,)  Are  you  anxious,  as  a  matter  of 
prin^ple,  to  eliminate  anaerobic  microbes  altogether? — 
Certainly. 

2103.  Do  you  believe  that  anaerobic  microbes  are  mis- 
chievous things  in  themselves  ? — ^I  believe  they  are,  most 
of  them. 

2104.  And  therefore  you  believe  that  any  anaerobic 
treatment  must  be  attended  with  some  danger  ? — That  is 
my  opinion.  And  I  might  say  here  that  the  reason  why  I 
bdieve  that  sand  filter  failed  is  because  it  is  anaerobic.  It 
was  a  filter  that  you  fed  from  below — ^upward  filtration  ; 
the  filter  was  submerged,  and  as  a  proof  it  has  depreciated 
all  the  way  round,  it  has  not  given  such  good  results  as  I 
had  from  a  single  filter. 

2106.  (Professor  "Ramsay,)  Was  the  sand  filter  sub- 
sequent to  the  ot^er  filter? — Subsequent  to  the  other 
filter. 

2106.  Not  substituted  for  it? — So,  subsequent;  to 
filter  the  filtrates  from  the  first  one. 

2107.  (Chairman,)  Tou  have,  as  I  understand,  screens 
to  your  filters  to  keep  back  the  solids? — I  have  the 
ordinary  screens,  as  you  have  in  all  sewage  works  as  a 
rule ;  I  do  not  profess  to  treat  boots  and  brushes  and 
things  of  that  sort. 

2108.  But  the  solids  that  are  kept  back  by  the  screens 
must  accumulate  behind  those  screens  ? — ^A  screen  is  used 
in  almost  every  sewage  farm,  and  it  is  cleaned  almost 
every  day  with  a  rake. 

2100.  It  is  cleaned  out  every  day  ^-It  is  cleaned  out 
every  day ;  it  is  a  very  small  matter ;  there  would  proba- 
bly be  a  wheelbarrowful  or  twa 

2200.  But  supposing  you  were  dealing  with  an 
enormous  amount  of  sewage,  cleaning  out  the  solids  every 
day  would  not  be  a  very  small  affair  ? — Of  course  it  would 
be  in  proportion  to  the  amount  of  the  sewage,  naturally ; 
you  cannot  treat  the  sewage  from  a  large  town  without  a 
certain  outlay,  of  course. 

2201.  Tou  have,  of  course,  to  prevent  the  solids  getting 
on  to  your  filters  ?— I  would  not  say  that  I  have  had 
large  pieces  of  foacal  matter.     I  have  had  a  fowl's  head 

and  iiiingB  of  that  sort,  but  it  is  to  take  out  the  bigger 
things  which  cannot  go  into  the  filter  itself.  As  a  matter 
of  fact  the  screen  retains  very  little  of  the  fodcal  matter 
or  anything  of  that  sort,  and  there  is  a  very  large  amount 
of  sludge  in  the  sewage  that  comes  on  to  the  filter ;  it 
does  not  practically  lessen  the  sludge  at  all,  or  very 
slightly  indeed. 

2202.  What  is  the  size  of  the  Fcreen  ? — ^About  ^in.  or- 
dinary straight  rails,  about  half-an-inch  apart.    Of  courri!, 

1213. 
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I  must  not  mislead  you.    I  say  that  would  be  the  screen,   cw.  xhmoi. 
What  I  have  at  present  is  a  wire  rose,  because  I  have  only 
this  small  filter,  standing  in  the  sewer  I  have  a  rose  ot 
wire  about  ^in.  mesh. 

2203.  Aa  regards  storm  water,  of  course  in  case  of 
a  storm  the  flow  through  the  filters  must  be  veiy  mudi 
accelerated  ? — It  would  be,  of  coarse. 

2204.  But  you  do  not  think  that  that  would  affect  t^e 
quality  of  the  effluent?— We  have  just  had  very  heavy 
rain  at  Hendon ;  the  sewage  g^erally  flows  under  a  head 
of  about  three  inches ;  it  has  been  flowing  under  a  head 
as  much  as  this  table,  two  feet  six  inches,  and  it  has  not 
made  the  slightest  difference. 


2206.  You  think  that  owing  to  the  dilution  of  the 
sewage  the  effluent  is  as  good  aa  the  effluent  that  comes 
from  the  filters  in  an  ordinary  time,  although,  d  oourte, 
it  passes  through  much  more  quiokiy? — ^I  do  not  think 
there  is  any  perceptible  difference.  £b  might  not  perhaps 
analyse  quite  so  highly.  Tou  see  I  have  analyses  here  of 
more  than  twice  the  purity  required  by  the  Rivers  Board, 
and  I  have  not  the  slightest  doubt  that  an  effluent  which 
will  analyse  well  within  the  mark  of  what  tiie  Rivers 
Board  requited  will  be  obtained  even  in  storm. 

2206.  What  is  done  with  the  eolida ;  are  they  put  back 
into  the  earth ;  are  they  used  as  manur^  or  anything  of 
that  sort  ? — ^They  do  not  exist ;  they  are  all  liquefied. 

2207.  But  I  mean  the  solids  kept  back  by  the  screen  ? — 
Tes,  they  are  dug  in. 

2208.  Your  sewage  effluent — ^what  becomes  of  that? — 
That  now  runs  into  the  River  Brent 

2200.  No  use  is  made  of  it? — It  is  full  of  manurial 
value,  but  at  present  I  do  not  use  it.  But  it  has  as  much 
manuiial  value  as  any  raw  sewage,  in  a  much  more  con- 
venient form  for  plant  life. 

2210.  It  would  have  a  manurial  value? — A  very  high 
manurial  value. 

2211.  (Mr.  KiUiek,)  Is  thai  the  largest  installation  you 
have  erected  at  Hendon  ? — ^Yes. 

2212.  How  long  have  they  been  in  work  ? — WeU,  it  is 
difficult  to  say  quite.  I  think  my  cinder  filter  has  becm 
working  continuously  since  April ;  the  pebble  filter  has 
been  changed  on  and  off  at  different  times,  but  a  little 
longer,  I  think.  I  had  to  stop  the  pebble  filter  for  some 
time,  because  they  were  cleaning  their  sewer  at  Hendon. 
It  is  a  large  iron  sewer,  and  they  had  about  16in.  in  it  of 
road  detritus  at  the  bottom ;  in  the  manhole  from  which 
tny  filter  draws  its  supply  they  put  up  the  apparatus  for 
raking  these  sewers,  and  they  closed  my  pipe  for  mo  for 
about  a  month  or  six  weeks,  and  did  me  a  good  deal  of 
harm. 

2213.  It  is  rather  difficult  to  judge  whether  the  filter 
has  lost  capacity  to  any  extent  ?---It  is  at  present,  but  I 
worked  my  filter  last  year  before  I  drew  the  coke  from 
March  to  November,  and  there  was  not  the  slighteat  de^ 
preciation  of  any  kind.  In  fact,  my  effluent  got  better 
and  better. 

2214.  Do  you  suppose  it  would  be  necessary  to  dean  it 
from  time  to  time  ?--I  think  not.  Whether  it  will  ever 
be  necessary  to  rest  them  a  little  I  do  not  know.  At 
present  I  never  do  rest  them.  I  do  not  think  anything 
is  gained  by  it 

2215.  For  the  ordinary  amount  of  purification  required 
by  the  Rivers  Boards  the  filter  alone  with  the  screen  for 
solids  would  be  quite  sufficient  in  your  opinion  ? — ^I  think 
do,  ample. 

2216.  Without  any  tinnl  sand  filter  ? — Certainly  ;  the 
sand  filter  is  a  drawback. 

2217.  Have  you  tried  your  system  upon  trade  effluents  7 
— ^I  consider  that  this  is  a  very  difficult  trade  effluent. 

2218.  Of  course  it  is  a  very  peculiar  trade  effluent  ? — 
It  is  a  peculiar  trade  effluent,  but  it  is  one  that  has  given 
more  trouble  in  different  parts  of  the  country  than  o&ers. 

2210.  The  soap? — Yes,  greasiness. 

2220.  Albuminoid  ammcmia  in  the  raw  sewage  is  not  Tery 
heavy  7 — In  this  particular  instance  it  is  not,  but  I  have 
had  others  in  which  the  ammonias  have  been  very  high  : 
in  this  case  it  is  comparatively  small.  But  1.6  is  not  a 
particularly  small  amount  of  albuminoid  ammonia ;  I  have 
known  many  sewages  only  in  decimals  at  all. 

2221.  In  wool  works,  tanneries,  feUmongers,  it  ia  veiy 
high  7— Yes. 

2222.  Do  you  think  it  will  take  a  fellmongei^^  Afflneni 
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CoL  Dueat.  ftnd  treat  it  satiafactorllj ;  it  would  haye  very  high  albu- 
minoid ammonia? — ^I  see  no  objection  whatever  to  the 
ammonia — ^none. 

2223.  {Colonel  Harding.)  Would  yxm  be  good  enough 
to  explain  to  us  a  liMde  more  in  detail  the  construction  of 
your  filter? — ^Will  you  kindly  look  ait  the  section?  Th>e 
section — ^you  notice  the  bottom  of  it  is  a  concreite  floor, 
about  nine  inchos  of  concrete,  laid  across  the  floor,  with  a 
slope  to  the  outer  door  from  the  centre.  On  the  concrete 
floor  you  have  these  side  walks  built,  which  are  all  open 
single  agrioultural  tiles,  a  foot  thick,  with  tiles  having  a 
siLglit  Ao^Q  ;  they  are  set  in  cement.  On  the  floor  of  the 
filter,  at  mtervate  of  a  yaid  or  two  yards — ^that  would  vary 
according  to  the  temperature  of  the  place  you  are  working  in 
— are  air  flues  ;  in  a  veiy  cold  country  you  would  puttiiem 
closer  together.  Th-ese  flues  consist  simply  of  perforated 
bricks  to  let  the  air  in  and  out ;  they  are  very  cheap  and 
simple.  In  those  a  hot  water  pipe  is  laid,  connected  wi^h 
the  boiler  house  at  the  sidei  to  get  a  circulation  of  hot  air 
through.  The  body  of  the  filter  between  the  aerated  walls 
is  fill»l  in  with  screened  masterial. 

2224.  I>o  these  perforated  walls  come  to  the  top  of  the 
filter  7 — ^They  are  just  closed  at  the  top  with  a  little  cement 
for  convenience  df  working. 

222&.  The  filter  may  be  considered  to  be  divided  into 
sections  by  these  walls  ?— ^I  do  not  quite  follow.  There  is 
no  section  in  the  filters  ;  it  is  simply  enclosed  by  that  wall 
all  the  way  round. 

2226.  These  walls  which  you  say  enclose  the  pipes  ? — 
Oh,  those  are  only  flues. 

2227.  They  do  not  come  to  the  top  of  the  filter  ?--0h, 
dear  no. 

2228.  How  high  do  they  rise? — ^The  first  nearest  the 
walls — ^I  have  there  two  bricks,  nine  inches  high  ;  then 
after  going  in  a  little  way  there  is  a  step  upward,  another 
brick  is  put  up  ;  that  is  alL 

2229.  They  are  simply  on  the  bottom  of  the  filter? — 
Yes. 

2230.  The  body  of  the  filter  is  filled  in  with  material  ?— 
Yes. 

2231.  You  spoke  to  us  about  cinders  and  pebbles.     Do 

ru  use  both,  or  have  you  tried  experimenlts  with  them  ? — 
have  got  one  of  each.  I  tried  ooke,  but  it  did  not 
answer  ;  it  gave  beautiful  results*  but  after  a  short  time 
the  coke  itself  sloughed  away.  I  have  now  got  very  hard 
vitrified  cinder,  which  wiU  not  slough  away  ;  it  has  behaved 
very  well  yet ;  I  hope  it  will  continue  to  do  so.  But  in 
case  it  should  not  do  so,  I  have  pebbles,  which  are 
absolutely  indestructiible,  and  they  answer  very  well ; 
they  do  not  hold  so  many  maorobeB  as  the  cinders  would 
do  ;  I  do  not  think  I  could  treat  as  much  sewage  on  the 
same  area  ;  but  as  far  as  the  purificaiion  goes,  I  have  had 
veiy  excellent  results  indeed. 

2232.  You  have  got  better  results  with  clinker  than 
with  pebbles  7 — ^No,  I  will  not  say  that.  I  got  as  much 
as  4*7  of  nitrification  in  a  filter  with  pebble — ^most  extra- 
ordinary work. 

2233r.  Do  not  the  smooth  surfaces  of  the  pebbles  involve 
the  washing  away  of  the  bacterial  organisms? — ^If  you 
think  of  the  size  of  the  microbes,  and  put  a  pebble  under 
a  microscope,  you  will  see  it  is  very  rough.  It  does  not 
house  so  many  microbes— I  think  that  is  the  weak  point — 
as  a  piece  of  clinker,  which,  of  course,  is  full  of  large  holes, 
but  the  roughness  of  the  pebble  is  quite  sufficient  to  <houe»e 
an  immense  number. 

2234.  How  do  you  distribute  the  crude  sewage  on  to 
the  top  of  the  filter? — ^That  was  a  very  troublesome  busi- 
ness. I  tried  about  six  kinds  of  channels,  and  discaixled 
them.  I  had  a  fixed  channel ;  it  was  a  matter  of 
mathematical  accuracy  to  drop  from  them  properly, 
and  it  filled  with  sludge.  Then  I  made  a 
second  channel  with  a  Y-shaped  section,  which 
I  had  to  throw  over ;  that  was  very  expensive.  I 
have  now  got  a  channel  which  is  self-adjusting  ;  it  fills 
itself,  and  when  it  is  full,  the  weiirht  of  the  water  tips  it 
over,  and  it  rights  itself  again.  My  present  channel  is 
satisfactory  as  far  as  worki^  goes ;  they  are  difficult  to 
cast,  that  is  one  thing ;  they  are  a  little  too  minute  to 
work  in.  I  have  designed  a  simpler,  a  better  one,  which 
imy  carpenter  or  blacksmith  can  put  up.  I  have  not  got 
iihoee  yet,  but  those  I  have  at  present  are  perfectly  prac- 
ticable for  any  Alter  you  like. 

2235.  These  reversing  troughs  follow  the  width  of  the 
tank  ? — ^They  go  across  the  tank. 

2236.  How  far  apart  are  they? — ^They  are  put  a  foot  to 
one  and  a-half  feet. 

2237.  What  is  the  width  of  the  troughs  themselves 
Three  inches  at  the  top. 


2238.  When  you  speak  to  us  about  the  sewage  taking 
half  an  hour  to  go  through »  do  you  suggest  that  it  takes 
half  an  hour  from  the  time  of  upsetting  the  contents  of  a 
trough  for  its  contents  to  pass  through  the  material  ana 
to  reach  the  bottom  of  the  filter?— That  is  it.  My  cinder 
filter,  which  is  ten  feet  high,  takes  longer.  In  my  eight 
feet  filter  of  pebbles,  in  about  half  an  hour  from  the  time 
it  is  tipped  over,  the  same  sewage  will  arrive  as  effluent, 
and  all  that  time,  of  course,  it  is  very,  very  thinlv  divided, 
hnd  exposed  to  the  air  all  the  way  through,  trie&ling  over 
i^ese  pebbles. 

2239.  The  <][U6stion  arises  as  to  any  accumulations  of 
solid  matters  in  the  body  of  the  filter.  You  told  us  that 
you  screened  them  through  a  screen  with  about  half-inoli 
openings — the  grosser  peurticles ;  but  surely  there  woi:dd 
pass  through  such  a  screen  peces  of  paper,  matches,  tea 
leaves,  and  stuff  that  one  might  describe  as  grosser  solids? 
— That  Is  so. 

2240.  Distinct  from  the  matter  which  goes  to  form 
sludge? — ^Yea.  . 

2241.  What  becomes  of  all  those  in  their  passage 
through  your  filter  ;  are  th^jy  broken  down? — I  presume 
they  are  ;  I  have  never  seen  them  agadn.  Of  course,  the 
proportion  of  them  would  be  very  amalL  I  do  not  say 
they  would  not  be  there  in  time  ;  if  we  were  worldng  for 
many  years  ;  they  could  not  go  very  far  down. 

2242.  The  smaller  solids  in  suspension,  which  go  to 
fonn  ordinary  sludge,  do  not  come  out  of  the  filter? — ^o  ; 
they  are  entirely  (usposed  of. 

2243.  Have  you  been  able  to  judge  whether  they  are 
really  entirely  disposed  of  or  whether  they  accumulate  ? — 
I  never  have  any  accumulation,  and  it  is  rather  an  in- 
teresting thing  in  the  treatment.  Sludge  is  largely 
composed  of  carbon,  which  is  dissipated  in  the  form  of 
carbonic  acid  ga&  In  the  side  of  the  filter,  which 
is,  say,  lOft  high,  there  is  a  very  curious  patch  across, 
where  the  agricultural  drain  pipes,  which  no  doubt 
contain  a  good  deal  of  lime,  are  frost^  with  white,  show- 
ing where  the  carbonic  acid  gas  has  formed  carbonate  of 
lime.  You  can  see  that  very  markedly  on  the  filter ;  you 
do  not  find  it  quite  at  the  top  ;  probably,  being  heavier, 
it  has  fallen  down  a  little  towards  the  end  ;  it  sinks.  It, 
I  presume,  acts  completely  ;  there  is  no  more  left 

2244.  If  there  were  any  considerable  accumulation  you 
would  notice  it  by  a  check  in  the  flow  of  the  sewage  7 — 
Not  only  that,  but  I  have  an  excellent  oheck  in  the  actual 
working.  These  pipes  are  all  absolutely  open ;  tiieae 
pipes  that  form  the  sides  of  the  filter  are  open ;  they 
have  a  small  tip,  like  that  (indicating),  and  if  the  8ludg<» 
was  not  all  disposed  of,  but  collected  Aere,  and  water 
stayed  in  the  filter,  it  would  immedtately  show  itself  in 
the  pipes.  So  thalt  you  can  always  tell  if  you  are  over- 
feeding or  over-working ;  you  can  always  tell  in  a  very 
short  timo  by  the  water. 

2245.  For  what  length  of  time  has  your  filter  at  Hen- 
don  been  continuously  working? — ^I  think  my  ooke  filter 
worked  longer  than  anything  else,  from  March  or  Apri« 
till  November,  continuously  woi*king,  and  on  that  I  made 
a  number  of  experiments.  I  put  on  very  large  quantities 
at  times,  much  more  than  I  initended  to  work,  just  to 
satisfy  m^llf,  and  there  was  nothing  to  show  of  that  until 
the  coke  itself  began  to  slough  away. 

2246.  And  the  filter  has  been  working  cince  Norexttber 
last  year  ?  There  is  a  filter  actually  working  ?— -There  are 
two  filters  working. 

2247.  How  long  have  those  been  worldng? — ^Not  till 
about  the  begmm'ng  of  the  year.  I  made  a  number  of  ex- 
periments  in  the  heating,  and,  of  course,  every  time  I 
ohanged  the  heating  I  had  to  take  out  the  work.  I  built 
them  over  and  over  again,  about  six  times,  and  put  them 
together  again.  I  do  not  think  I  got  those  two  filters  in 
work  again  till  March  or  April 

2248.  Would  one  be  riglit  in  saying  that  the  filter  at 
Hendon  has  been  working  for  six  months? — ^Probaibhr 
not ;  four  or  five  months.  The  filter  is  first  constructed, 
then  I  have  to  mature  it. 

2249.  All  you  can  tell  us  with  regard  to  accumulations 
is  that  so  far  as  you  have  been  able  to  judge  there  have 
been  no  accumulations  for  four  or  five  months  ?— That  is 
so.  The  coke  filter  worked  longer,  about  eight  or  nine 
months  ;  that  was  seven  or  eight  months,  c^ainly. 

2250.  Duplicated  filtration  in  your  case  is  not  neces- 
sary?— ^Absolutely  not  necessary. 

2251.  Eight  or  ten  feet,  exposed  to  these  conditions 
you  claim  to  be  sufiicient? — Under  all  ordinary  circum- 
stances to  be  quite  sufficient. 

2252.  (Dr.  Russell)  Following  up  Colonel  Harding's 
last  questions,  I  wish  to  read  you  a  passage  from  a  report 
by  the   Medical   Officer  of   Health   to   the    Oounfy   of 
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Worcester,  dated  April  23rd|  1808,  which  runs  as  follows : 
*'  Colonel  Ducat  dauns  that  sewsge  purification  of  a  Uke 
high  order  cannot  by  any  otHxet  method  be  effected  so 
InexpensiTely  as  by  his  prooess !  The  tank  had  in  con- 
sequence of  recent  alteratioue  only  been  running  some 
twenly-four  'hours  when  I  saw  it  on  January  13th,  1898, 
60  Colonel  Ducat  very  reasocuibly  declined  to  allow  me  to 
take  any  samples  for  analysis,  but  said  in  a  week  or  two 
his  filter  might  be  in  such  a  state  as  to  pennit  of  my 
doing  so.  (hi  making  a  similar  application  in  the  early 
part  of  March,  1898,  he  was  unable  to  afford  me  the 
facilities  asked  for,  as  his  filter  was  undergoing 
further  alterations."  I  gather  from  that  passage, 
and  from  the  replies  to  Colonel  Harding  with  re- 
ference to  distributing  tanks  and  other  alterations,  your 
system  can  hardly  be  said  to  be  a  completely  worked  out 
system  yet ;  it  seems  to  be  in  a  state  of  flux  ?--I  think  noU 
I  think  a  solutic»i  of  all  the  difficulty  has  been  arriTed  at. 
Dr.  Fosbrooke  came  out  in  January,  I  thinki  and  I  was 
just  making  altenytions ;  he  came  out  in  March,  and  I 
had  mad«  another  alteration.  Of  course,  it  takes  some 
time  to  get  into  full  working  order  again.  I  would  not 
dscm  it  to  have  been  acting  nine  moi^s,  because  it 
takes  six  weeks  or  two  months  before  you  can  put  on  the 
full  flow  of  sewage. 

2253.  Has  any  independent  atftshtorsty  taken  samples 
and  had  ths  opportunBty  of  making  any  anahrsee  ?— 4>r. 
fiarwise  took  samples ;  I  am  sorry  to  say  I  haTO  not 
broughit  his  analysis  with  me  ;  it  was  a  very  favourable 
one.  He  gaye  2*5  of  nitriflcattaion,  and  sadd  the  effluent 
was  fit  to  go  into  sirfr  rtream. 

2254.  When  was  that? — That  was,  I  think,  shorUy 
after  the  Congress  at  Leeds  last  year. 

2255.  (Sir  Bichard  Thome.)  October? — Somewhere 
thereabouts,  I  think.  I  had  another  taken  a  few  months 
ago  by  I^.  Garstang ;  he  gaye  me  a  very  favourable 
analysis.  I  had  a  sample  tt^Een.  by  Mr.  Winter  Blyth  ; 
he  gave  me  a  very  favourable  analysis. 

2256.  {Dr,  BussdL)  These  are  all  within  the  last  two 
or  three  months? — The  last  few  months,  yes. 

2257.  And  this  analysis  made  by  Mr.  Houston  Is  the 
most  recent? — Yes. 

2258.  Did  he  take  these  samples  hmiself  ? — ^I  am  sorry 
he  did  not  I  asked  him  to,  but  he  was  unable  to  do  it, 
and  th^  were  taken  by  my  brother,  General  Ducat,  for 
me. 

2259.  In  the  course  of  this  working  out  of  your  in- 
teresluig  •experiment,  did  you  appeal  to  a  positive  analysis  ? 
You  have  spoken  of  the  admiraible  results  of  your  sj^stem 
as  ooimpared  witfh  the  results  of  other  systems,  but  have 
you  appealed  to  chemistry  and  bacterjolog^  for  the 
criteria  of  your  success? — I  have  had  complete  analyses 
taken,  analyses  of  the  ammonias  and  the  oxygen  ab- 
sorbed. 

2260.  How  often  were  those  taken? — ^Th«y  have  been 
ta|:en  at  very  uneven  times,  when  I  was  making  my 
experiments. 
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2261.  Who  carried  out  the  investigatiooB  ? — ^Most  of 
chem  have  been  taken  by  Dr.  Houston  ;  the  others  have 
%11  been  tak^i  by  indopendent  gentlemen  on  their  own 
account.  I  believe  Hhe  Thiunes  Conservator  frequently 
^ikes  samples  whenever  he  comes  round  ;  the  medical 
oflker  of  health  at  Hendon  takes  samples,  I  believe,  con- 
staniUy,  though  they  have  not  given  them  to  me. 

2262.  Ik  would  be  very  irnxwrteni  to  have  those  along 
with  the  changes,  so  as  to  enaible  us  to  estimate  the  real 
value  of  the  general  phrases  about  ths  success  which  you 
have  earned?—!  would  have  brought  them,  but  I  was 
under  the  impreesioin  that  the  Commission  was  going  to 
make  tlieir  own  analyses.  I  only  put  this  forward  as  a 
sample  of  what  has  been  done.  Anything  taken  would 
natiually  have  to  be  checked. 

2263.  (Mr,  Cotton,)  1b  this  an  actual  p!bn  of  the 
Hendon  works,  or  is  it  a  topical  plan?— This  is  a  typical 
l^an  ;  it  is  on  a  lasge  scale,  125  feet  kmg  ;  I  would  not 
make  a  filter  larger  than  that. 

2264.  What  is  the  size  of  the  filter  at  Hendon?— 12  by 
15,  twenty  sqtwre  yards  of  filter. 

2266b  I  do  not  quite  undenitand  what  yon  mean  by  the 
aerating  layer  here  ;  it  is  called  aerating  layer,  and  peb- 
bles, and  pipesL  M  the  top  there  is  18  inches  oi  vitri- 
fied clinker?— Yes. 

2266.  Then  there  comes  the  aerating  layer  and  one  inch 
of  pebbles  and  pipes?— Tlie  meank^  of  that  is  that  be- 
side one  of  these  pipes — I  lay  agncultnral  drain  pipes 
f  ram  side  to  side  right  across ;  between  the  pine  here  and 
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the  pipe  there  I  fill  in  with  this.  Thai,  of  course,  can  be 
seen  at  Hendon,  where  you  can  see  completely  through 
the  pipes. 

2267.  At  what  level  is  the  sewage  received  ;  there  is  a 
plan  here,  but  no  section  of  the  main  sewer? — ^That  is 
only  a  typical  plan.  At  Hendon  I  am  compelled  to 
grafvitate  the  sewage  on  an  eight  feet  Alter ;  a  little  lower 
down  it  could  be  on  a  10  feet  filter. 

2268.  Are  the  tipping  channels  in  use  at  Hendon? — 
They  are. 

2269.  What  are  they  iQade  of  ? — ^Iron. 

2270.  How  are  they  su^ended  ? — They  are  supported 
on  pivots,  and  they  rock  oRt  these  rocking  pivots.  Those 
I  have  at  Hendon  are  rolled,  but  they  are  not  very  satis- 
factory, bemuse  they  are  not  roixed  t^e.  I  am  going  to 
'have  them  cast,  because  I  think  they  would  be  much  more 
eaeily  woiked. 

2271.  What  is  the  exact  action  and  operation  of  the 
hot-water  pix>eB  ;  I  do  not  quite  see  that  from  the  plan  ? 
— ^The  hot-water  pipe  lies  at  the  bottom  of  these  flues 
which  are  formed  on  the  bed  of  the  filter.  The  cold  air 
is  drawn  m  from  both  ends,  and  it,  of  course,  follows  that 
as  the  hot-water  pipe  gets  heated,  it  tends  to  rise  through 
the  walls  in  the  perforation  of  tJie  briclw  and  gets  into 
the  filter.  It  has  been  very  difficult  to  set  that  distribu- 
tion of  hot  air.  I  do  not  want  to  heat  tiie  filter ;  that  is 
no  use  to  me. 

2272.  Are  the  hot-water  pipes  at  Hendon  ? — Yes. 

2272.*  (Professor  Foster.)  I  do  not  quite  understand 
your  filter  yet  May  I  take  you  to  this  section  showing 
the  filtering  material  ? — ^Yes. 

2273.  The  sewage  is  tipped  on  to  the  top  ? — ^Yes. 

2274.  Then  it  passes  through  your  layer  of  vitrified 
clinker  ? — ^Yes. 

2275.  Then  it  goes  throuirh  your  aerating  layer  ? — Yes^ 

2276.  Do  I  understand  thai  the  air  is  brought  in 
through  the  pipes  ?  How  does  3he  air  get  access  to  th« 
material  in  your  aerating  layer  r — Through  the  perforated 
sides  of  the  wall. 

2277.  Through  the  perforated  sides  of  the  wall? — 
Opposite  one  of  these  pipes  which  form  the  wall  I  put 
a  line  of  pipes  in,  <butt-jointed  agricultural  pipes,  resting 
on  the  material,  so  that  you  can  see  from  one  side  of  the 
filter  to  the  other.  Those  pipes  are  put  about  a  foot 
apart,  and  between  those  pipes  I  put  the  material,  about 
one  inch,  so  that  the  air  can  get  through  the  joints  of 
the  pipes. 

2278.  Through  the  joints  of  the  pipes? — Yes. 

2279.  And  so  through  the  pebbles  ?— And  so  through 
the  pebbles. 

2280.  But  then  the  fluid  goes  through  the  pebbles 
and  through  the  joints  of  the  pipes  into  the  pipes? — 
Well,  it  does  not  get  into  the  pipes  practically  ;  tne  pipes 
are  damp,  that  is  all ;  it  is  never  submerged  ;  it  merely 
trickles  through ;  nothing  ever  stands  t^ere  ;  you  can 
see  through  the  filter ;  you  can  see  the  pipes,  they  are 
just  damp. 

228CL  Then  the  material  having  taken  up  air  from  that 
aerating  layer  passes  through  another  layer  of  vitrified 
clinker? — ^Yes. 

2282.  And  then  it  gets  a  fresh  supply  of  air  at  the 
net  laver,  and  so  on?— Yes.  Then  in  addition  to  that 
the  sides  are  completely  aerated. 

2283.  So  that  there  is  a  liberal  access  of  air  through 
the  whole  depth  ? — Through  the  whole  depth  as  well  as 
through  the  aerating  layers. 

2284.  And  the  fluid  can  get  out  through  the  sides  ? — 
It  could  if  it  stood  in  the  filter. 

2285.  What  amount  of  escape  is  there  from  the  sides  ? 
— It  is  all  open. 

2286.  But  I  mean  what  amount  of  fluid  does  actually 
escape  ? — ^None. 

2287.  ThjS  pipes  slant? — ^Merely  tip  inwards,  so  that 
it  would  have  to  stand  about  two  inches  deep  before  it 
would  run  out  at  all. 

2288.  How  do  you  determine  the  time  it  takes  the 
sewage  to  get  through  ?— I  have  tested  it  with  dry  filters. 

2280. .  That  is  the  time  through  an  empty  filter,  not  the 
time  through  a  full  filter  ? — ^When  I  begin  to  mature  the 
filter  I  turn  the  sewage  on  to  the  filter,  tiie  dry  filter,  for 
one  hour  the  full  charge  I  am  going  to  give  it  ultimately, 
and  then  I  stop  for  an  hour.  Then  if  turn  it  on  for  a 
second  hour ;  then  I  stop  for  an  hour.  I  do  that  for  about 
ten  days  or  a  fortnight.     So  that  after  any  time,  after 
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Cfd.  Dueat.  the  material  has  been  once  damped,  after  it  has  rested 
an  hour,  it  is  fairly  empty ;  then  you  can  see  how  long 
it  takes  coming  through  again. 

2290.  Your  rate  would  be  that  at  which  it  goes  through 
an  empty  filter,  not  throujrh  a  full  filter? — It  never  stands 
in  the  filter  j  it  ;s  always  the  same  moifcion  ffoing  on.  The 
only  difference  between  a  new  filter  and  one  that  has 
been  working  would  be  that  the  new  filter  would  absorb 
liquid. 

229L  Supposing  while  your  filter  was  working  you  put 
ihe  material  on  the  top  of  your  filter,  yon  say  it  takes 
a  certain  time  to  come  through  ;  how  do  you  know  it  takes 
a  certain  time  to  come  through  9 — I  have  tested  it  with 
what  is  coming  through. 

2292.  You  have  got  a  continual  flow  going  through  your 
filter  ?— Yes. 

2293.  How  do  you  know  when  you  put  a  particular 
sewage  on  the  top  the  time  at  which  that  paaticular  sewage 
gets  to  the  bottom  ?— When  I  am  maturing  a  filter  at  first, 
when  you  first  turn  it  on  to  the  new  material  the  material 
ab^rbe  a  certain  amount,  but  aifter  it  is  onoe  saturated 
then  you  see  stuff  going  on  and  coming  out  of  the  bottom. 
Then  I  turn  it  off  for  an  hour  for  resting  to  get  mature  ; 
I  then  turn  it  on  and  take  the  time  by  my  watch,  the 
effluent  channel  then  not  being  running.  I  watch  the 
channel  and  see  when  it  begins  to  run  again.  That  is 
the  only  test  I  have  got. 

2296.  That  is  the  time  it  takes  to  go  through  an  empty 
filter.  Are  you  sure  that  that  is  the  rate  at  which  it 
goes  through  a  filter  when  it  is  full  from  top  to  bottom  ? — 
I  do  not  suppose  it  is  mathmatically  correct^  but  it  is  as 
near  as  one  can  get  it. 

2296.  (Professor  Bamsay.)  Would  it  not  help  to  put 
in  some  dye  stuff  at  the  top  ?-— I  am  not  sure  that  the  dye 
stuff  would  come  out  again.  There  is  neither  smell  nor 
colour. 

2297.  (Professor  Foster.)  You  only  infer  the  actual  rate 
through  your  working  filter  from  the  time  it  takes  to  go 
through  when  you  are  filling  it^If  you  can  show  me 
any  way  by  which  I  could  do  it  more  correctly  I  should  be 
very  pleased.  I  do  not  mean  to  do  it  by  inference ;  I 
do  it  as  far  as  I  can  by  pnic4aoal  testing. 

2298.  (Mr.  Killick.)  Aniline  dye  would  probably  show 
it  ?— Possibly. 

2299.  (Professor  Foster.)  I  think  you  said  the  pebbles 
•lid  not  hold  so  many  microbes.  How  do  you  know  they 
<io  not  ? — !By  the  amount  of  work  they  can  do ;  that  is 
entirely  inference,  I  have  never  had  them  examined. 

2300.  What  you  really  mean  is  that  the  pebbles ? — 

I  merelv  infer. 

2301.  You  merely  infer  that  they  do  not? — Because 
they  do  not  do  so  much  work. 

2302.  But  you  said  the  pebbles  did  not  hold  so  many 
microbes  ? — l^at  is  my  impression. 

2303.  Your  inference ;  you  have  not  made  any  exami- 
nations ? — "So,  I  have  not. 

12304.  I  think  in  your  statement  you  said  that  you 
<ohoo3e  a  certain  size  of  fragments  ? — Yes. 

2306.  Is  that  as  a  result  of  a  number  of  comparative 
trials  of  different  sizes  ? — ^A  large  number. 

2306.  You  have  come  to  the  conduaion  tliat  that  is 
the  optimum  size? — ^I  think  those  are  the  best.  I  first 
of  all  began  with  veiy  much  larger  materiid,  three  inches 
in  size,  but  I  was  only  filling  up  mv  filter  and  getting  no 
results.  I  worked  it  down  until  I  found  this  was  best. 
You  must  have  a  certain  amount  of  coarseness  on  the 
top,  but  as  little  as  possible.  I  have  arrived  at  this  from 
a  number  of  experiments. 

2307.  I  understood  you  to  say,  I  think,  in  answer  to 
lV£r.  Killick,  that  there  is  no  accumulation  of  material 
on  the  top  of  your  filter  ? — Nothing  to  speak  of. 

2306.  And  the  pieces  of  paper,  or  any  other  refuse, 
Uiat  passes  your  screen  is  not  delayed  on  the  top,  but 
disappears  in  the  course  of  time  ? — Yes. 

2309.  Have  you  studied  bacteriology  yourself  much  ? — 
Xo ;  I  do  not  profess  to  be  a  bacteriologist. 

2310.  When  you  speak  of  anaerobic  and  aSrobio  you  are 
using  the  t^rms  only  in  a  general  way  ? — Quite  so. 

2311.  Your  contention  being  that  for  the  ultimate 
solution  of  even  the  solid  matter,  which  is  contained  in 
the  sewage  after  it  has  passed  your  screen,  a  condition 
involving  the  absence  of  oxygen,  and,  therefore,  probably 


the  action  of  anaerobic  organisms  is  not  necesaary  ? — ^Is  not 
necessary. 

2312.  The  whole  business  can  be  done  by  organisms  (or 
whatever  is  done  is  done  by  things)  in  the  presence  of 
oxygen  and  their  work  is  facilitated  by  the  presence  of 
oxygen  ? — ^That  is  my  impression. 

2313.  So  that  it  is  not  necessary  that  there  should  be 
beyond  such  action  as  may  have  taken  place  in  the  sewage 
before  it  reaches  your  filter — ^there  is  no  necessity  for  any 
action  of  the  so-called  anaerobic  oiganiBms? — ^I  believe 
none. 

2314.  The  bacterial  analysis  which  you  have  handed  in, 
it  is  only  one  analysis  ? — ^That  is  so. 

2316.  Have  you  more  than  that  one  ? — I  have  only  one 
complete  bacterial  analysis. 

2316.  Only  one  ?— Only  one. 

2317.  I  observe  that  in  this  one,  although  there  was 
no  bacterim  coli,  the  enteritidis  did  pass  through! — But 
with  an  immense  reduction  in  number. 

2318.  But  it  passed? — Yes,  it  passed. 

2319.  So  that  that  filtrate  could  not  be  stated  to  be 
absolutely  free  from  dangerous  organisms,  because  the 
enteritidis  is  supposed  to  be  a  dangerous  oiganiam? — ^Xo 
doubt,  but  I  believe  very  few  waters  are  absolut-ely  free. 
I  do  not  profess  to  turn  this  into  absolute  drinking  water. 

2320.  Only  two  exaumbations  bacterially  have  been 
made  ? — That  is  alL 

2321.  And  none  at  all  of  what  is  going  on  in  your 
filter ;  for  instance,  of  the  fluid  which  may  be  obtained 
from  these  aerating  pipes  have  any  cultures  been  made 
from  the  moisture  ?-— None  comes  out  there. 

2322.  They  are  moist? — I  have  never  taken  samples 
from  those  to  be  analysed  from  the  different  levels  in 
the  filters,  and  as  far  as  I  am  concerned  practically,  it 
would  not  interest  me.  l%ey  are  incomplete  filtiatea, 
and,  therefore,  they  would  be  of  no  interest  to  me.  0( 
counse,  they  could  be  got,  but  thev  would  be  very  difficult 
to  get,  because  no  water  lodges  there. 

2323.  They  are  moist,  so  that  you  could  obtain  some 
fluid  from  them  ? — You  could  obtain  a  very  small  quantity 
of  fluid  from  them  ;  it  could  be  done. 

2324.  (Professor  Bamsay.)  Does  the  water  run  down 
over  the  filtering  material  in  small  diannels,  so  as  to 
moisten  the  outside,  or  does  it  drip  from  the  pipes,  or 
does  it  flow?  I  have  difficulty  in  realising  the  rate  at 
which  the  sewage  passee  through  the  filter  ?^It  certainly 
does  not  flow. 

2326.  It  drips,  I  presume  ? — I  presume  it  spreads  over. 
beoHUse  you  can  find  it,  though  the  channel  tips — I  have 
got  my  channels  16  inches  apart  now — and  if  yju  watch 
them  throw  they  do  not  throw  over  the  whole,  ff  you  talc  e 
a  bit  that  is  dry  and  dig  a  little  hole,  you  will  not  go  far 
down  before  you  find  it  just  as  much  damp  as  ihe  rest. 
So  that  I  presume  it  goes  over  the  whole  filten 

2326.  Have  you  actually  tried  heating  with  the  air,  or 
18  this  only  an  idea  of  what  ought  to  be  done  ?— I  haive  tried 
it  very  much.  I  tried  heofcing  th<e  air  ;  I  found  I  could  not 
do  it  alt  all,  I  could  not  manage  it.  N'ow  I  heat  the  air 
over  these  pipes*  andj  of  course,  there  is  no  question  about 
that,  I  can  see  thecn  heated  ;  cold  air  goes  in,  strikes  on 
the  pipes  ;  you  can  test  the  flow  of  air.' into  it. 

2327.  Because  the  amount  of  heat  one  can  give  air  is 
very  small,  and  the  number  of  degrees  of  temperature 
though  it  would  raise  the  water,  would  be  exceedingly 
small? — ^I  am  not  tiying  to  do  that  at  all.  That  is  the 
thing,  and  that  is  very  much  misunderstood.  People  think 
it  must  be  a  frightfully  costly  process  to  raise  the  tem- 
perature of  the  filter.  I  do  not  do  that.  The  sewage 
oomes  in  hot  enough  for  all  practical  purposes.  1  want 
to  supply  that  with  oxygen  from  the  air  which  is  not 
cold  ;  if  o<^d  strikes  on  the  filter  it  would  destroy  microbic 
action  for  the  time  being. 

2328.  Have  you  any  data  to  show  as  to  the  purity  of 
the  effluent,  that  in  any  submerged  filter  from  which  air 
is  excluded,  it  will  be  found  'that  when  the  vaUve  is  first 
opened  the  purity  of  the  effluent  is  very  much  less,  as 
much  as  60  -per  «ent.  less,  than  it  will  be  when  the  filter 
is  nearly  empty? — ^Yes,  I  have  seen  it  myself,  I  have  had 
it  from 'a  number  of  people  who  have  been  in  charge 
of  works,  and  I  have  watched  it  with  great  care.  Mr. 
Law  told  me  that  himself ;  he  gave  me  the  percentage, 
but  I  think  hia  percentage  was  not  so  high  as  it  mif'\i% 
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be.  Ihmve  seen  the  sewage  at  Hendon  and  other 
works  twice  filtered,  and  the  second  filtrate,  when 
the  valve  was  first  opened,  you  could  emell  from 
there.  I  have  seen  it  at  Sutton ;  I  have  tested  it  in  a 
number  of  places ;  when  the  valve  is  first  opened  there 
is  almost  always  a  smell,  not  always. 

2329.  Then  about  two-thirds  of  the  way  down  the  page 
you  say  again  that  all  pretence  at  regular  aeration  has  been 
throvm  ande,  but  there  are  many  cases  auredy  in  which 
regular  aeration  is  kept  up?— Yes,  I  only  say  during  that 
time,  during  the  time  the  submerged  filters  are  working 
as  a  continuous  flow,  they  are  filled,  and  they  are  over- 
flowing, and  they  continue  so.  While  that  is  going  on, 
while  the  filter  is  actually  submerged,  there  can  be  no 
aeration.  Tou  see,  in  that  process  the  intention  was  to 
empty  tlie  filter  entirely,  to  keep  it  empty  for  three  hours 
for  aeration.  If  you  do  not  empty  the  filter,  but  keep  it 
running,  full,  there  it  no  aeration. 

2330.  To  be  sure.  On  page  4  also,  about  two-thirds  of 
the  way  down  where  you  give  the  items  of  expenditure, 
you  reckon  the  masonry,  and  so  on,  £1 10s.,  but  that  is  a 
capital  charge,  is  it  not?— Yes. 

2331.  Along  with  the  distributing  channels  and  the 
rest,  but  the  heating  is  a  current  expense,  is  it  not  ?— The 
fuel  is. 

2332.  You  say  ISs.  7— That  is  the  construction. 

2333.  Not  the  actual  heating  ? — ^No,  the  construction — 
ISs.  per  square  yard. 

2334.  We  ought  to  say  "heating  apparatus ''?— That 
would  be  more  correct. 

2335.  (Professor  Foster,)  At  the  end  of  page  2  you 
make  a  statement  that  where  the  effluent  has  been  dis- 
charged into  the  sea  a  depth  of  filter  of  five  feet  would 
do;  then  you  say  that  a  filter  and  plant  would  be  re- 
quired for  other  circumstances  of  twelve  or  fifteen  feet 
deep.  What  are  the  exact  data  upon  which  you  base 
those  opinions  ? — Well,  it  would  be  difficult  to  get  accurate 
data  no  doubt ;  that  is  a  general  statement. 

2336.  You  have  no  means  of  testing  the  changes  which 
are  taking  place  at  various  depths  in  your  filter  7 — No. 

2337.  It  is  only  a  pious  opinion,  in  fact? — That  is  all. 
The  solids  are  iH  disposed  of  before  the  five  feet;  I 
know  that .  much. 

2338.  What  is  the  evidence  of  diat  ?— It  is  difficult  to 
give  evidence  of  that,  too.  No  more  signs  of  the  car- 
bcmic  acid  gas  are  traceable.  I  ought  not  to  have  said 
so;  it  was  not  accurate ;  I  have  no  actual  proof  of  it. 

2330.  (Sir  Biehard  Thome.)  You  were  saying  that  you 
judjged  that  the  pebbles  did  not  hold  so  many  bacteria 
as  the  cinders  by  the  character  of  the  effluent?— No,  sir, 
not  by  the  character  of  the  effluent,  but  by  the  qusntity  fii 
work  I  could  do.  The  character  of  the  effluent  has  been 
quite  as  good 

2340.  But  does  not  the  work  you  can  do  mean  the  oha- 
racter  of  the  effluent? — ^The  quantity  I  can  do,  not  the 
quality. 

2341.  Well  now,  you  say  there  have  been  two  bacterial 
examinations  by  Dr.  Houston.  Was  one  of  those  made 
with  cinders  and  the  other  with  pebbles  ? — ^The  first  was 
made  with  coke,  and  this  one  is  from  the  cinders. 

8342.  (Professor  Faster.)  The  vitrified  clinker?— Yes. 

2343.  (Sir  Biehard  Thome.)  You  have  none  with  the 
pebbles? — I  have  none  from  pebbles,  sir. 

2344.  There  is  one  in  which  the  bacillus  enteritidis 
paoBed  through,  what  was  that  an  examinatioo  with? — 
That  is  from  the  clinker  fiilter,  the  filter  now  working  at 
Hendon. 

2345.  Have  you  ever  had  any  badterial  or  chemical 
examinations  in  order  to  contrast  the  results  in  drought 
and  fdlowlng  on  rainfall  ?— No,  I  do  not  think  I  have  ; 
they  have  been  taken  promisouously. 

2346.  Rehing  as  you  do  on  bacteria,  do  you  run  any 
danger  in  the  case  of  heaivy  rainfaU,  since  you  take  aU 
the  rain  to  your  filters,  of  having  the  bacteria  washed  out 
from  tJiem  ? — I  do  not  think  so  when  you  come  to  thiitk 
of  the  size  of  the  channel  that  bnagi  it  in,  about  two 
inches  in  diameter.  Mine  is  not  so  much,  aibout  l^inch: 
I  spread  them  over  a  flow  of  20  square  yards.  If  you 
reduce  the  velocity  of  that  you  will  find  it  is  practically 
scarcely  appreciable. 

12». 


2347.  (Profes.wr   Foster.)  You   have   never   had   the  Coi.uu-:^.t 
effluent  examined  during  a  rain  storm  1 — No,  I  have  not.     ^^  o^TriSM 

2348.  (Sir  Biehard  Thome.)  When  you  were  experi-      

mentinff  with  coke,  did  vou  find  that  the  finer  material 

at  tihe  bottom  of  vour  filter  tended  to  break  up  and  be- 
oome  disintegrated  at  all? — That  is  why  I  rejected  the 
coke  filter. 

2349.  I  suppose  the  sewage  would  form  channels 
through  that? — No,  it  caked,  and  the  sewage  did  not  go 
through  it. 

2350.  That  was  the  reason  you  abandoned  it? — ^That 
was  the  reason  I  abandoned  it. 

2351.  When  you  are  preparing  the  filter,  you  tell  us 
it  takes  about  six  weeks  or  two  months  before  it  is  in 
proper  working  order? — Yes. 

2352.  If  you  had  to  change  the  material  at  intervals  of. 
say,  ten  or  twelve  months,  you  would  practically  have 
to  abandon  one  filter  for  a  period  of  two  months  7— Yes. 
Of  course,  if  that  was  found  necessary  in  practice,  you 
would  have  to  allow  a  certain  percentage  of  extra  filters 
iat  that 

2353.  How  do  you  propose  to  get  the  i&ecessary  elevation 
in  most  cases  for  delivering  the  sewage  at  a  heiffht  of 
from  8  to  11  feelt,  according  to  the  height  at  wlvicn  you 
must  build  your  filter? — ^It  comes  to  this :  In  an  ordinary 
filter.  whCch  is,  say,  3ft.  6in.  or  4ft.  deep,  you  must  have 
that  amount  of  head.  If  that  could  not  be  done  it  would 
have  to  be  pumped. 

2354.  The  sewage  or  the  effluent  ? — ^I  should  pump  the 
sewage. 

2355.  That  would  neceesaiily  add  to  the  expense  where 
you  had  to  do  that  ? — Of  course. 

2356.  Can  you  tell  me  at  what  point  of  the  sewer  you 
take  the  sewage  that  you  deliver  on  to  your  filter  ;  do 
you  take  it  at  the  surface  of  the  sewage  that  is  flowing 
along,  or  from  where  ? — ^At  Hendon,  do  you  mean  ? 

2357.  Yes?— I  take  ft  there  at  the  bottom  of  the 
channel 

2358.  Why  do  jou  choose  the  bottom? — ^Because  it  has 
such  a  varying  head.  At  times  it  is  a  little  only»  a  mere 
film,  and  m  order  to  get  my  filter  to  woric  then  I  have 
a  little  weir  across,  which  accounts  for  my  sewage  being 
worsd  than  normal. 

2359.  Is  there  much  difference  in  the  oon9titu<ti<H> 
of  sewaffe,  according  as  you  take  it,  at  one  depth  or 
another  f— Yes. 

2360.  Which  is  the  worst  ?--BeIow. 

2361.  You  profess  to  take  the  worst  ?— I  have  the  worst 

2352.  At  what  external  temperature  of  the  atmosphere 
do  you  imsgine  you  would  have  to  put  on  your  heating 
power  ?— 'I  have  very  good  results  down  as  low  as  40°  Fahr. 

2363.  Below  40,  you  think  ?— I  should  like  to  have  heat. 

2364.  Have  you  at  all  estimated  how  many  weeks  in  the* 
year,  taking  an  average  of  years,  that  would  mean  you 
hav'3  to  apply  heating  power? — That  would  vary  very 
mucii  accoroing  to  the  locality.  I  have  always  taken  it 
at  about  half  fiie  year ;  I  do  not  suppose  that  in  most 
cases  it  would  come  to  as  much. 

2365.  Your  great  point  is  this,  as  I  understand  it :  —You 
have  an  automatic  and  continuous  aeration  at  almost  every 
level  in  the  height  of  the  8ft.  or  12ft.  of  filter  to  which 
you  expose  the  sewage?— That  is  so. 

2366.  And  on  that  you  rely  for  tiie  effects  produced  ? 

Yes.     I  have  absolute  aeration  all  over,  no  matter  what 
the  height  may  be. 

2367.  (Professor  Bamsay.)  Is  your  filter  protected?— 
It  is  protected  for  winter,  yes. 

2368.  I  mean  patented  ?— Yes. 

2360.  (Chairman.)  How  long  is  it  since  you  put  up 
your  first  filter? — January  last  year. 

2370.  That  was  when  you  had  coke  ?— Yes. 

2371.  And  you  found  that  coke  chokad  ?— Yes,  it  became 
pulverised  ;  it  disintegrated  and  formed  a  solid  cake. 

2372.  Have  you  any  way  of  preventins  the  effluent  that 
goes  through  the  filter  forming  channel  for  itself  ?— Do 
you  mean  through  the  filtering  material? 

2373.  There  is  a  flow  through  your  filter,  and  it  is 
natural  it  should  make  a  channel  for  itself  unless  you  have 
any  means  of  preventing  it  doing  so  ?— I  have  riddled  the 
material  so  that  I  have  no  dust  in  it.  I  am  verv  careful 
to  put  dean  mater*  U  into  the  filter  ;  I  crush  the  cinders 
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by  machinery  and  riddle  them  through  a  riddle  and  reject 
all  the  fine  stuff  below  ^in.,  so  that  there  is  no  tendency 
after  that  for  ifahe  sewage  to  form  little  rivulets  for  itself. 
It  spreads  all  over  from  the  action  of  the  tipping  channels, 
and  being  on  this  surface  it  finds  its  way  through  the  first 
gap  which  would  be  over  individual  atoms  of  the  filtering 
materiaL 

2374.  How  long  was  it  before  you  found  the  coke 
choked  ?— I  should  think  about  four  or  five  months. 

2375.  And  you  do  not  find  the  clinkers  choke? — ^KTo, 
not  at  present. 

2376.  How  long  have  you  employed  them  ? — Ovlj  since 
March  or  April.  I  do  not  know  how  it  will  stand.  Of 
course  they  are  very  different  materials.  Coke  i»  very 
soft  stuff  compared  with  vitrified  cinder. 

2377.  K  we  sent  anyone  down  to  Hendon  would  you 
allow  him  access  to  take  samples  or  make  an  examination  ? 
— Certainly,  whenever  you  choose. 

2378.  (Sir  Bichard  Thome.)  May  I  ask  you  whether 
these  pipes  that  you  put  in  at  four  different  intervals  in 


the  height  of  the  filter  consist  of  several  layers?— No,  a 
single  layer. 

^79.  And  are  they  practically  continuous  across  the 
whole  of  the  surface  area  at  the  points  they  are  laid?— No, 
they  go  through  about  one  foot  apart^  at  about  foot  inter- 
vals right  across  the  whole  ^ter  from  end  to  eaady  so  that 
you  can  see  through  them,  and  between  the  pipes  I  lay 
in  the  material. 

2380.  I  was  only  wondering  whether  this  arrangement 
would  prevent  anything  like  the  formation  of  a  channel, 
but  they  would  not  if  they  are  placed  like  that?-^No,  they 
would  not 

2381.  (flolond  Sardvn/g,)  11  any  members  of  the  Com- 
mission wished  to  go  to  Hendon  this  filter  is  now  con- 
tinuously at  work? — ^Tes. 

2382.  There  would  be  no  difficulty?— I  should  be  glad 
to  show  the  CommiiBsion  if  they  would  like  to  go;  I 
should  be  glad  to  be  there,  and  you  are  welcome  to  go  at 
any  time.  But  if  I  could  know  when  you  were  going  I 
should  be  very  pleased  to  be  there  and  explain  all  the 
little  details  and  the  reasons  of  them. 


NINTH    DAY. 


Thursday,  20th  October,  1898. 


PBESENT  : 


The  Earl  of  Iddesleigh  {Chairman^  presiding). 


Sir  Bichard  Thorne  Thorne,  k.cb.,  f.r.s. 
Professor  William  Ramsay,  f.r.s. 
Dr.  JAifES  Burn  Russell. 


Colonel  Thomas  Walter  Harding 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 

Mr.  F.  J.  Willis,  Seaetary. 


Mr.  W.  E.  Adeney,  D.Sc.,  F.I.C.,  Royal  Universily,  Dublin,  called;  and  Examined. 


Mr.  W.  E. 

A4eney, 
D.8C.,  F.l.C. 

20  Oct.  1808. 


2383i  (Chairman.)  You  are  Dr.  Adeney,  of  the  Royal 
Univeieity,  Dublin  ^— Yes,  my  lord. 

2384.  And  you  kindly  hand  in  a  paper  which  shows 
what  your  system  is  called,  what  your  system  does,  what 
are  the  principles  upon  whach.  your  system  is  based,  what 
results  you  have  obtained  by  experianent,  and  what  con- 
clusions you  have  drawn  from  your  experiments,  and  the 
method  you  would  employ  for  increasing  the  supply  of 
oxygen  when  you  require  it,  the  diflferent  rates  at  which 
fermentation  goes  on,  and  some  particulars  of  the  works 
at  Dundnim,  Chapelizod^  and  Northallerton  ?— Yes. 

The  distinctive  features  of  this  process  are— (1)  It  effects 
the  purification  of  the  suspended  matters,  as  well  as  those 
in  solution,  by  aerobic  fermentation ;  and  (2)  it  ensures 
the  necessary  condition  of  oxygen  supply  by  the  employ- 
ment of  certain  forms  of  combined  oxygen — ^viz.,  crude 
manganese  compounds  for  the  fermentation  of  the  sus- 
pended matters,  and  nitrate  of  soda  for  that  of  the  dia- 
sdved  otrganic  matters  in  the  sewage. 

SciENTinc  Principles  upon  which  the  System  ib 

BASED. 

The  pnnojples,  upon  which  the  system  has  been  based, 
have  been  estjrtAishjed  by  an  extended  experimental 
study,  in  the  laboratory,  of  the  chemical  changes  which 
the  organic  ma*teis  in  sewage  undeigaunder  the  influence 
of  the  bacteria,  common  to  such  liquids,  when  they  are 
subjected  to  aerobic  conditions.  The  results  o^j^^se  re- 
searches have  been  published  in  the  Scientific  Tran- 
sactions of  the  Royal  DubHn  Society  under  the  title    The 


Course  and  Nature  of  Fennentotive  Changes  in  Natural 
and  Polluted  Wa/ters,  and  in  Aitificlal  Solutions,  as  Indi- 
cated by  t^e  Composition  of  the  Dissolved  Gases."  Parts 
I.,  n.,  nL,  and  IV.  (see  vols.  5  and  6,  1895  and  1897). 
Abridgments  of  these  papers  have  also  been  published  in 
the  Transactions  of  the  Institution  of  Civil  Engineers  of 
Ireland,  1896  and  1898,  and  reprinted  in  Engineering, 
Vol.  LXI.,  pp.  728-730,  and  762-764,  and  VoL  LXVI., 
pp.  277-278. 

It  has  been  found  from  these  researches  that  the  puri- 
ficalbion  of  the  organic  matters,  both  suspended  and  dis- 
solved, in  sewage  by  the  bacteria  common  to  nature  (under 
aerobic  conditions)  partakes  of  the  nature  of  a  slow  com- 
bwMibn,  albout  90  per  cent,  of  the  organic  carbon  being 
oxidized  to  carbon  dioxide,  the  other  organic  constituentR 
being  converted  into  water  and  ammonda,  small  quantities 
of  OKganic  eolouring  mafbteis  being  also  formed. 

It  has  abo  been  found  that  the  oxidation  of  ammonia 
to  nitrous  and  nitric  acids  does  not  commence  until  the 
whole  of  the  organic  mattere  have  been  first  completely 
fermented. 

The  following  experimental  results  may  be  quoted  in 
illustration  ofttiese  changes.  The  sewage  employed  for 
the  experiments  was  an  average  sample  of  the  daily  flow 
from  the  Richmond  Main  Dramage  Works,  near  London. 
It  was  fiftsccd  beloare  use  t'j  separate  the  suspended 
matter  (Trans.  R.D.S.,  Vol.  V.,  pp.  568-676).  Under 
the  columns  headed  I.  and  n.  are  given  the  results 
of  analysis,  before  and  after,  fermentation  respectively; 
the  fermentative  products  are  given  along  the  horizontal 
lines  headed  '^differences." 
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Table  I.— Experiments  with  Sewage  and  T.vp  Watebi 

Commenced  June  24th,  1893. 

r. 

Gases  Expressed  as  Volumes  at  N.T.P.,  and  Nitrogen  Compounds  as  parts  by  Weighty  per  1,000  Volumes  of  Solution.     20  Oct.  laoB. 
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I.              II. 

I.           II. 

1 

1893 

July  25 

linlO 

23*35  1  29-44 

6-42    000 

13-41     14-83t 

0-0045      0-0047 

0-0009    000  ,  Solution     very 

Differences 

+609* 

—  6-42 

•  •  • 

+0-0002 

—  0-00009 

offensive  after 
fermentation. 

July  26 

lin20 

1412    19-78 

6-44  1  0-18 

13-41  1  13-49 

0-00225  1  0-0025 

0-00009  10-00 

Solutionfreefrom 

Differences 

+5-57 

—  6-26 

•>  * 

+0-00025 

—  0-00009 

odour  after  fer- 
mentation. 

July  26 

lin40:t 

9-64  1  12-45 

6-46  1  316 

13-41  1  13-49 

0-001126  1 0-00115 

0-0001  1  0-0001 

Ditto. 

Differences 

+2-81 

—  3-30 

•.• 

+0-000025 

0-0 

Sept.  1 

lin80 

7-36  1    9-17 

6-46    2-12 

13-41  1  13-34 

0-00056  1  0-00 

0-0001  1  0-0008 

Ditto. 

Differences 

+1-81 

4-34 

•  •  • 

—  0-00056 

+0-0007 

*  This  volume  includes  traces  of  SH,. 

t  This  volume  includes  N,  CH4,  and  H,  disengaged  during  fermentation,  but  they  were  not  separately  determined. 
X  The  remainder  of  this  solution  was,  immediately  after  examination,  re-aerated,  analysed,  and  set  aside  to  ferment 
till  September  1st,  when  it  was  re-examined,  with  the  following  results  : — 


1893 
Sept. 

Differences 

11-31    11-99 
+0-68 

5-78  1  1-44 
—4-34 

12-96  1  12-99 

••• 

0-00115    0-00 
—0-00115 

0-0001  1  0-0017 
+0-0016 

It  will  be  obseorved  the  sewage  was  dUuted  with 
gmdaaUy  increaeing  propoitions  of  tioHWttter,  apd  that  the 
atmospheric  oxygen,  required  for  Hhe  xermei^tiye  piooees, 
was  derived  from  the  daBsolved  oxygen  in  the  mixtures  or 
tolutions  BO  formed.  During  an  experilment  the  solution 
was  kept  out  of  all  contacit  wvth  the  air,  and  preserved 
in  a  bo4;tle,  which,  in  iits  turn,  was  kept  in  such  a  way 
that  gases  could  neither  gain  access  to,  nor  to  escape  from, 
it 

The  experiment  with  the  first  solution  illusfaraies  tihe 
results  obbamable  when  Uie  free  oxygen  dAssolTed  in  the 
solution  was  insufficient  for  the  complete  aSrobic  fermen- 
tation  of  the  ofiganic  maibters  present  in  it. 

The  sigmfiosnib  results  to  be  noted  under  these  condi- 
tions are — (1)  A  partial  anaerobic  fermentation,  accom- 
panied by  bodies  emitting  offensive  odours;  (2)  only 
fllbout  half  the  oi^gandc  matters  present  in  the  solution 
were  oxidized  {for  evidence  of  this  compare  results  with 
idiose  of  the  two  succeeding  experiment). 

The  results  recorded  for  the  second  expeiimeni  show 
tberi;  the  dissolved  oxygen  was  just  sufficient  for  the  f er- 
menftation  of  all  the  organic  matters  present. 


The  sigmifioant  results  are— (1)  The  oompl^  absence 
of  products  of  anaerobic  fermentotion ;  (2)  the  complete 
oxidBifaion  of  the  organic  matters,  with  the  formation  of 
caiAKmic  aioid,  ammonia,  and  a  smail  quantity  of  organic 
ooHouiing  matter. 

Two  experiments  were  made  with  the  third  mixture. 
At  the  conclusion  of  the  first  experiment,  the  organic 
matters  were  completely  fermented,  while  during  the 
second  experiment  tiie  ammonia  was  completely  fermented. 
It  is  important  to  note  during  jbhis  last  experiment  that 
only  a  small  volume  of  carl>omc  acid  was  formed  in  pro- 
portion to  the  quantity  of  am^nonia  fermented.  This 
CO2  was  derived  from  the  colouring  oiganic  matters  formed 
during  the  fermentation  of  the  oiganic  matters  in  the  Urat 
experiment  with  the  solution.  | 

1 

The  fact  that  these  colouring  matters  io  suffer  fermen- 
tation along  with  ammoma  is  well  ijliifltrated  !bv  the 
experiments  recorded  in  the  following  table,  '^he  ex- 
periments were  made  with  an  ^veiaee  sample  of  ieffluent 
from  one  of  the  ffiter  beds  at  the  Bd<3miond  works  already 
referred  to : — 


Table  II.— Experiments  with  Sewage  which  has  been  Filtered  through  Gravel  Filter-beds  and 

Tap  Water. 

Commenced  June  244h,  1893. 

Gases  Expressed  as  Volumes  at  N.  T.  P.,  and  Nitrogen  Compounds  as  Parts  by  Weight,  per  1,000  Vohim&s  of  Solution. 


Date  of 
conclusion 

of 
Experiment. 

Solution. 

CO, 
L         U. 

0, 
I.        II. 

I.         II. 

NasNHj 
I.               II. 

•  I.                II. 

Na6N,0, 

1 

;  I.          11. 

189^ 
July  18 

Iin2 

77-50 

83-85 

6-38 

0-00 

13-58    13-70 

0-0085 

0-0075 

0-0018 

0-0016 

0003 

0-0045 

Differences. 

+  6-36 

-6-38 

••« 

-0001 

-00002 

+0-0015 

■•  . 

Iin4 

41-29 

44-00 

6-43 

0-00 

13-58 

13-54 

0-00425 

0-0030 

0-0009 

0-00003 

000155 

0-0028 

Differences. 

+  2-71 

-6-43 

••• 

-0  00125 

-0-00087 

+  0-00125 

July  20 

linS 

23-18 

24-80 

6 '45 

0-00 

13-58 

13-43 

000213 

0-0005 

000045 

000 

0-000825 

0*0028 

Differences. 

+  1-62 

-6-45 

•  •  • 
1 

-0-0016 

-0*00045 

+  0-0019^ 

July  24 

Iinl6 

14-12 

1511 

6-46 

3-41 

13-58 

13-54 

0-00107 

0-00025 

0-000225 

0-00 

0-000402 

0-001& 

Differences. 

+  0-99 

-305 

*  •  • 

-0-000822 

-0-00025 

+0-001 

REMARK.r— All  the  solutions  were  quite  free  from  odour  after  fermentation. 
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Mr,  w.  js.       The  oiig^ic  matters  in  the  mmple  experimented  with 

D 8c*T*i'o  ^*^  ^®®^  completely  fermented  by  the  process  of  filtration 

.ZJ  '  '  at  the  Biohmond  works,  so  that  we  have  iUuatrated  in  the 

20  Oct.  1888.  a^bnyve  ia/ble  the  fexmcntation  oi  the  organic  colouring 

maNtons  formed  during  that  proceee,  and  of  the  ammonia. 

It  will  be  observed  that  decided  volumes  of  carbonic 
acid  were  formed  during  each  experiment,  and  these  were 
derived  from  the  said  colouring  matters ;  decided  quan- 
tities of  ammonia  were  aieo  at  the  same  time  fermented. 

On  examining  a  little  more  closely  the  results  recorded 
in  the  albove  two  talblee,  it  will  be  seen  that  the  bacteria 
behaved  in  all  the  solutions,  where  aerobic  conditions  were 
complete,  as  practically  constant  chemical  factors,  and" 
that  (1)  the  product— carbonic  acid— ^  the  fermentation 
of  the  organic  matters,  and  (2)  the  final  product — ^nitric 
acid — of  the  fermentation  of  ammonia,  and  that,  also,  the 
volumes  of  oxygen  consumed  during  each  iitage,  are 
directly  propontional  to  the  quantity  oi  polluting  mattera.. 
originally  present  in  the  solutions. 

These  reklticnships  wfll  be  more  easily  seen  if  we 
multiply  each  set  of  differences  recorded  in  the  tables  to' 
render  tiiem  comparable  with  the  undiluted  samples  from 
which  they  were  prepared,  and  with  one  another,  as 
foUowar: — 

Froh  Tablr  I. 


Solation. 


Multiplier. 


1 
CO, 


NasNH^ 


NaaX-O, 


linlO      - 
lia20 

liniO  • 
(l8t  stage) 

liniO  • 
(2nd  stage) 

1  inSO     - 


10 

+    61 

+  0-002 

0-0 

so 

+  111 

+  0-005 

00 

y  «    ( 

+  112 

+  0-001 

0-0 

1     40     1 

+    27 

—  0046 

+  0064 

80 

+  146 

—  0045 

+  0056 

Vol.  of  0. 
airbed. 


64 
123 
1S2 
174 
347 


FROM  TABLK  II. 


Solation. 

Multiplier. 

1 
00. 

N  as  N,0, 

oxidised  to 

N5O, 

3 
N  as  XH, 

oxidised  to 
>,0. 

4 

Vol.  of  0.. 
absorbedr 

1/2 

2 

12-7 

0-0004 

0-0020 

12-8 

1/4 

4 

10-8 

0-00848 

0-0015 

25-7 

1/8 

8 

ISO 

00086 

0-0122 

61-0 

1A6 

16 

16-8 

0-0086 

0-0124 

48-g 

The  experimental  reauks  whach  I  have  quoted  are 
0ufiicient>  perhaps,  to  iilluatrste  the  character  of  the  fer- 
mentative changes  which  baoteria  bring  about  in  effectinji^ 
the  purification  of  sewage  under  aerobic  conditions.  They 
are  not,  I  c^hould  state,  isolated  results,  but  are,  on  the 
contrary,  borne  out  in  the  conclusions  to  which  tfaer-  lead 
by  a  very  larse  number  of  other  experiments,  the  results 
of  which  will  be  found  recorded  in  the  papere  already 
referred  to.  I  have  also  a  oonsiderafble  volume  of  experi- 
mental evidence,  all  supporting  the  same  conclusions,  in 
preparation  for  publication. 

We  may  take  it  then  that  the  purification  of  sewage  by 
aerobic  bacterial  fermentation  is,  so  far  as  the  chemistry  . 
of  the  fermentative  changes  is  concerned,  a  question  of 
extreme  simplicity,  and  that  in  the  problem  of  the  puri-  ' 
fication  of  sewage  on  the  laige  scale  we  have  only  two 
conditions  of  first  importance  to  be  secured  for  successful' 
work.     They  are — (1)  a  very  larfire  and  oontinuous  growth 
of  bacteria,  and  (2)  a  constant  and  adequate  supply  of 
oxygen  for  the  same. 

If  the  supply  of  oxygen  be  wholly  drawn  from  the 
atmosphere,  there  is  only  one  known  successful  method  of" 
securing  the  above  two  conditions.  I  refer  to  the  nrocess 
of  natunfl  or  artificial  fiHxotion  in  which  the  nltering 
material  exposes  laige  suifiaces  upon  which  the  bacteria 
may  grow  and  accumulate)  and  the  intersticee  between  the 
filtering  mtaterial  provides  store  spaces  for  the  atmosphere.    . 

Other  methods  may,  however,  be  with  advantage  em- 
pk>yed,  if  other  avaifeble  sources  of  oxygen,  in  certain 
forms  of  combination,  be  employed  in  addition  to  that  of 
the  atmosphere  for  furnishing  the  necessary  supply  of 
that  element  to  bacteria.  Thus  the  insoluble  higher,  , 
oxides  of  manganese  may  be  employed  for  furnishing  the 
fteceaaanr  oxygen  supply  for  the  complete  aiftobic  fermen- 
«Ai<'^^  5|#^e  suspended  oiganic  matten  cf  w^pf^e. 


Again,  small  quantities  of  nitrate  of  soda  may  be  em- 
ployed in  company  with  the  atmosphere  to  furnish  the 
necessary  oxygen  supply  for  the  complete  aerobic  fermen- 
tati-on  of  the  dissolved  oiganic  matters  of  sewage. 

I  will  first  consider  the  chemical  behaviour  of  the  higher 
oxides  of  manganese  when  mixed  with  the  suspended 
mattere  of  sewage  in  the  form  of  ordinary  sludge. 

« 

Suspended  Matters  in  Sewage. 

Peroxide  op  Manganese. 

A  Source  of  Oxyge.st  Supply  for  Aerobk* 

Fermentation. 

The  fact  that  the  higher  oxides  of  manganese,  whe>i 
mixed  with  sewage  solid  matters,  prevent  the  same  frouk 
becoming  offensive  has  been  observed  by  the  late  Mr. 
MacDonald  Graham  and  by  Professor  W.  N.  Hartley, 
F.B.S.  The  foimer  regarded  their  influence  as  depen- 
dent in  some  unexplained  way  upon  the  presence  of 
phosphorus  compounds  ;  the  latter  observer  has  sug- 
gest^ that  their  influence  was  probably  due  to  an  oxi- 
dizing action  in  the  presence  of  micro-oiganisms.  The- 
first  direct  experimente  on  the  subject  are  recorded  in 
two  papers,  one  of  which  I  have  already  referred  to 
(Trans.,  K.  D.  S.,  vol.  vi.,  1807),  the  other  entitled 
"  The  Beduction  of  Manganese  Peroxide  in  Sewage."  and 
published  in  the  Scientinc  I^oceedings  of  the  R  D.  S.,' 
vol.  viii.,  p.  247,  1894. 

In  these  papers  it  is  shown  that  wiien  compounds  of 
manganese  are  employed  for  clarifying  the  sewage,  sludges 
are  obtained,  which,  when  drained  and  kept  in  heaps, 
undergo  slow  aerobic  bacterial  fermentation  resulting,  ia 
the  presence  of  a  sufficient  quantity  of  peroxide  of  man- 
gtoese^  in  the  complete  fermentation  of  the  solid  organic 
maliteiB  in  the  sludge,  and  in  the  reduction  and  conversion 
^f  an  equivalent  quantity  of  peroxide  of  manganese  to 
mnnganous  cai*bonate. 

The  products  of  the  fermentation  of  iiie  oiganic  matters 
under  these  circumstances  are  precisely  similar  to  those 
which,  as  shown  by  the  above  tables,  are  obtained  by  th«' 
aerobic  fermentation  of  dissolved  organic  matters. 

The  organic  colouring  matters,  which  are  found  :n  thv 
sludges  alter  this  process  of  fermentation  has  been  com- 
pleted) have  been  found  to  amount  to  upwards  of  8  per 
cent.,  calculated  on  air-dried  samples  of  the  sludge.  On 
careful  esSamineibion  they  Jiave  been  discovered  to  be 
exactly  similar  in  chenncal,  fermentative,  and  physical 
properties  to  the  "humus"  of  oidinary  cultivated  soiL 

The  chemical  changes  which  the  peroxide  undeigoea. 
during  this  process  of  fermentation,  may  be  represented 
by  the  following  equations  :— 

(1)  2Mn02=2MnO+Os 

(2)  C  +  08=C02 

(3)  MnO  +  C02=MnCOn 

These  reactions  will  be  found  on  calculation  to  give  rise 
to  a  considerable  quantity  of  heat,  and  constitute,  there- 
lore,  a  source  of  considerable  eneigy  to  the  oiganisms. 

Dissolved  Organic  Matters  in  Sewage 

Nitrate  of  Soda  a  Source  of  Oxygen  Supply  for 
Aerobic  Bacterial  Fermentation. 

It  is  known  and  now  generally  accepted  that  the  prin- 
cipal chemical  function  that  nitrates  discharge  in  any: 
bacterial  fermentation  they  take  part  in,  is  to  supply 
oxvgen  to  the  bacteria,  and  that  in  doing  so  they  undergo- 
a  decomposi/tion,  according  to  the  folbwing  eqiatioii :  — 

4NaN03 = 2N2  +  2Na20  +  50;^ 

As  an  example  of  their  power  of  supporting  aerobic  fer- 
mentation, I  may  quote  an  experiment  with  a  sample  of 
crude  sewage,  conducted  similarly  to  the  experiments  de- 
scribed in  the  above  tables.  The  suspended  matters  of 
the  sewage  were  separated  by  filtration  through  paper,  it 
was  then  mixed  with  a  small  quantity  of  nitrate  of  8oda« 
and  preserved  completely  out  of  all  contact  with  the  air 
for  two  months.  The  following  figures  were  obtained  on 
analysis  before  and  after  keeping  :  — 

COj  O2  N,        NasNH, 

Before  -      80-87  3*8  17*57  0-0« 

After     -    315-0  0  24-29  O'CIS 


+  22413 


-3-8       +672 


+0-02 


I  may  add  that  a  similar  volume  of  the  same  sample  of 
sewage  when  fermented  in  the  presence  of  atmospheriir 
oxygen,  yielded  245  irUnmes  of  carbonic  acid,  and 
sumed  2TO  voJrTi^ir  ''  "  fSfen. 
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The  impovtance,  however^  of  this  function  of  mtzate  of 
«oda»  ao  far  as  iJie  treatment  of  aevage  on  the  Urge  scale 
JB  ooncemed,  depends  upon  the  fact  that  when  present  in 
-amall  quantity  in  sewage,  they  do  not  suffer  appreciable 
change,  ezcepit  in  the  entire  absence  of  dissalved  atmo- 
aphenc  ox^Qgen.  In  o4^her  words,  nitrates  do  not  discharge 
ihnr  function  wherefver  atmospheric  oxygen  can  pene- 
tnite  into  the  mass  of  the  fermenting  sewage. 

This  fact  is  admiralbly  ilkiiMiraied  by  the  results  of  the 
two  fofiowing  experiments  with  two  samples  of  slightly 
polluted  river  water : — 


CX). 


<>, 


X  a»  NH.,     N  M  N,0,  !  X  as  N.O, 


ll 


'^{ 


116-06 
128-68 

5*90 
0 

15-06 
17*17 

0-0044 
0*006 

0*00024 
0 

0*00092 
0*009 

+7*68 

—6-99 

+2-09 

+0-0006 

—0*00024 

-0*00092 

116-39 
119-71 

7*88 
0 

16-68 
16-68 

0-0013 
00006 

0*00018 
0*00016 

0*01084 
0-01174 

+S-22 

—7-38 

— 

-^•0007 

—000002 

+0*0000 

These  two  experiments  were  carried  out  similarly  to 
those  already  referred  to. 

From  the  first  analyrls  it  is  evident  all  the  dissolved 
-oxygen  wae  consumed,  and  a  reduction  of  a  small  quantity 
of  nitiwte  took  place,  since  some  gaseous  nitrogen  was 
formed  and  the  nitnvtes  were  present  in  less  quantity 
sAer  the  fennentation  than  before.  In  the  second  ex- 
X>eriment  no  reduction  of  nitrate  todc  place,  although  it  is 
•evident  from  the  volumes  of  carbonic  acid  formed  and  of 
oxygen  coneumed  a  fenmentation  of  organic  matter 
occurred. 

To  sum  up  generally  the  facts  which  have  been  experi- 
mentally determined  as  to  the  fermentative  changes  which 
may  occur  in  a  sewage,  we  now  know  that  aerobic  fermen- 
tation will  take  place  in  it,  to  the  exclusion  of  anaerobic 
fermentation,  so  long  as  the  supply  of  oxygen  is  present  in 
it,  either  in  the  free  form  as  dissolved  oxjrgen,  or  in  the 
tx>mbined  form  as  nitrates,  and  we  know  also  that  if  both 
forms  be  present,  the  latter  will  not  be  affected  by  the 
fermentation  till  the  former  has  been  all  consumed. 

Bklative  Rates  at  which  the  Fermextative  Chakobs 

Proceed  ttnder  Different  Cokditions  of 

Oxygen  Supply. 

We  may  infer  from  the  foregoing  what  has  been  found 
4IS  an  experimental  fact  in  reference  to  the  factor  time, 
that  the  conditions  under  which  bacteria  effect  chemical 
changes  most  rapidly  is  that  in  which  oxygen  is  supplied 
to  them  in  the  free  atmospheric  fonn,  next  in  jKAni  of 
time  is  thalt  in  which  the  oxygen  is  supplied  in  the  com- 
bined form  of  nitrate,  and  next  in  the  combined  form  as 
manganese  peroxide. 

Under  anaerobic  conditions  chemical  change  is  effected 
extremely  slowly. 

It  is  weU  to  bear  in  mind  that  the  discovered  influence 
of  the  form  in  which  oxygen  is  supplied  on  the  velocity 
of  bacterial  fermentative  chanse  is  precisely  what  would 
have  been  anticipated  from  tnermo-chemical  principles. 
This  is  of  importance,  since  the  Question  of  the  purifica- 
tion of  the  sewage  of  a  town  is  really  a  queafaion  of  malong 
provision  for  adequate  chemical  energy,  the  data  for  tibe 
exact  calculation  for  which  provision  can  now  be  accu- 
mtely  ascertained  by  suitable  methods  of  analysis. 

Application  of  Scientific  Principles  on  the  labob 

SCALE  BY  the  OxYGEN  SeWAOE  PuBITICATION 

Systek. 

The  scientific  principles  which  I  have  briefly  described 
have  been  applied  to  the  purification  of  sewage  on  the 
large  scale  by  Mr.  W.  Kaye  Parry,  M.A.,  C.E.,  of  Dublin, 
with  the  aasirtance  of  Mr.  James  Carson,  C.E.,  of  Dublin, 
and  of  Mr.  T.  A.  Shegog,  A.E.C.Sc.L,  F.I.C.,  director 
of  Technical  Insitruction  under  thje  Monmouthshire 
County  Oouncil. 

By  the  united  efforts  of  these  sentlemen  it  has  been 
demonstrated  that  it  is  quite  possible  to  successfully  treat 
sewage  on  the  large  scale  upon  these  principles. 

The  Oxysen  Sewage  Purification  Company  have  erected, 
under  the  direction  of  Mr.  Shegog,  a  factory  at  Newport, 
Monmouthshire,  for  the  manufactoxe  of  a  sewage  precipi- 
tant from  flue  dusts. he  obtained  from  ferrp-manganese  fur- 
naces, and  from  certain  manganiferous  ores. 
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This  precipitant  is  termed  "  oxanite.".    It  consista  of  .-i    Mr.  w.  JS. 
crude  sulphate  of  manganese  mixed  with  the  higher  oxides  d  g^^'^'.o. 
of  iJiat  elraient    It  can  be  sdd  in  small  lots  at  4S8.  per     '  -11^' ' 
ton  at  works.  »  oct^aw. 

With  reference  to  use  of  nitrate  of  soda,  it  has  bocn 
found  that  one  half  to  two  grains  per  galloa  ia 
quite  sufficient  to  afford  a  most  satisfactory  effluent  from 
any  ordinarv  town  sewage,  an  effluent  in  which,  wl^en 
kept  in  corked  bottles,  aerobic  fermentation  is  rapidly 
completed,  and  in  which  no  putrefactive  fermentation 
takes  place. 

The  nitrate  of  soda  is  added  to  the  sewage  after  the 
latter  has  been  clarified,  and  aa  it  passes  from  the  pre- 
cipitation tanks  to  what  are  termed  biological  tanks. 
These  tanks  are  worked  continaously  to  ensure  a  constant 
presence  of  a  large  and  active  bacterial  growth  within  its 
oodtepte.  Open  networks  of  porotia  mi^riid  should  also 
be  buik  in  i^ese  bi<^ogical  tai»s,  to  provide  ample  aaxface 
upon  which  bacteria  may  grow  and  accumulaite. 

WOBKS  WHICH  HAVE  BEEN  EBECTED  FOB  THB  APPLXCATIOH 

OP  THB  Oxygen  Pbocess. 

In  the  Aopendix  attached  to  this  statement)  and  which 
has  been  drawn  up  by  Mr.  Parry,  drawings  and  state- 
ments will  be  fouml  aa  to  cost  of  erection  of  the  works 
which  he  has  designed  for  the  installation  of  the  process 
at  the  Lunatic  Asylum,  Dundrum,  co.  Dublin,  at  the 
PbHce  Barradcs,  Chapeliasod,  co.  Dublin,  and  at  North- 
alleiton,  Torkahire. 

Mr.  Parry  has  also  given  some  salient  particulars  as  to 
the  method  of  operating  these  works. 

For  further  details,  or  for  particulars  as  to  the  applica- 
tion of  the  process  to  large  volumes  of  sewage,  it  would 
be  advisalble»  I  think,  to  make  application  directly  to  Mr. 
Parry. 

Efpicibncy  op  Tbaatmbnt. 

DlTNDBtrX  WOBKS. 

The  works  at  Dundrum  have  been  in  operation  at  Dun- 
drum  for  seven  years,  and  I  can  speak  from  nersonal  cb- 
servation  of  what  the  process  has  effected  in  that  locality. 

The  effluent  from  the  works  discharges  into  an  open 
ditch  which  receivea  the  land  drainage  and  cess-pit  over- 
flows, and  also,  I  aon  informed,  other  sewage  matters, 
from  some  neighbouring  residences  and  houses. 

The  volume  of  water  flowing  through  this  ditch  is, 
during  winter  seasona,  generally  about  four  to  six  times 
that  of  the  effluent  discharged  into  it  from  the  asylum. 

This  ditch  opens  out  into  an  ornamental  pond  some  four 
hundred  yards  below  the  outfall  of  the  asylum.  At  the 
time  when  the  oxygen  system  was  first  inatailed,  this  pond 
was  in  a  most  foul  state,  the  bottom  being  covered  with  a 
black  stinking  mud,  three  or  four  feet  deep,  and  consist- 
ing of  sewage  matters,  decaying  vegetable  matters,  and 
clay. 

The  pond  wa^,  in  fact,  so  foul  that  the  top  of  this  mnd 
was  covered  with  a  red  fungoid  growth,  so  characteristic 
of  anaSrobic  fermentation,  when  exposed  to  strong  day- 
light. The  state  of  this  pond  has  been  entirely  changed 
by  the  operation  of  the  oxygen  process.  I  made  a  care- 
ful inspection  of  the  ditch  and  pond  last  April  in  company 
with  Mr.  Parry  and  others.  We  found  that  the  mud  on 
t^e  bottom  of  the  pond  was  quite  free  from  offensive 
odour  and  of  a  day-like  colour  to  within  an  inch  or  two 
of  the  hard  bottom  of  the  pond  ;  the  surface  of  the  mud 
was  moreover  here  and  there  covered  with  a  green  growth. 
The  water  was  at  the  same  time  quite  sweet  and  clear. 
There  is  no  doubt  in  my  mind  that  this  state  of  thincs 
has  been  entirely  brought  about  by  the  influence  of  the 
nitrate  of  soda  which  is  discharged  into  the  ditch  with 
effluent,  in  promoting  aerobic  and  preventing  anaerobic 
fermentation. 

There  was  also  evidence  to  show  that  the  higher  oxidee 
of  manganese  in  the  **  oxanite ''  employed  for  precipitation 
was  exercising  a  beneficial  influence  in  the  ditch  aa  well 
as  in  the  precipitation  tanks. 

Particles  of  these  oxides  had  escaped  with  the  effluent, 
and  had. been  deposited  along  the  bottom  of  the  ditch, 
forming  a  thin  layer  of  clay-like  mud.  There  can  be  little 
doubt  that  this  layer  of  mud,  mixed  as  it  certainly  was 
with  aerobic  organisms,  and  in  the  presence  of  atmospheric 
oxj^en  and  nitrates  disserved  in  the  wateni  flowing  over 
it,  exercises  a  most  rapid  purifying  influence  on  thoee 
waters. 

For  preci^tation  purposes  at  the  works  ''oxanite"  wi^h 
smaU   quantities   of  lime    are   being  employed. 
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sludges  obtained  are  free  from  offeoflive  odour,  as  are  also 
the  tanks. 

I  am  infonned  that  the  Medical  SuperJutendeat  of  the 
Asylum  gave  evidence  before  a  Local  Government  Board 
Inquiry,  held  at  Bhymney,  South  Wales,  last  January, 
to  the  effect  thai  he  was  entirely  saitisfied  with  the  results 

obtained  by  the  process,  and  to  the  effedb  that  the  sludges 
were  stored  in  heaps  in  the  open  until  when  required  tor 
use  as  Inanure,  and  that  they  caused  no  offence  when 
kept.  He  has  infonned  me  that  these  sludges  make 
admiralble  manure  for  cabbages. 

.Th^  quantities  of  chemicals  used  in  the  treatment  are 
^  about  15  grains  per  gallon  of  oxanitei  about  5  of  lime,  and 
'about  5  of  nitrate. 

This  exceptionally  heavy  treatment  is  employed  for  two 
reasons.  During  certain  days  of  the  week,  the  jprecipita- 
tion  tanks  are  oonsidersubly  overworked,  and  it  is*  there- 
fore, necessary  to  procure  a  heavy  precipitation  to  ensure 
sufficient  claioiioation.  The  laige  quantity  of  nitraJbe  is 
employed  to  prevent  the  sewage  with  whidh  the  effluent 
is  mixed  in  the  ditch  from  setting  up  putrefaction. 

CUAPELIZOn  WOBES. 

The  works  erected  aib  Chapelizod  represent  the  latest 
designs  by  Mr.  Parry  for  applying  the  oxygen  system  to 
isolated  butldingp,  and  they  have  been  tovmd  most  efficient 
in  effecting  purification  and  most  oonvenient  in  operation. 

I  have  permasedon  from  Professor  Hartley  to  append  the 
following  expression  of  opinion  by  him  as  to  the  efficiency 
of  oxanite  as  a  precipitant,  and  as  to  the  general  efficiency 
of  these  works:  — 

"Ballater,  A'berdeenshdre, 
'  "  August  24th,  1898. 

''  Gentlemen, — ^In  former  r^orts  presented  to  you  on 
the  working  of  the  Oxygen  Sewage  Purifixsaltion  Process  I 
made  no  reference  to  ^e  efficiency  of  the  special  precipi- 
tant wluch  is  now  in  use.  As,  however,  the  empifoyment 
of  a  material  prepared  under  my  direction  similar  in  com- 
poeittion,  was  the  subject  of  experiments  carried  out  by 
me  in  1887,  I  am  in  a  posdtion  to  state  that  it  ie  the  most 
effective  agent  for  causing  the  oomplete  and  rapid  sub- 
sidpnce  of  sludge  from  sewage,  tube  sludge  dries  on 
removal  from  the  tanks  if  the  liquid  is  aUowed  to  drain 
away,  and  a  continual  process  of  oxidaibion  proceeds  in 
the  moist  mud  even  until  it  is  dry,  oxygen  horn  the  air 
being  oontinu«Jly  absorbed  by  the  mineral  oonstdtuents  of 
the  precipitant.  The  hig-hly  oxidised  products  are  uti- 
lised by  the  micro-organisms  in  oxidising  the  organic 
matter  of  the  sludge,  the  action  being  so  eneigetic  so  as 
to  cause  a  rise  of  -temperature. 

"  In  Januarv  last  I  visited,  without  previous  appoint- 
ment and  quite  unexpectedly,  the  works  erected  at 
Chapelizod,  near  Dublin.  The  whole  of  the  plant,  in- 
cluding imcovered  tanks,  was  enclosed  in  a  building  only 
just  sufficienlUy  laige  to  contain  it.  Though  there  was  no 
ventilation  and  the  building  had  been  entirely  shut  up 
ance  9  a.m.,  the  air  of  ^e  ouilding  at  3  p.m.  was  quite 
free  from  odour  of  sewage,  there  being  no  noticealble  smell 
of  any  kind,  iiverything  presented  such  an  appearance 
'  of  deanlinesB  that  the  p^ect  working  of  the  system  was 
clearly  demonstrated. 

''I  am,  Gentlemen, 

<'  Youm  faithfully, 
"(SigBed)  W.  N.  Hartlet. 

"To  the  Directors  of  the  Oxygen  Sewage  Purification 
Company^  Limited,  Dublin." 

KOBTHALLBBTON  WOBXS. 

The  works  at  this  place  have  been  designed  to  deal 
with  the  sewage  of  a  town  containing  4,000  inhabitants, 
in  other  woids,  with  about  100,000  gaUobs  of  seiwage  per 
day.  They  have  only  just  been  ert»rted,  but  I  ami  able 
to  state  from  information  supplied  to  me  by  Mr.  ^egog, 
under  whose  supervision  the  works  are  being  put  into 
operation,  that  with  the  treabnent  of  10  to  12  grains  per 
gallon  of  oxanite,  and  of  one  to  two  grains  of  nitrate  of  soda 
per  gallon,  excellent  results  are  obtained,  and  that  the 
affluent  remains  perfectly  sweet  on  keeping. 

OOST  OF  GESiaOAIi  TbBATWKNT  at  NORTHALLIETON. 

The  above  quantities  of  10  and  12  grains  per  gallon  of 
oxanite,    represents  an   expenditure,  per   one    million 

gallons  treated,  of  2ds.  to  346.  for  oxanite  and  12s.  to  24s. 

for  nitrate,  exclusive  of  cost  of  carriage.  Against  this  cost 
must  be  considered  the  very  slight  amount  of  labour  which 
is  required  for  working  the  process,  compared  with  a 
filtrafUon  process,  and  the  fact  also  that  fiUi'ition  pro- 


cesses necessitate  in  many  localities  the  pumping  of  liie 
sewage  before  treatment,  a  necessity  whidi  the  osjgm 
system  would  in  most  cases  obvialte.  This  is  exempHfied 
at  Dundrum,  where,  owing  to  insufficient  fall,  the  whole 
of  the  sewage  would  have  to  be  pumped  before  it  could 
be  treated  by  a  filtration  process.  The  heavy  charge  for 
filter  beds,  and  for  their  maintenance,  must  likewiM  be 
taken  into  consideration. 

Another  saving  in  cost  of  tresitmenit,  which  can  be 
effected  by  the  oxygen  process,  when  employed  on  a 
sufficient  large  scale,  is  the  possibKliiity  of  recovering,  by 
ample  means,  the  manganese  from  the  fermented  sludges, 
in  a  form  suitable  for  re-use  as  a  precipitant. 

I  ought  to  add  that  the  use  of  mtrate  of  soda  and  oxanite 
and  other  important  details  of  the  oxygen  process  are 
protected  b^  "LMers  Patent,  the  proper^  of  the  Oxygen 
Sewage  Purification  Company,  of  DulbKn. 

Methods  of  Analyses  of  Sewaoe  aio)  07  Sewaqb 

Efflttxnts. 

I  should  like  to  point  out  before  concluding  that  the 
experimental  results  which  are  given  in  the  earlier  part 
of  this  statement  lay  the  foundation  for  an  accurate  and 
ratLonal  method  of  analyses  of  sewage,  as  well  as  indicate 
the  lines  along  which  purification  should  be  carried. 

The  consideration  of  this  subject  would,  however,  make 
this  statement  much  too  long,  but  I  should  be  happy  to 
give  evidence  upon  it  at  a  future  date  should  this  Com- 
mission desire  it. 
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APPENDIX. 

Giving  Designs  op  Works,   Cost  op  Erection,  and 

Pabticxtlars  op  Working. 

By  W.  Kate  Parbt,  M.A.,  C.E. 

The  Oxygen  Sewage  Purification  Company,  Limitkd. 
Installation  at  ifUNDRUM,  Cottnty  Dtjbi^ 

Works  designed  to  purify  a  quantiiy  of  sewage  not  ex- 
ceeding 15,000  gallons  per  day. 

[(See  Drawing.]  xw&Au 

Cost  of  works  about  £500. 

The  works  oonsigt  of  a  series  of  three  deep  tanks  on  the 
Doitmtmd  principle.  Each  tank  has  a  central  shaft  down 
which  the  sewage  is  conducted  and  a  series  of  arms  or 
spreaders  by  which  it  is  distrilbuted,  the  liquid  rises 
through  the  body  of  water  to  the  suxface  and  passes  out 
of  the  tanik  at  the  same  level  as  it  enters  it.  The  sludge 
is  drawn  up  from  the  botb(»n  of  the  tanks  through  a 
central  suction  pipe  connected  with  a  cylinder  which  has 
been  exhausted  by  an  air  pump.  The  sludge  is  Miruoved 
by  hand,  air  dried,  and  used  as  manure. 

The  sewage  as  it  enters  th<e  first  tank  adtuates  ^  Wooer 
wheel  by  which  the  necessary  suppHes  of  the  ^nemicals 
are  regulated. 

October  14,  1898.  »r.  Kayx  Parry. 


The  Oxygen  Sewage  x  ubiimcation  Company,  Limited. 
Installation  at  Chapeuzod,  County  Dublin. 

Works  deigned  to  purify  a  quantify  of  sewage  not  ex- 
ceeding 1,200  gallons  per  <ky. 

[See  Drawing.] 
Cost  of  works,  about  £300. 

Th«se  works  were  designed  after  the  Dundrum  installa- 
tion had  been  at  work  for  some  jenrs,  and  tho  improve- 
ments were  the  result  of  experience  obtained  at  Dun- 
drum. 


Api>eiiDit 
No.  17  iB). 


The  works  consist  of  a  series  of  four  circular  tanks  on 
the  Dortmund  principle,  but  the  central  shafts,  the 
spreading  arms,  the  suction  pipes,  the  cylindera,  and  the 
air  pump  have  been  dispenaed  with. 

The  sewage  after  flowing  over  the  wheel  which  regulates 
the  feed  of  the  chemical  re-agents  flows  into  tank  l^o.  L 
It  passes  into  tank  No.  2  through  a  low  level  communi- 
dvting  pipe,  and  rising  to  the  suiface  level  flows  out  of 
tank  Ko.  2  at  the  same  level  as  it  entered  No.  1.  Tanka 
Nos.  3  and  4  are  similarly  arranged. 

By  means  of  valves  and  sluices  any  one  tank  can  be 
cut  out  of  circuit  for  cleaning. 

fhe  shidge  is  drawn  off  by  sluice  valves,  opening  into  a 
central  weH  or  sump.     A  bucket  is  lowered  by  a  differen- 
tial pulley,  traveUing  on  a  circular  ovezdiead  raiL     The 
-  bucket  can  be  hung  under  any  one  of  the  four  sluices. 
The  valve  is  then  opened,  and  the  thick  shidge  passes 
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into  iho  bucket.  When  the  bucket  is  full  the  sluice  is 
shut  down  and  the  bucket  raised  to  the  surface.  All  this 
is  done  from  above,  without  descending  into  the  sump  or 
well. 

If  a  tank  requires  to  be  emptied  the  contents  are 
allowed  to  flow  into  the  sump,  and  are  then  pumped  up 
by  a  chain  pump. 

The  inside  faces  of  the  tanks  are  finished  in  Medina 
cement,  traweUed  smooth,  and  can  be  easily  brushed 
down  without  emptying  the  tanks. 

One  buckeitful  of  sludge  is  lifted  rerjr  day.  The  bucket 
b  fitted  with  trunnions,  and  when  lifted  and  detached, 
drops  into  a  small  two- wheel  "carriage."  It  is  easily 
wheeled  away  by  one  man.  The  contents  are  emptied* 
•dr  dried,  and  used  in  the  garden. 

The  woi^s  are  in  charge  of  a  labouring  man. 

October  14,  1898.  W.  Kayb  Fabry. 

The  Oxyobx  Sewage  PcTRnracATiON"  Company,  Limited. 

Installation  at  Nobthallerton,  Yobkshire, 

Works  designed  to  purify  a  quantity  of  sewage  not  ex- 
^p^^^^  ,.^  oeeding  100,000  gallons  per  day. 

VoAjin  [See  Drawing.] 

Cost  of  works,  about  £1,000. 

These  works  consist  of  two  sets  of  precipitation  tanks — 
one  incubstftlon  chamber  and  two  biological  tanks.  They 
are  designed  for  continuous  working. 

The  sewage  passes  into  the  works  through  the 
machinery  house,  working  the  wheel  for  the  feeding 
maohine,  as  in  other  cases. 

The  liquid  flows  through  the  set  of  three  tanks,  and 
tiien  enters  the  incubation  chamber,  from  which  it  passes 
inbo  the  biological  tanks,  and  thence  to  the  outlet. 

The  sludge  is  swept  out  into  weUs  or  sumps,  and 
pumped  up  on  to  the  surface  by  chain  pumps  ;  it  is  then 
air-dried  and  removed. 

The  tanks  are  designed  for  continuous  working,  and 

not  intermittent.  Shallow  tanks  were  adiopted  owing  to 
the  chanclter  of  the  ground,  but  deep  tanks  on  the 
Dortmund  principle  would  give  more  rapid  clarification. 

October  14,  1898.  W.  Kaye  Pabhy. 

2385.  (Professor  Bamsay.)  Perhaps  it  will  be  most 
useful  to  the  Commission  if  I  take  your  very  last  sentence 
first  It  runs  :  "  I  should  like  to  point  out  before  con- 
cluding that  the  experimental  results  which  are  given  in 
the  earlier  part  of  this  statement  lay  the  foundation  for 
an  accurate  and  rational  method  of  analyses  of  sewage, 
as  well  as  indicate  the  lines  along  which  purification 
shonl^l  be  carried.  The  consideration  of  this  subject 
would,  however,  make  this  statement  much  too  long,  but 
I  should  be  happy  to  give  evidence  upon  it  at  a  future  date 
should  this  Commission  desire  it.''  I  should  like  to  ask 
yon  generally  what  you  consider  to  be  the  meaning  of 
such  statements  as  that  ''the  sewage  gives  so  much 
ammonia,"  ''so  much  albuminoid  ammonia,"  "so  much 
oxygen  absorption,"  and  so  on,  if  I  might  ask  you  for  those 
facts  I — ^I  may  say  that  for  my  own  work  those  convey  really 
no  concrete  meaning  to  my  mind,  as  to  the  real  state  of 
the  sewage. 

2386.  To  begin  with  the  free  ammonia  ? — The  free  am- 
monia, yes. 

2387.  What  do  you  regard  as  signified  by  the  pre- 
sence of  free  ammonia  in  the  sewage? — ^The  analysis  of 
any  crude  sewage  giving  the  quantity  of  ammonia  it  con- 
tained would  give  an  indication  of  the  degree  of  foulness 
of  that  sewage,  I  think.  I  regard  the  free  ammonia  deter- 
minations as  valuable  with  fresh  sewage  as  indicating  tiie 
foulness  of  the  sewage.  On  keeping  sewage  the  free 
ammonia  determinations  are  valuable  because  they  may 
indicate  whether  fermentation  is  going  on  in  that  sewage  or 
not. 

2388.  The  sewage  as  it  leaves  the  human  body  contains 
no  free  ammonia  ?— No,  the  solid  sewage  does  not,  or  very 
Httle. 

2389.  Is  that  subsequently  developed  in  tlie  sewers  ? — 
Well,  it  is  contained  in  urine. 

2300.  Free  ammonia? — ^Free  ammonia,  yes. 

2301.  In  quantities  which  are  appreciable? — Oh,  dis- 
tinctly appreciable.  And  then,  of  course,  fermentation 
foes  on  in  the  sewers,  and  the  fermentation  of  the  urea  in 
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urine  is  very  rapid,  and  an  increase  of  ammonia  conse- 
quently takes  place  rapidly. 

2392.  Then  passing  on  to  albuminoid  ammonia,  what 
does  its  presence  imply? — ^Well,  I  may  really  say,  to  my 
mind,  it  implies  nothing  so  far  as  sewage  is  concerned.  It 
is  really  of  no  scientific  value  when  dealing  with  the  sub- 
ject of  the  foulness  of  sewage,  or  with  the  subject  of 
sewage  purification ;  to  my  miiul  it  has  really  no  concrete 
significance. 

2393.  But  it  is  invariably  stated  that  sucli  and  such  a 
process  of  treatment  of  sewage  decreases  the  amount  of 
albuminoid  ammonia  and  the  conclusion  is  drawn  from  that 
that  the  process  is  more  or  less  good  ? — ^That  conveys  no 
real  meaning  to  my  mind. 

2394.  Can  you  give  your  reasons  why  it  conveys  no  real 
meaning  ? — Yes,  I  can.,  As  I  have  explained  in  the  paper 
which  I  have  handed  in  (pp.  189-191)  the  organic  matters 
of  sewage  undergo  during  purification  by  natural  agencies 
two  successive  and  distinctly  different  stages  of  chemical 
change  ;  during  the  first  stage  the  oiganic  matters  undergo 
fermentation  or  slow  combustion,  and  are  converted  into 
carbonic  acid,  water,  ammonia,  and  organic  colouring 
matters  ;  during  the  second  stage  the  two  last-named  pro- 
ducts are  further  oxidized  and  converted  into  nitric  acid 
and  carbonic  acid.  The  experimental  results  recorded  in 
Table  I.  illustrate  these  fermentative  changes,  and  de- 
monstralte  the  following  faicts:— ^1)  The  carbonic  acid 
formed  and  oxygen  consumed  by  the  complete  fermenta- 
tion of  the  organic  matters  in  sewage  are  directly  propor- 
tional to  the  quantity  of  the  fermentable  organic  makers 
in  that  sewage ;  (2)  the  nitric  acid  formed  and  oxygen 
consumed  by  the  after  fermentation  of  the  ammonia  are 
directly  proportional  to  the  ammonia  originally  present  in 
the  sewage  plus  that  formed  during  the  first  stage.  Hence 
if  a  sample  of  sewage  or  sewage  effluent  be  suitably  kept  or 
allowed  to  ferment  in  the  presence  of  oxygen  we  can 
ascertain  the  quantity  of  fermentable  organic  matter  in 
that  sample,  in  terms  of  the  volume  of  carbonic  acid 
formed  and  of  oxygen  consumed  by  their  complete  fermen- 
tation, and  we  can  determine  that  volume  of  oxygen  sepa- 
rately and  apart  from  that  required  for  the  after  fermenta- 
tion of  the  ammonia,  a  possibility  of  such  practical  impoit- 
auce,  since  this  second  stage  of  fermentation  presents  but 
little  danger  to  river  water,  unlike  the  first  stage,  which 
in  the  absence  of  sufficient  oxygen  invariably  seta  up  putre- 
faction. The  quantitive  relationships  between  the  pro- 
ducts of  fermentation  recorded  in  Table  I.  are  more  clearly 
indicated  in  the  table  headed  "From  Table  I."  The  pro- 
ducts of  fermentation  are  given  in  columns  1,  2,  and  3  of 
this  table.  In  the  last  column,  headed  No.  4,  you  will  see 
indicated  the  volumes  of  atmospheric  oxygen  actually  con- 
sumed during  the  fermentation  of  the  organic  matter  in  the 
sewage  experimented  with.  IX>  you  follow  me,  Dr. 
Bamsay? 

2305.  Tes.—Tou  will  observe  in  the  first  experiment 
the  fermentation  was  not  complete,  and  there  were  only 
sixty-four  volumes  of  atmospheric  oxygen  consumed  ;  but 
in  the  next  two  experiments  the  fermentation  of  the  or- 
ganic matter  was  complete,  and  there  you  get  123  in  one 
case,  and  132  in  another.  Those  differences  are  due  to 
experimental  errors.  If  you  go  on  to  the  second  experi- 
ment with  the  third  solution  you  will  see  174  indicated  as 
volume  of  oxygen  consumed.  That  is  the  volume  of  oxygen 
consumed  during  the  oxidation  of  the  ammonia.  Having  in- 
dicated what  I  consider  to  be  the  kind  of  information  we 
require  from  the  analysis  of  a  sewage  or  sewage  effluent,  I 
am  in  a  position  to  exphiin  my  reasons  for  regarding  the 
albuminoid  ammonia  test  as  of  no  value  for  indicating  the 
foulness  of  a  sewage  or  of  a  sewage  effluent.  The  sewage 
which  was  employed  for  the  experiments  which  I  have  just 
been  referring  to,  gave  the  following  results  when  exa- 
mined by  the  methods  of  analysis  in  common  use,  ex- 
pressed  as  parts  per  1,000  :  — 

Free  ammonia     -        -        .        -      0*0475 
Albuminoid  ammonia         -        -      0*00.') 
Oxygen  absorbed  from  standard^ 

])ermanganate    acting   in    the  -  50*2     ccs, 

cold  for  three  hours         -        -J 

It  is  only  necessary  to  remark  that  the  above  quantity  of 
albuminoid  ammonia  affords  no  indication  whatever  as  to 
the  quantity  of  organic  matters  in  the  sewage.  This  be- 
comes apparent  immediately  we  call  to  mind  the  fact  that 
no  albuminoid  ammonia  is  yielded  by  such  important 
fermentable  constituents  of  sewage  as  urea,  and 
non-nitrogenous  substances,  c.<7.,  soaps,  fats,  etc.  To 
bring  out  my  objection  to  the  albuminoid  ammonia  test 
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jfj*.  w.  X,  AS  clearly  as  possible,  I  must  ask  your  further  attentioii 
Dac'*'y?'c  *^  *^®  experiments  recorded  in  Table  EL.  in  my  paper 
JLJ.  '  '  (p.  191).      These  experiments  were  made  not  with  raw 
so.Oct.  1808.  iiowage,  but  with  a  purified  product  obtained  from  it  after 
careful  precipitation  and  filtration,  a  process  of  purification 
which  had  effected  the  complete  fermentation  of  organic 
matters  originally  present  in  the  sewage,  and  which  left 
only  the  ammonia  and  organic  colotiring  matters  for  fer- 
mentation.   This  fact  is  revealed  at  once  by  the  results 
recorded  in  the  table,  the  oxygen  contained  being  wholly 
iaken  up  by  the  fermentation  of  the  ammonia  and  oiganio 
^colouring  matters  in  the  sample.     The  quantitative  rela- 
tionships between  the  oxygen  consumed  and  the  products 
formed  in  these  experiments  are  shown  by  tha  table 
lieaded  ''from  Table  IL"      The    ordinary   methods   of 
4inalysis  yielded  the  following  results,  expressed  as  parts 
per  1,000: — 

Free  ammonia    -        -        -        -      0*017 
Albuminoid  ammonia         -        -      0*0012 
Oxygen  absorbed  from  standard] 
permanganate   acting    in  the  -  16*2    ccs, 
cold  for  three  hours         -        -J 

The  quantity  of  albuminoid  ammonia  here  indicated  is  just 
•one-fourth  that  given  off  by  the  unpurified  sewage,  out 
this  is  all  the  information  it  gives  us.  It  does  not  tell 
us  what  the  fermentative  tests  show,  viz.,  that  the  organic 
matters  present  in  the  effluent  had  completely  undergone 
the  first  stage  of  fermentation,  and  were  therefore  per- 
fectly harmless  to  river  water.  It  is  unnecessary  to  adduce 
more  evidence  to  show  that  the  albuminoid  ammonia  de- 
terminations in  the  case  of  sewage  and  sewage  effluents 
have  really  no  concrete  value,  and  that,  further,  the  use 
•of  the  method  for  the  analysis  of  such  liquids  is  really  un- 
scientific ;  although,  I  should  like  to  add,  of  great  value 
for  the  examination  of  potable  waters.  The  only  really 
trainable  result  I  consider  in  the  three  determinations 
which  I  have  just  given  you  is  that  of  the  free  ammonia, 
^here  you  see,  when  compared  with  the  first  set,'ni  very 
•distinct  reduction  of  free  ammonia,  indicating  indirectly 
that  you  are  probably  not  dealing  with  putrescent  or  fer- 
mentable organic  matter.  But  even  this  could  not  be  safely 
i^kken  for  granted  without  a  confirmatory  fermentative 
'test. 

2396.  Might  I  interrupt  you  at  this  stage,  Dr.  Adeney, 
and  ask  you  to  give  us  a  description  of  the  kind  of  way 
in  which  you  test  all  these — ^I  think  it  might  interest  the 
Commission  to  know  how  this  test  is  made? — ^Tes.  The 
«ewage  which  you  wish  to  examine  as  to  its  fermentative 
properties  must  be  allowed  to  ferment  in  the  presence  of 
atmospheric  oxygen.  Gknerally  a  crude  sewage  is  too 
foul  to  deal  with  accurately  in  its  raw  state,  and  it  is  neces- 
sary to  dilute  it  with  tap  water  so  that  the  fermentable 
•organic  matter  in  the  diluted  sewage,  and  the  atmospheric 
oxygen  which  is  at  the  disposal  of  the  bacteria  in  the  form 
of  dissolved  oxygen,  shall  be  fairly  equally  balanced.  You 
can  effect  this  practically  by  making  a  series  of  dilutions 
•of  the  sewage  with  good  tap  water,  such  as  I  have  illus- 
trated in  TMe  I. ;  thus  ^e  first  solution  in  the  table 
marked  one  in  ten,  means  one  volume  of  sewage  diluted 
with  nine  volumes  of  tap  water,  and  again  one  volume 
of  sewage  diluted  with  nineteen  volumes  of  tap  water,  and 
-60  on.  On  examining  these  different  solutions  after  the 
experiment  had  gone  on  some  time,  it  was  found  that  the 
first  solution  was  too  strong ;  that  is  to  say,  putrefactiye 
fermentation  had  set  in,  there  not  being  enough  atmo- 
spheric oxygen  in  the  solution  ;  consequently  that  experi- 
ment, so  far  as  indicating  the  completion  of  the  aerobic 
fermentation  of  the  organic  matter,  was  valueless.  In 
-bXL  the  other  solutions,  however,  the  atmospheric  oxygen 
was  in  excess  of  the  organic  matters  present,  and  the  suc- 
oessful  results  recorded  in  the  table  were  obtained. 

23G7.  One  may  take  putrefactive  fermentation  as 
synonymous  with  anaerobic? — Synonymous  with  anaero- 
"bic,  yes.  To  preserve  these  dilutions  from  contact  with 
air  during  fermentation,  they  are  kept  in  botties  which 
are  completely  filled,  and  these  bottles  are  stoppered  with 
glass  stoppers  and  turned  upside  down  and  immersed  in 
a  vessel  of  water,  so  as  to  keep  them  completely  out  of 
contact  with  air.  If  you  determine  the  quantity  of  car- 
l)onic  acid,  atmospheric  oxygen,  and  ammonia  and  nitrates 
in  these  different  solutions  to  start  with,  allow  them  to 
ferment  for  a  sufficient  time,  and  determine  the  same 
•constituents  again,  you  then  have  the  means  of  estimating 
the  organic  matter  that  is  present  in  the  sewage  in  terms 
cf  the  carbonic  acid  which  is  formed,  and  of  the  atmo- 
&r;)heric  oxygen  which  is  consumed ;  in  other  words,  you 
observe  quantitatively  exactly  what  a  given  volume  of 
irhe  sewage  will  do  if  delivered  into  a  stream  or  into  a  river. 
1  do  not  know  whether  I  make  myself  plain. 


2306.  I  think  so,  yes? — ^To  summarize  my  remarks  on 
the  analysis  of  sewage  and  of  sewage  effluents,  we  find 
from  the  table  headed  *'from  Table  iL"  that  we  may  have 
a  largo  absorption  ot  oxygen,  and  the  presence  of  con- 
siderable quantities  of  organic  matter  indicated,  neither 
of  which  represent  real  danger  to  a  river  water,  so  far  as 
putrefaction  is  concerned.  It  is  quite  impossible  that 
these  matters  could  set  up  putrefactive  or  anaerobic  fer- 
mentation, so  the  very  first  thing  we  have  to  do 
in  analysing  sewage,  or  effluents,  deahng  with  questions 
of  river  pollution  is  to  distinguish  between  what  organic 
matters  are  not  fermented  and  what  are,  and  to  determine 
the  quantity  of  the  former.  I  need  not  say  that  the 
albuminoid  ammonia  and  the  permanganate  test  will  not 
enable  you  to  make  these  distinctions. 

2399.  Then  may  I  ask  you>  with  reference  to  the  column 
which  you  head  ''Total  Sritrogen,"  that  ia,  nitrc^ea  in  the 
fifth  column  of  Table  I.,  that  nitrogen  has  no  sigzuificance 
except  in  showing  that  tho  analysis  had  been  oorreotly 
X>esf  ormed.  That  is  the  residual  nitrogen  in  the  gaeea  in 
solution,  I  understand? — ^Yes. 

2400.  And  has  nothing  whatever  to  do  with  the  fer- 
mentation?— ^And  has  nothing  whatever  to  do  with  the 
fermentation.  You  only  get  an  increase  in  the  dissolved 
atmospheric  nitrogen  when  you  have  anaerobic  fermenta- 
tion. 

2401.  Anaerobic  fermentation  ? — ^But  it  is  an  excellent 
index  of  the  accuracy  with  which  the  analyses  have  been 
performed. 

2402.  I  think  the  Oommission  understand  that  when 
the  sewace  is  left  in  contact  with  water  and  air  the 
sewage,  of  course,  has  no  influence  on  the  nitrosen  in  the 
air,  but  only  on  the  oxygen.  The  residue  of  nitrogen 
which  has  been  estimated,  however,  shows  that  the 
analjnses  are  compserable  with  one  another,  and  that  nitro- 
gen is  simply  the  residual  nitrogen  from  the  ur>  the 
oxygen  having  been  removed.  l£en,  passing  on  to  the 
nitrites  and  nitrates,  you  regard  these  as  the  products 
of  oxidation  of  ammonia  ? — ^Yes,  in  all  cases  of  sewage. 

2403.  Does  this  oxidation  take  place  in  one  stage  or 
in  two  ?  Let  me  put  my  question  somewhat  in  detaiU  Do 
you  regard  it  as  probable  that  the  organic  matter  first  fer- 
ments to  ammonia  by  being  acted  upon  by  one  ferment, 
amd  that  th«t  ammonia  is  subsequently  turxved  into  nitrites 
by  the  action  of  a  second  ferment,  and  lastiy  into 
nitrates  by  the  action  of  a  third? — ^That  is  my  belief. 
As  far  as  the  subject  has  been  woriced  out,  thfut  w  the 
prevalent  belief,  I  believe,  amongst  chemists  and  bac- 
teriologists. 

2404.  Then  would  you  regard  the  presence  of  ammonia 
as  a  sign  that  the  putrefactive  change  was  going  cm? — 
If  it  were  increasing. 

2405.  Not  if  it  were  diminishing? — ^Not  if  it  were 
diminishing. 

2406.  Do  you  regard  nitrates  as  the  product  of  oxida- 
tion of  the  ammonia  or  of  the  nitrites? — That  I  do  not 
think  there  is  sufficient  experimental  data  to  answer 
definitely.  I  can  only  give  you  the  prevalent  opinion, 
that  it  is  first  converted  into  nitrites  and  then  into  nitrates. 

2407.  WouW  you  regard  the  presence  of  nitrites  as 
dangetrous  to  health  ? — ^Not  necessarily.  It  is  only  an  in- 
dication that  the  fermentation  has  not  been  completed. 

2406.  But  a  total  (ftcidation  of  ammonia  into  nitrates 
would  show  that  the  sewage  is  no  longer  dangerous? — Oh, 
quite. 

2409.  Is  the  carbonic  acid  formed  an  index  of  the 
change  that  is  taking  place — ^I  mean  the  fermentative 
chafoge  taking  place — or  mi|[ht  it  not  be  caused  by  the 
gradual  oxidization  of  organic  matter  apart  from  fermen- 
tation ? — ^Well,  a  great  number  of  experiments  have  been 
made  on  that  subject,  I  believe,  more  particularly  by  Sir 
Edward  Frankland,  and  tho  conclusion,  I  think,  of 
cAiemcsts  who  have  interested  themselves  in  the  subject, 
very  greatly  influenced  no  doubt  by  Sir  Edward  Frax^- 
land's  experiments  and  ideas,  is  that  organic  matter  is  not 
oxidised  by  exposure  to  atmospheric  oxygen  in  solution. 
If  the  oxidization  does  take  place,  it  takes  place  so  slightiy 
as  to  be  inappreciable. 

2410.  Then,  passmg  once  more  to  the  question  of 
oxygen  absorbed,  have  you  any  views  as  to  the  ^ue  of 
the  ordinary  plan  of  treating  with  permanganate  of  potash, 
the  twenty  minutes  exposure  and  the  four  houra  ex- 
posure ;^  do  you  hold  that  as  quite  wortMess? — I  think 
myself  it  is  quite  worthless  for  giving  any  exact  idea  as 
to  the  chairacter  of  sewage.  I  will  give  you  my  reasons. 
It  does  not  distinguish  between  unfermented  and  fer- 
mented organic  matters,  as  I  have  made  evident  in  a  pre- 
vious answer,  and  is  therefore  unscientific  in  principle. 
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The  i>eniiaiigaiiate  of  poiaah  aoiiB  00  slowly  upon  certain 
albuminous  bodies.  For  instance,  anyone  may  do  this 
experiment  for  himself :  they  may  take  a  bucket  of 
crude  sewage  and  add  an  excess  of  pennanganate  of 
potash.  A^er  a  time  the  permanganate  of  potash  will 
either  be  decomposed  by  the  oi^ndc  nuvbter  or  be  de- 
composed by  contact  with  Jts  own  products  of  decomposi- 
tion, and  will  finally  disappear  from  the  sewaee  as  per- 
manganate of  potash.  Then  if  ^ou  will  allow  uie  sewaee 
still  to  remain  in  an  open  vessel  it  will  putrefy,  thus  show- 
ing thait  the  permanganate  of  pobaeh  has  not  oxidised  all 
the  organic  matter  although  added  in  excess.  The 
organic  matter  that  it  does  not  oxidize  is  precisely  that 
organic  matter  which  it  is  of  the  most  importance  to  deter- 
mine, namely,  the  nitrogenous  bodies. 

2411.  Th<en,  to  sum  up,  you  regard  the  examination  of 
sewage  as  valuaible,  inasmuch  as  it  has  determined  in 
what  direction  the  subsequent  fermentation  proceeds, 
whether  in  the  direction  of  anaerobic  fermentation  or  in 
the  direction  of  aerobic  fermentation? — ^Tes.  I  think  we 
must  regard  a  sewage  as  a  fermentable  or  a  fermenting 
liquid. 

2411.*  Which  may  ferment  in  two  ways? — ^It  may  fer- 
ment in  two  ways,  and  what  we  want  to  find  out  in  the 
sewage  is  how  much  fermentable  matter,  apart  from  its 
other  conartattuents,  that  sewage  contains^  and  w^hat  lengtii 
of  time  it  will  take  to  ferment  under  most  favourable  cir- 
cTunstemces,  and  what  volume  of  atmospheric  oxygen  it 
requires  for  its  complete  aerobic  fermentation.  When  we 
have  got  those  data  we  know  exactly  what  volume  of  river 
water  we  have  to  dihite  it  with  in  order  to  prevent  it  from 
Iver  putrefying.  If  we  have  a  known  volume  of  crude 
lewage  to  deal  with,  and  if  we  know  how  much  atmospheric 
oxygen  It  reouires  for  the  fermentaiaon  of  its  organic 
matters,  we  tnen  have  all  the  data  necessary  for  cabu- 
lating  what  bulk  of  river  water  may  safely  receive  that 
volume  of  sewage  without  the  fear  of  after  putrefaction. 

2412.  I  should  like  to  pass  on  next  to  ask  you  if  you 
have  any  views  on  the  two  rival  systems  of  aerobic  and 
anaerobic  fermentation.  You  hold  it  is  valuable  that  the 
sewage  should  undergo  anaerobic  fermentation  before  it  is 
finally  aerated  ?— Well,  I  think  it  is  fair  to  say  that  my 
study  has  been  almost  entirely  confined  to  aerobic  fer- 
mentation, and  that  whereas  I  have  published  a  large 
volume  of  experimental  work  on  aerobic  fermentation, 
and  therefore  have  some  reasons  for  the  opinions  I  have 
expressed,  I  have  no  such  volume  of  experimental  work 
ui>on  which  to  found  any  solid  opinions  on  anaerobic  fer- 
mentation, so  far  as  its  being  of  value  for  treating  sewage 
on  a  large  scale  is  concerned.  Of  course,  I  have  met  with 
it  in  my  own  experiments,  and  with  my  experiments  in 
mind  I  have  been  surprised  to  hear  from  gentlemen  who 
were  working  with  anaerobic  fermentation  that  they  are 
hopeful  that  anaerobic  fermentation  can  be  induced  to 
proceed  so  quickly  as  to  be  of  real  value  in  the  treatment 
of  sewage  on  a  large  scale.  I  may  iUustrate  what  I  mean 
by  reference  to  actual  experiments.  I  have  taken  a  cer- 
tain sewage  and  a  very  foul  one,  and  I  have  allowed  it  to 
fall  slowly  drop  by  drop  through  about  1^  feet  depth  of  a 
filter  composed  of  coarse  pieces  of  pumice.  I  have  started 
this  experiment  in  the  evening  and  I  have  found  next 
morning  ithat  the  liquid  that  has  passed  through  this 
pumice  float  has  been  completely  fermented  so  far  as  the 
organic  matters  were  concerned.  That  is  a  matter,  you 
see,  of  the  fermentation  of  a  really  very  foul  sewage  in 
the  course  of  a  few  hours  by  aerobic  fermentation.  I  have 
also  taken  another  sample  of  the  same  sewage  and  I  have 
put  it  in  a  tall  cylinder  about  16  inches  high,  and  that  has 
taken  eleven  days  to  undergo  the  same  change  as  com- 
pletely ;  here  the  conditions  have  been  mixed  aerobic  and 
anaerobic.  Then  I  have  taken  another  sample  of  the 
same  sewage  and  mixed  it  with  nitrate  of  soda  to  prevent 
the  putrefaction  which  takes  place  in  the  jar  without  it. 
Well,  I  have  found  the  fermentation  to  go  on  quicker,  but 
then  it  has  taken  five  days  under  this  condition.  I  have 
iJso  taken  still  another  sample  of  the  same  sewage,  and 
put  it  in  a  vessel,  completely  filled  with  it,  and  kept  it  out 
of  contact  with  air.  That  was  left  in  the  dark  for  two 
months,  and  apparently  the  ordinary  change  had  taken 
place — anaerobic  change.  There  was  a  slight  black  de- 
posit at  the  bottom  c^  the  vessel,  there  was  disengagement 
in  the  vessel  itself  of  a  little  gas,  and  the  liquid  had  become 
apparently  quite  clear.  I  knew,  of  course,  from  expe- 
rience, that  if  I  had  uncorked  the  bottle  the  stench  of  it 
would  have  been  almost  unbearable.  But  I  wanted  to  do 
something  further.  After  keeping  it  in  the  dark  for  two 
months,  I  exposed  it  to  sunlight  for  five  months,  and 
during  three  montlis  it  gave  off  very  considerable  volumes 
of  a  mixture  of  nitrogen,  hydrogen,  and  marsh  gas,  so 
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then  this  experiment  was  going  on  for  seven  months,  but   Mr.  w.  ^. 
of  course  that  was  under  laboratory  conditions,  and  there  j)4^"^' 
was  a  condition  absent  in  my  experiment  which  some  of     '  j^'-^' 
my  friends  who  are  working  on  this  anadrobic  f ermenta-  20  Oct.  189» 
tion  say  is  a  condition  which  they  can  get  on  a  large  scale,  ' 

and  which  is  essential,  namely,  large  surface  areas  upon 
which  they  can  induce  an  extensive  growth  of  anaerobic 
•bacteria  in  tanks  Into  which  the  sewage  is  allowed  to  flow 
for  the  purpose  of  anaerobic  fermentation.  When  the 
sewage  is  continuously  exposed  under  ana^obic  conditions 
lo  the  influence  of  these  organisms  it  is  said  that  a  com- 
paratively rapid  action  on  the  organic  matters  ensues.  I 
should  be  extremely  sorry  to  throw  any  doubt  upon  the 
work  of  some  of  the  gentlemen  who  are  working  on  this 
question,  because  I  know  them  to  be  very  earnestly  at 
work,  but  I  should  like  to  say  here  what  I  have  told  tnem 
elsewhere,  that  I  think  that  they  ought  to  give  us  direct 
experimental  evidence  in  support  of  the  opinions  they  have 
put  forward.  I  think  they  are  working  at  present  on  pure 
hypothesis.  They  get  certain  results  which  they  explain 
as  a  direct  influence  of  anaerobic  fermentation,  but  which 
T  should  feel  inclined  to  explain  in  another  way. 

2413.  Then  to  pass  to  your  own  special  work  :  you  have 
found  that  the  addition  of  certain  auxiliary  mat^osa  such 
as  manganese  compounds  and  nitrate  of  soda  has  assisted 
the  aerobic  fermentation  of  sewage  ?— Yes ;  that  is  to 
say,  it  has  assisted  aerobic  and  excluded  anaerobic  fer- 
mentation. 

2414.  Does  their  presence  exclude  anaerobic  ferments  ?* 
— Anaerobic  fermentation  does  not  take  place  apparently 
in  their  presence. 

2415.  I  might  ask  if  you  think  that  similar  results  could 
be  got  without  such  auxiliary  means,  that  is  to  say,  will 
fermentation  take  place  to  the  same  extent  and  in  as  short 
a  time  without? — Oh,  certainly  not.  The  solid  matters 
in  the  sewage,  for  instance,  unless  they  are  mixed  with 
something  to  assist  aerobic  fermentation,  undergo  putre- 
faction and  become  so  offensive  that  they  cannot  be 
allowed  to  accumulate  about  the  sewage  works. 

2416.  Have  you  examined  at  all  the  effect  of  trade- 
effluents  ? — ^Yes. 

2417.  On  fermentation? — ^I  have.  I  have  made  i^ 
number  of  experiments  at  Halifax — a  considerable  nxunber 
—and  I  do  not  think  the  trade  wastes  are  as  diffi- 
cult to  deal  with  as  is  generally  supposed,  because  at 
Halifax  I  may  say  the  nature  of  the  trade  waste  varies 
almost  every  minute  of  the  day,  and  if  works  were  pro- 
perly designed  so  that  sewage  at  different  times  of  the 
day  could  be  diverted  into  different  tanks,  the  one  im- 
purity from  one  factory  would  work  against  a  discharge 
from  another  factory.  I  mean  in  this  way.  One  factoir 
wiU  discharge  large  volumes  of  soap,  anotnw  factory  ovill 
at  some  later  time  perhaps  in  the  day  discharge  a  large 
quantity  of  salts  of  iron.  Well,  if  those  two  are  kept  sepa- 
rate of  course  you  have  to  deal  with  them,  but  if  you  could 
mix  them  together  they  would  precipitate  one  another 
and  clarify  the  sewage.  I  found  at  Halifax,  with  a  little 
care  as  to  details,  it  was  quite  possible  to  get  a  completer 
clarification ;  it  was  quite  possible  if  you  use  manganese 
compounds  to  get  a  sludge  which  you  could  preserve  in 
heaps  in  the  neighbourhood  of  the  works  without  engen- 
dering any  smell  of  any  kind,  and  it  was  quite  possible 
CO  get  an  effluent,  to  which,  I  have  been  informed,  if  you 
added  half  a  grain  of  nitrate  of  soda  per  gallon  you  could 
keep  in  stoppered  bottles  and  it  would  not  undergo  putre- 
faction. 

2418.  Do  you  think  the  presence  of  trade  effluents — 
of  course,  it  is  a  very  wide  term,  but  perhaps  you  could 
give  us  your  ideas  as  to  wthether  acid,  for  example,  i» 
hurtful  to  aerobic  fermentation? — Aerobic  fermentation 
will  not  not  take  place  in  a  distinctly  acid  sewage,  and 
therefore  acid  is  detrimental  to  sewage  purification.  Any 
works  discharging  waste  liquors  into  a  stream  or  inta 
sewers  should,  I  think,  be  compelled  to  neutralise  their 
acids,  or  at  least  they  should  not  be  allowed  to  discharge 
them  in  any  large  volume.  Of  course  it  would  take  a 
large  volume  of  acid  to  render  even  distinctly  acid  the 
sewage  of  a  large  town,  for  instance,  like  Halifax.  The 
local  authorities  might  with  discretion  allow  a  considerable 
quantity  of  free  acid  to  be  discharged  into  the  sewers, 
Imowing  that  the  alkalinity  of  the  sewage  would  take  up 
a  large  quantity.  But  there  should  be  a  limit  placed  upon 
that,  and  the  limit  should  be  that  quantity  whioh  would 
give  a  distinctly  acid  reaction  to  the  sewage.  That  limit 
should  certainly  be  enforced. 

2419.  Then  with  regard  to  alkalis  or  lime,  have  they 
any  influence? — ^The  same  t^ing  with  lime.    A  sewage 
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Mr.  W.  E.    should  not  be  allowed  to  become  strongly  alkaline  or 

Dsc^^ic  ^^^*^^^y  alkaline,  and  you,  moreover,  cannot  allow  any 

Jl_'  '     laliitude  to  manufacturers  in  this  case,  because  it  is  well 

20  Oct.  1898.  CO  remember  that  sewage  rapidly  becomes  distinctly  alluk 

line  itself,  and  alkalinity  is  one  of  the  things  to  keep 

down  in  sewage  treatment ;  at  any  rate,  not  to-  allow  a 

greater  alkalinity  than  is  due  to  the  natural  fermentation. 

2420.  Are  there  any  other  effluents  than  iron,  acid,  or 
alkali  that  you  would  regard  as  prejudicial? — Well,  not 
for  sewage  treatment*  because  iron  salts  would  assist  in 
clarification,  so  that  I  should  not  regard  iron  compounds, 
unless  they  were  too  acid,  as  a  serious  matter.  Of  course, 
large  quantities  of  soap  are  a  serious  matter.  Large 
quantities  of  soap  are  very  serious  things  to  deal  with  in 
sewage  works. 

2421.  To  sum  up,  you  would  regard  it  as  essential  that 
a  sewage  should  be  purified  to  such  a  point  that  it  will 
no  longer  undergo  either  aerobic  or  anaerobic  change  ? — 
Yes — well,  I  do  not  know  about  aerobic  change. 

2422.  That  would  not  matter  ? — That  would  not  matter, 
I  think.  Of  course,  one's  ideas  must  vary  with  local 
conditions.  If  a  sewage  is  discharged  into  a  river — into  a 
river  above  the  intake,  for  instance,  of  a  water  supply 
for  a  town,  then  the  purification  of  the  effluents  should 
be  carried  as  far  as  possible,  which  would  be,  of 
course,  indicated  if  the  effluent®  were  rapidly  nitrifying. 
In  the  cases  of  many  small  towns  and  villages  which  are 
more  happily  situated,  however,  I  do  not  think  it  is 
necessary  to  require  a  purification  beyond  that  which 
will  ensure  that  the  effluent  will  not  putrefy  when  it  gets 
into  the  stream,  or  set  up  putrefaction. 

2423.  Have  you  considered  the  question  of  standards  at 
all — standards  of  purity  ? — Yes,  I  have. 

2424.  Do  you  think  that  any  reasonable  standard  could 
be  devised,  which  would  take  into  account — ^what  shall  we 
call  it — putrefiability  ? — ^To  take  into  account  local  cir- 
cumstances, perhaps. 

2425.  No,  I  mean  the  liability  to  putrefaction.  Would 
it  be  sufficient  to  say  that  Hcwage  could  be  turned  into  a 
stream  which  will  not  undergo  anaerobic  fermentation? — 
I  think  I  might  put  it  in  tliis  way  :  Suppose  you  have  given 
the  volume  of  the  daily  flow  of  the  sewage,  and  the  volume 
of  the  minimum  daily  flow  of  running  water  into  which 
the  purified  sewage  is  to  be  discharged,  you  could  formu- 
late your  standard  of  purity  thus.  The  effluent  to  be  of 
such  purity  that,  when  diluted  with  good  water  to  an 
extent  equal  in  proportion  to  that  to  which  it  would  be 
diluted  when  discharged  into  the  said  running  water,  it 
would  not,  when  kept  in  a  close  vessel,  suffer  putrefactive 
fermentation. 

2426.  It  would  be  impossible  to  make  an  universal 
standard  on  those  lines  ? — Oh,  I  think  not,  and  I  think  it 
would  be  a  great  hardship  to  small  towns  and  villages  to 
maike  any  hard  and  fast  standard.  A  standard  should 
vary  with  local  circumstances,  I  th^nk. 

2427.  {Sir  Bichard  Thorne,)  May  I  take  it  from  that 
answer,  Dr.  Adeney,  that  you  are  of  opinion  that  stan- 
dards should  vary  under  local  circumstances.  Have  you 
ever  formulated  any  idea  as  to  how  standards  could  be 
adapted  to  local  circumstances  ? — Oh !  I  think,  yes. 

2428.  I  think  it  would  be  interesting  to  the  Commission 
to  know  whaJt  views  you  have  arrived  at  on  the  point? — 
Well,  it  IB  quite  possible,  by  the  methods  of 
study  which  I  have  employed  in  my  own  work  to  deter- 
mine exactly  the  volume  of  atmospheric  oxygen  which  any 
effluent  or  sewage  will  absorb  during  its  complete  con- 
version into  a  harmless  condition.  That  factor  should  be 
determined  for  all  effluents,  I  think. 

2429.  For  each  effluent  separately? — ^The  standard 
znight  be  formulated  on  these  lines,  namely,  upon  the 
quantity  of  atmospheric  oxygen  which  a  given  volume  of 
the  effluent  would  consume  on  keeping  a  certain  number 
of  days  it  should  be,  say,  within  a  certain  quantity. 

2430.  Have  you  thought  at  all  how  that  could  be  carried 
out  administitttively ;  what  body  would  determine  that, 
and  enforce  it? — You  would  require  certainly  the  services 
of  a  cihemiflt,  or  a  medical  officer  of  health,  who  hae  been 
trained  in  the  necessary  chemical  operations. 

2431.  That  is  obvious,  but  I  mean,  what  body  would 
enforce  the  decisions  that  he  comes  to,  or  the  views  that 
he  arrives  at  ? — ^I  do  not  know  myself ;  I  am  not  sufficiently 
acquainted  with  this  country.  I  should  have  thought  the 
Local  Government  Board  would  have  been. 

2432.  You  have  not  thought  out  the  administrative 
aspect  of  it  ? — No,  I  have  not. 

2433.  Should  I  be  right  in  assuming  from  your  Table 
I.  thflit,  whf'fi  yvHi  g«i  a  dilution  of  sewage  with  waf^'^*^  '^ 


one  of  sewage  to  20  to  water,  that  that  mere  dtlutiuu  wil^ 
give  you  results  which  are  satisfactory  to  you? — ^In  very 
many  cases,  perfectly. 

2434.  Then  does  it  not  come  to  this,  that,  if  any  au- 
thority will  deliver  their  sewage  at  the  rate  of  one  in  20  to 
the  amount  of  unpolluted  river  water  into  which  th« 
sewage  flows,  that  the  whole  question  is  solved?— The 
whole  question  is  solved,  provided  that  they  do  not  let 
any  solid  matter  in  with  the  effluent. 

2435.  Then  this  dilution,  plus  really  efficient  straining, 
would  solve  th<^  matter? — ^In  many  cases,  I  am  of  opiuion 
that  it  would.  Of  course,  there  are  some  sewage*  api»a- 
reni^y  which  axe  exceptionally  crude,  and  then  you  w  •uld 
have  to  raise  the  limit  of  20  somewhat. 

2436.  But,  after  aM,  it  is  a  question  of  dilution  and 
getting  rid  of  the  solids? — Yes,  that  is  largely  so.  Of 
course,  there  are  certain  conditions  that  the  efflueuc 
should  not  be  acid,  that  it  should  be  neutral,  or  but  veiy 
faintly  alkaline,  and  that  it  should  contain  nothing  ini- 
mioal  to  fermentation. 

2437.  But  the  fermentation  has  to  take  place  in  the 
stream  under  the  circumstances  you  name? — Th^  fer- 
mentation has  to  take  place  in  the  stream,  yes. 

2438.  You  explained,  I  think,  why  you  would  avoid  acid 
in  sewage,  but  I  am  not  quite  sure  as  to  your  views  with 
regard  to  the  alkalinity  of  sewage,  which  you  said  should 
be  avoided? — ^AlkaLmty  beyond  a  certain  limit  is  very 
inimical  to  bacterial  fermentation,  and  bacterial  fermenta- 
tion becomes  extremely  slow  when  the  alkalinity  rises 
above  a  certain  limit. 

2439.  Then  the  objection  is  praoticaUy  the  same  with 
cases  of  acidity  and  cases  of  alkalinity,  that  it  prevents 
the  bacterial  processes  ? — Yes.  The  only  thing  is  that  you 
can  allow  a  wider  discharge  of  acid  than  alkalinity,  because 
your  sewage  is  already  decidedly  alkaline,  and  if  in  large 
volume  widl,  of  course,  take  laxge  volumes  of  acid  to 
neutralise  it. 

2440.  Now,^  although  you  have  referred  to  the  opera- 
tions of  micro-organisms  in  sewage*  I  gather  from  your 
experiments  that  these  operations  have  been  purely 
chemical  ?— Purely  chemical,  yes.  The  organisms  which 
have  taken  part  in  my  experiments  are  those  mixed 
organisms  natural  to  water. 

2441.  Now,  taking  the  admission  of  sewage  in  the 
diluted  form,  in  which  you  have  rather  advocated  it,  and 
assummg  that  it  contains  at  a  given  time  a  marked  pro- 
portion of  typhoid  baciUus  ? — ^Yes. 

2442.  Would  you  rely  upon  the  fermentative  processes 
in  the  stream  to  get  rid  of  that? — Well,  if  that  water  is  to 
be  drunk,  then  Ime  limit  of  dilution  would  not  do.  Then 
the  purification  of  the  sewage  must  be  carried  to  a  very 
careful  extent  indeed. 


2443.  Before  it  goes  into  the  stream,  or  afterwards 
Oh,  before  it  goes  into  the  stream. 

2444.  Then  you  do  not,  as  a  matter  of  fact,  so  far  as 

?ublic  health  is  concerned,  rely  upon  dilution  ? — Oh,  yes, 
doj  if  the  river  water  is  not  to  be  drunk. 

2445.  I  said  for  public  health  purposes? — Oh,  for 
public  health  purposes,  I  am  of  opinion  that  there  ought 
to  be  no  fear  from  pathogenic  germs,  from  purely  public 
health  considerations. 

2446.  But  surely  the  greatest  public  health  considera- 
tion is  the  use  of  the  water  for  potable  purposes,  is  lit 
not? — Then,  of  course,  as  I  have  already  stated,  if  a 
river  water  is  to  be  drunk,  I  think  the  question  of  puri- 
fication becomes  a  very  serious  one ;  that  is  to  say,  any 
volume  of  sewage  effluent  is  discharged  into  a  river  above 
the  intake  for  any  water  works  for  the  supply  of  a  town  or 
village,  the  question  becomes  a  very  serious  one  indeed, 
and  the  standard  should  be  very  high,  so  far  as  purity  is 
concerned,  because  I  am  of  opinion  myself  that  no  water, 
no  surface  water,  of  any  kind  should  be  drunJc  except  after 
efficient  filtration.  I  believe  myself  that  filtration  is  the 
only  safe  process  to  put  water  to,  if  that  water  is  to  be 
drunk. 

2447.  I  suppose  I  may  take  it  from  what  you  have  said, 
that  you  have  made  no  actual  experiments  with  regard  to 
any  of  the  pathogenic  oiganisms  7 — No,  I  have  not. 

2448.  I  noticed  in  one  part  oi  your  evidence  in  ohief, 
or,  rather,  in  two  places,  you  refer  to  the  fact  that  the 
chemical  changes  necessary  to  produce  the  result  which 
you  wish  to  attain  are  most  rapidly  effected  in  those  in- 
stances in  which  oxygen  is  supplied  in  the  free 
atmospheric  form? — ^Yes. 

2449.  May  I  ask  you  if  you  are  in  cny  ,way  referring  to 
some   systems  that   have   been   ad;ocalcd  cf  auiomatr 
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.Aerating  filters  ? — Oh,  none  whatever.      I  am  simplj  re- 
ferring to  what  I  consider,  other  circumdbances   .ieing 
<«(|ual,  the  besfc  process  of  dealing  with  sewage,  that  is,  by 
filtration  undoubtedly,  apart  from  the  question  of  ex- 
pexuse. 

2450.  And  yet  you  say  at  one  point :  ''  I  refer  to  the 
''process  of  natural  or  artiificdal  filtration,  in  which  the 
**  filtering  maiterial  expouen  large  surfaces  upon  wthich  the 
*'  bacteria  may  grow  and  accumulate,  and  the  Interstices 
*'  between  the  filtering  material  provides  store  spaces  foi 
*'  tOie  atmosphere  "  ?— Tes. 

2451.  There  you  must  be  referring  to  some  definite 
form  of  filtration,  are  you  not? — ^No ;  filtration  through 
jKMOus  land,  or  an  ordinary  filter  bed. 

2452.  But  I  suppose  that  the  value  of  a  filter  would 
depend  upon  the  facilities  which  the  oxygen  has  of  pene- 
trating into  its  pores? — Oh,  yes,  the  more  porous  the 
material  the  better. 

2453i  And  the  more  exposed  to  continuous  oxygenating 
processes? — Of  course,  taking  an  ordinary  filter,  it  will 
hold  a  ceitain  amount  of  atmospheric  oxygen,  and  no 
more.  When  that  has  been  consumed,  what  you  have  to 
do  is  to  stop  using  that  filter,  and  use  another,  and  let  it 
l>ecome  re-aSrated. 

2454.  I  have  rather  really  tried  to  avocd  mentioning  anv 
special  form  of  filter,  but  do  you  know  Ck)lonel  Ducat  s 
proposal,  which  he  submitted  to  us  yesterday? — No,  I  do 
not. 

2455.  I  notice  that»  according  to  the  plans  wthich  have 
7>een  carried  out  and  to  which  you  refer,   you  get   a 

sludge  ? — Oh,  yes. 

2456.  I  suppose  if  there  are  any  systems  wihich  would 
avoid  a  sludge,  that  is  a  very  important  matter,  is  it  not  ? 
— ^Under  those  oonditions  where  it  would  be  difficult  to 
get  rid  of  the  sludge,  yes. 

2457.  But  it  is  always  an  expense,  if  it  Is  not  a  diffi- 
culty, is  it  not  ? — ^Well,  now,  at  Dundrum,  where  a  sludge 
is  being  obtained  with  the  use  of  maoganese  compounds 
as  precipitants,  there  the  sludge  is  most  carefully  pre- 
served by  the  Medical  Superintendent,  and  used  as  a 
manure  in  his  cabbage  garden,  and  he  has  found  it  a  most 

excellent  manure,  and  I  thinik  I  may  say  from  what  he 
has  told  me,  tihat  he  would  regard  it  as  a  loss  to  lose  that 
manure.  * 

2458.  That  would  be  the  sludge  which  results  from 
those  special  works  ? — ^Yes. 

2459.  But  I  suppose  you  know  that  the  sludge  is  a 
terrible  embarrassment  to  authorities  who  cannot  get  rid 

•  of  it  ? — Oh,  yes,  and  if  precipitated  with  lime  or  alumina, 
or  the  like,  it  becomes  extremely  offensive,  but  it  does 
not  if  it  is  precipitated  with  manganese. 

2460-2.  (Chairman.)  Would  you  mind  giving  us  a  shcri 
description  of  the  diagrams  ?--Oertainly. 

(The  witness  here  gave  a  descriptian  of  the  diagram 
of  the  Northallerton  Works,  which  he  had  handed  in 
with  the  paper  giving  his  evidence, 

2463.  (Chairman,)  How  long  -has  that  been  in  opera- 
tion ? — ^It  is  only  just  started  at  Northallerton.  At  Dun- 
drum  it  has  been  in  operation  since  the  year  1892. 

2464.  (Dr.  Bussell)  Is  this  Northallerton  ?— Northaller- 
ton. It  has  just  been  started ;  in  fact,  it  is  not  in  com- 
plete operation  I  believe  yet. 

2466.  (Chairman.)  Are  the  others  the  same  as  that? — 
I  have  referred  to  three  works,  my  lord,  in  my  evidence, 
.and  thesm  are  three  drawings — a  drawing  of  each  installa- 
tion to  which  I  have  referred. 

2466.  But  the  principle  is  the  same,  is  it? — ^The  prin^ 
ciple  is  the  same. 

2467.  (Mr.  Killick.)  In  speaking  of  the  effluent  which 
might  be  admitted  into  the  streams  you  assumed  that  the 
streams  were  pure? — Oh,  yes. 

2468.  As  a  matter  of  fact  the  streams  are  not  pure  ? — 
Then,  of  course,  that  will  have  to  be  taken  into  considera- 
tion. 

2469.  Therefore  the  tests  will  have  to  be  the  combined 
•effluent  and  the  stream  ? — Oh,  yes. 

2470.  And  that  would  make  it  in  the  present  condition 
of  afifairs  a  very  much  more  rigid  standard? — Oh,  yes; 
that  would  have  to  oe  aoini,  oxn  still,  of  course,  if  tiie 
question  of  purification  is  really  dealt  with  for  every  town 
and  village,  and  the  necessary  standards  are  put  forward, 
then  we  ought  to  look  to  our  streams  being  in  a 
:good  condition.     However,  that  is  a  question  which  the 

1213 


chemist  who  would  be  engaged  in  really  determining  the   Mr,  w.  JS 
data  for  these  standards  would  lu.7o  U/  go  into.  i^H'^'^ 

2471.  Streams  are  not  pure  at  present,  and  to  bring       ■— 
about  a  pure  streaanyou  would  have  to  begin  the  purifi-  ^^^^ 
cation  at  the  top  ? — ^i  es,  you  would. 

2472.  And  so  carry  it  down  ? — ^Yes. 

2473.  Which  would  mean  a  very  great  length  of  time. 
In  order  to  get  any  work  done  you  must  begin  all  over  tlui 
stream  at  the  same  time  ? — ^Yeb. 

2474.  Therefore  you  would  have  varymg  standards  ror 
every  effluent?-— Oh,  yes.  I  was  simply  wishing  to  pul 
forward  a  principle.  W  hat  I  think  is  a  very  serious  matter 
is  putting  forward  a  standard  which  is  unnecessarily 
liigh,  the  pecuniaiy  expense  of  obtaining  which  would  be 
really  a  serious  matter  for  a  small  village  or  a  small  town, 
or  even  a  manufacturing  town. 

2475.  And  the  usual  tests  used  in  England,  the  absorp- 
tion of  oxygen  from  permanganate,  and  the  albuminoid 
ammonia  test  you  put  no  value  upon  ? — ^I  put  no  value  at 
aU.  Tou  could  not  really  formulate  standards  upon  those. 
In  fact,  that  is  really  the  reason  why  chemists  hiave  really 
not  attempted  to  put  forward  standards  other  than  those 
put  forward  by  Sir  Edward  Frankland  by  the  medium  of 
the  Bivers  Pollution  Commission. 

2476.  Still,  a  great  many  chemists  in  England  are  using 
those  tests  ?— They  are  the  only  ones  they  have  had  to 
employ.  The  fact  is,  the  question  had  not  been  scientifi- 
cally worked  out  until  quite  recently.  I  believe  I  am  one 
of  the  first  who  has  worked  on  the  subject  on  strictly 
scientific  principles.  This  is  really  the  reason  which 
leads  me  to  make  assertions  which  I  fear  may  look  soma 
what  egotistical. 

2477.  (Colonel  Harding,)  Am  I  right  in  understanding 
that  your  opinion  as  to  the  worthlessness  of  the  usual 
chemical  tests  of  sewage  effluents  by  oxygen  absorbed 
and  albuminoid  ammonia  arises  from  tiiis  fact,  that 
you  think  it  is  less  important  to  estimate  the  amount  of 
organic  matter  in  an  effluent  than  to  estimate  the  character 
and  the  condition  of  that  organic  matter  in  reference  to 
future  fermentation  either  of  putrefactive  or  of  aerobic 
type  ? — That  is  so,  precisely. 

2478.  So  that  really  what  we  want  to  find  out  in  regard 
to  an  effluent  to  judge  whether  it  is  fit  to  be  turned  into 
a  stream  or  not  is  whetlicr  it  is  liable  to  putrefactive 
change  or  to  ordinary  aerobic  fermentation  ?— -And  to 
what  extent,  yea. 

2479.  I  understood  you  to  say  that  in  your  opinion 
mixing  an  effluent  from  natural  precipitation  with  twenty 
times  its  volume  of  fairly  pure  river  water  would  be  a 
safe  thing  to  do? — ^In  many  cases. 

2480.  Provided  the  stream  were  not  used  for  drinking 
purposes? — ^It  would  in  many  cases  if  the  precipitants 
used  were  not  such  as  were  hostile  to  bacterial  fermenta- 
tion.   Some  precipitants  are.    Lime  and  alumina  are. 

2481.  Then  fermentation  of  one  or  other  kind  you  must 
have? — You  must  have. 

2482.  And  aerobic  fermentation  produces  a  change 
which  is  not  objectionable? — ^No;  it  is  not  an  objection 
per  se. 

2483.  And  that  is  the  change  which  takes  place  by  the 
dilution  of  the  effluent  with  twenty  times  its  volume? — 
Yes. 

2484.  That  is  aerobic  fermentation  ?— Yes. 

2485.  Then  where  you  have  not  the  advantage  of  a 
stream  of  fairly  pure  water  and  of  twenty  times  the  volume 
of  the  effluent  it  is  necessary  there,  in  your  opinion,  to 
supply  the  effluent  with  oxygen  by  other  means? — By 
other  means,  yes. 

2486.  Several  means  have  been  suggested.  You  alluded 
yourself  to  an  experiment,  a  laboratory  experiment,  which 
you  had  carried  out  by  flowing  sewage  over  a  surface  of 
pumice  ? — ^Yes. 

2487.  Merely  a  dropping  over? — Merely  a  dropping 
over,  and  then  it  percolated  through  the  pumice. 

2488.  In  that  case  it  obtained  the  oxygen  in  the  inter- 
stices of  the  pumice  stone  ? — Yes. 

2489.  But  I  think  I  must  have  misunderstood  you  to 
refer  to  that  as  anaerobic  change  ? — Oh,  you  did ;  it  was 
aerobic  change. 

2490.  That  is  of  the  character  of  Colonel  i^cat's  prin- 
ciple, in  which  he  passes  the  effluent  downwards  through 
%  consideralOa  layer  of  either  coke  or  cinder  or  clinker 
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matter? — ^I  do  not  know  Colonel  Ducat's  principle,  but 
dmything  of  that  kind  would  be  somewhat  similar. 

2491.  It  is  somewhat  similar,  and  you  found  in  your 
case  that  the  fermentation  was  of  an  unobjectionable 
character  and  fair  rapidity  ? — ^It  is  the  most  rapid  obtain- 
able so  far  as  science  can  say. 

2492.  You  did  not  carry  it  on  sufficiently  far  to  see 
whether  the  matters  left  behind  in  the  filter  were  ulti- 
mately digested,  did  you  ? — ^I  think  I  may  say  this :  the 
only  things  left  in  the  filters  were  the  bacteria  Ihemselyes. 

2493.  In  regard  to  one  point,  as  to  the  organic  matter 
in  an  effluent,  have  you  given  any  attention  to  the  amount 
of  the  organic  matter  in  an  effluent  which  is  living  ? — ^I  do 
not  know  that  I  quite  understand  your  question. 

2494.  Well,  it  is  believed  that  in  certain  effluents,  espe- 
cially those  from  intermittent  filtration,  a  good  many 
of  the  matters  visible  in  the  effluent  after  precipitation 
and  keeping  several  days  are  living  matters? — Oh,  yes. 

2496.  You  would  not  consider  that  that  matter  was 
objectionable,  because  probably  vou  would  consider  that 
it  was  matter  which  would  not  be  liable  to  further  fer- 
mentation?— ^I  should  not,  if  I  understand  yoiur  question 
correctly.  If  it  is  a  mere  cloudiness  in  an  effluent  which 
is  otherwise  freely  supplied  with  aerobic  conditions,  I 
should  not  regard  any  cloudiness  of  that  kind  as  detri- 
mental. 

2496.  Would  you  consider  the  presence  of  micro- 
organisms and  of  other  organisms  of  a  larger  kind  objec- 
tionable in  the  effluent? — ^From  experience  I  should  say 
certainly  not. 

2497.  It  is  not  putrescible  matter? — Oh,  certainly  not. 

2498.  The^  are  organisms  of  the  same  kind  which  you 
meet  in  a  fairly  pure  stream  ? — ^And  which  are  really  the 
agencies  which  effect  the  purification. 

2499.  Therefore  the  estimation  by  albuminoid  ammonia 
or  oxygen  absorbed  of  these  living  organic  matters  would 
be  misleading? — ^Very. miflleadinc.  ft  so  happens  that 
they  give  decided  quantities  of  albuminoid  ammonia. 

2500.  Now,  as  to  the  scheme  of  Northallerton,  which 
has  just  recently  been  started.  I  understood  you  to  say 
that  it  consistea  mainly  of  precipitation  tanks,  the  pre- 
cipitant being  the  material  which  you  call  oxanite? — 
Oxanite,  yes. 

2501.  Did  I  understand  that  there  was  subsequent  fil- 
tration ? — No. 

2502.  No  subsequent  filtration? — ^No;  no  subsequent 
filtration. 

2503.  In  addition  to  the  oxanite  there  is  an  addition 
of  one  grain  per  gallon  of  nitrate  of  soda? — Of  nitrate  of 
soda. 

2504.  Then  that  acts  as  a  precipitant? — It  does  not  act 
as  a  precipitant,  that  is  added  to  supply  oxygen. 

2505.  For  further  change  ? — For  further  change. 

2506.  Then  you  do  not  think  it  is  necessary  to  filter  the 
effluent  from  such  precipitation? — No;  not  under  the 
conditions  of  Northallerton.  I  think  it  would  be  to  iin* 
necessary  expense  to  them. 

2507.  And  you  have  found  that  the  effluent  from  such 
tanks  on  being  kept  remains  clear  and  is  free  from  smell 
and  from  putrefactive  change? — ^I  am  informed  by  the 
gentleman  who  is  putting  the  Northallerton  installation 
in  operation  that  he  has  taken  several  samples  and  kept 
them  in  bottles,  and  I  speak  from  memory,  but  iln  about, 
I  should  say,  fifteen  or  twenty,  I  only  remarked  three 
which  were  noticed  as  giving  a  slight  offensive  smell  on 
keeping ;  and  then,  of  course,  it  must  be  remembered 
it  has  oniy  just  been  put  into  operation.  The  precipita- 
tion had  not  been  perfected,  but  tiie  great  majority  of 
the  samples  which  he  described  to  me  as  having  been 
kept  in  bottles  remained  perfectly  sweet. 

2508.  In  the  interesting  draft  that  you  have  brought 
before  us  there  is  a  reference  to  the  addition  of  nitrate  of 
eoda  to  the  effluent  which  is  passing  from  precipitation 
tanks  to  filter  beds.  Do  you  advise  that  course  at 
all? — Oh,  under  some  circumstances  I  should  advise  it 
most  strongly.  Under  some  circumstances,  as  I  have 
said  before,  when  an  effluent  of  high  purity  is  required 
you  must  filter,  and  if  you  used  a  little  nitrate  of  soda 
in  addition  to  the  filtering  you  would  be  able  to  filter  very 
much  mon,  efficiently,  and  in  all  probability  would  be  able 
to  reduce  the  filterings  area,  which  you  would  have  to  other- 
wise employ  if  you  did  not  use  nitrate  of  soda. 

2509.  Then  the  addition  of  so  small  a  grain  as  one 
grain  of  nitrate  of  soda  to  an  effluent  passing  on  to  filter 


beds,  you  think  would  lead  to  a  giving  up  of  sufficieni«- 
oxygen  really  to  have  a  marked  effect  upon  the  filtrated. 
— iJti,  certainly. 

2510.  I  do  not  know  if  you  would  care  to  answer  this  - 
question,  but  is  the  use  of  nitrate  of  soda  in  that  way  a 
thing  which  is  protected  by  any  patent  right? — ^It  is- 
The  use  of  nitrate  of  soda  is  protected  by  a  patent  both 
ill  America  and  in  this  country.     I  do  not  know  that  a. 
patent  in  this  country  is  regarded  as  a  valuable  one  very./ 
often,  but  I  believe  that  an  American  patent  is,  as  a 
rule,  regarded  as  a  valid  patent.      You  must  not  forget 
thai  in  most  t'»wn  and  village  waters  there  is  already 
decided  quantities  of  nitrates  in  the  town  supply. 

2511.  Just  one  other  qucBticm.  At  Northallerton,  are 
you  dealing  with  domestic  sewage  ? — Yes. 

2512.  Pure  and  simple? — ^It  is  practically,  I  think. 
Thore  ma}''  be  one  small  factory,  but  it  is  practically  do- 
mestic sewage. 

2513.  (Dr.   Bnssdl )  As  to  the   value  of  albuminoid 
ammonia,  you  say  the  substance  of  these  micro-organisms- 
en  aralysis  turns  up  undeir  the  category  of  albuminoid 
air.noiria  ? — Yes. 

2514.  But  that  the  importance  of  these  organisms  de- 
pends upon  their  functions? — Yes. 

2515.  {Sir  Bichard  Thorne.)  Should  I  be  wrong  in  as- 
suming that  apart  from  such  organisms  as  are  mischievous, 
I  refer  to  the  pathogenic  ones  and  those  associated  with 
putiescible  processes,  vou  see  no  harm  in  abundant  micro- 
organic  life  in  a  sewage  effluent  ? — Oh,  dear  no. 

2516.  None?— Oh,  no. 

2517.  Then  those  people  who  count  heads,^  so  to  speak,., 
and  tell  you  there  are  so  many  thousands  or  millions  of 
micro-organisms  in  a  certain  amount  of  sewage  effluent, 
refer  to  processes  to  which  you  attach  no  value  ? — ^No  ; 
I  do  not  think  even  bacteriologists  themselves  now  place 
vexy  much  value  upon  the  numbers  in  a  sewage  effluent. 

2518.  (Chairman.)  I  just  wanted  to  ask  you  one  or 
two  questions  about  land  treatment.  I  do  not  knoiv; 
whether  you  have  any  experience  of  it? — ^I  have  seen 
some  of  the  bad  effects  of  sewage  being  passed  on  to  land 
ill  contaminated  well  waters. 

2519.  You  have  1-^ea, 

2520.  Could  you  give  any  instances? — I  have  one  in- 
stance in  my  mind,  which  came  under  my  notice  pro- 
fessionally. It  was  the  case  of  Ennis  in  co.  Clare. 
The  sewage  dep6t  of  Ennis  was  placed  on  rather  high 
ground,  and  the  soil  is  of  an  open,  porous  character,  and 
I  was  asked  by  a  client  to  examine  his  well  water  (a  shal- 
low one),  which  was  about — oh,  I  suppose,  200  yards  away 
from  the  depdt.  I  am  speaking  from  memory  now,  so- 
that  I  am  not  quite  certain  of  that^-it  was  about  200 
yards  away,  I  think.  On  examinatitm  of  this  well  water 
I  found  it  to  be  distinctly  polluted  with  sewage  matter. 
As  a  matter  of  interest  I  made  enquiries  aa  to  the  health 
of  Eiinis  to  ascertain  if  there  was  any  reason  for  think- 
mg  that  this  poisoning  of  the  subsoil  water  was  general, 
and  whether  it  had  affected  the  health  of  the  inhabitants, 
and  I  was  told  that  there  has  been  cases  of  epidemics. 
especiaUy  in  the  autumn  in  more  than  one  year,  at  Ennis. 
It  appeared  to  my  mind  those  epidemics  were  probably 
due  to  the  pollution  of  the  subsoil  water,  by  the  sewage 
cessjpit  which  had  been  formed  by  the  side  of  this  sewage 
depot  to  which  I  have  referred. 

2521.  Have  you  ever  done  anything  in  the  way  of 
analysing:  the  effluents  after  land  treatment? — No,  I  do 
not  recollect  having  analysed  any.     No,  I  have  not. 

2522.  Then  you  would  not  be  able  to  compare  the 
effluent  from  your  own  system  with  any  effluent  that  oomaff 
from  land  treatment  ? — I  am  afraid  not ;  no,  my  loid. 

2523.  You  probably  cannot  tell  us  from  experience  then 
how  far  land  will  purify  when  it  is  frozen  ?--When  it 
is  frozen  ? 

2524.  Yes?— Of  course  filtration  by  land  treatment 
becomes  a  matter  of  great  danger  under  such  condition^ 
because  of  the  cracks  which  are  formed  in  the  ground 
through  which  the  sewage  may  pass  unpurified,  and  may 
set  up  putrefaction  afterwards  in  the  subsoil  water,  or- 
to  tfurectly  poison  the  subsoil  water  with  pathogenic 
germs.  I  believe  a  case  of  this  kind  has  been  recorded 
by  Professor  Koch  in  Germany.  I  am  sorry  I  cannot 
give  the  reference  at  this  moment. 

^25.  Would  you  have  any  opinion  as  to  whethw  it  is 
right  to  keep  mUk  cows  on  a  sewage  farm?— I  think: 
yes,  if  the  sewage  farm  is  most  carefully  worked.     Milch 
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;  00W8  of  course  must  never  be  put-  near  the  grass  which 
has  been  recently  treated  with  sewage  because  of  the 

*  danger  of  putrescent  matter  and  pathogenic  germs  in  the 
grass  itfielf,  but  I  think  it  is  quite  evident  from  the  ex- 
perience at  Birmingham  of  the  serarage  farm  there,  that 
with  pi*oper  care  milch  cows  can  be  kept  upon  a  sewage 
farm  with  safety.     I  have  seen  a  very  large  number  there 

'quite  recently,  and  thoy  certainly  looked  in  a  most  healthy 
condition,  and  I  was  told  of  no  complaint  amongst  them, 
but  it  should  I  think  be  only  under  the  very  strictest 
<care  that  cows  should  be  allowed  to  graze  on  or  near 
land  that  is  utilised  as  a  sewage  farm. 

2526.  You  think  it  would  be  necessary  to  take  great 

'  care  that  the  cows  should  have  no  possible  access  either 

to  sewage  as  a  liquid  which  they  might  drink,  or  to  grass 

recently  treated  with  sewage  which  they  might  eat? — 

Oh,  the  greatest  possible  care. 


2527.  {Sir  Bichard  Thome.)  In  answer  to  his  lordship's   '^J['J^' 
questions  just  now  you  said  that  you  had  identified  epi-  D.flfl^;c. 
demies  with  the  use  of  water  diluted  by  sewage  effluent,      .rr:,^ 
will  you  kindly  sUte  what  the  epidemics  consisted  of  1—  ^  ©ctjsgs. 
Well,  I  should  not  like  to  say  that  I  identified  it      I 
formed  the  opinion  in  my  own  mind  of  the  cause  of  these 
epidemics. 

2528.  What  were  the  diseases  in  question  f— Inter- 
mittent fever,  low  fevers,  and  approaching  even  to 
typhoid  fever. 

2529.  I  do  not  know  that  I  quite  undcfPtand  the  bear- 
ing of  your  answer? — ^I  had  better  not  answer  that  in 
explicit  terms. 

2530.  For  example,  I  do  not  understand  an  approach 
to  typhoid  fever ;  it  would  either  be  typhoid  fever  or  nod 
typhoid  fever  ? — ^I  mean  cases  of  typhoid  lever  have  alao 
occurred  there. 
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253L  {Chairman.)  You^re,  I  thinik,  Professor  Marshall 
*M&ird,  Professor  of  Botany  at  Cambridge? — ^Yes. 

2532.  Are  you  acquainted  with  the  prevailing  or  pro- 
jDosed  methods  for  the  disposal  of  sewage? — ^Not  with  the 
macfhinery  of  any  particular  method  of  disposal,  l)ut  the 
general  questions  involved  in  the  dii^osal  of  sewage,  I 

.  think  I  may  say,  I  am  acquainted  with,  and  I  know  gene- 
rally of  course  of  one  or  two  different  methods.      Some 

.  involve  standing  for  some  time,  and  others  involve  standing 
over  special  beds  and  so  forth  ;  but  it  is  chiefly  with  regard 
to  the  general  problems  which  must  apply  to  sewage  as  to 
the  decomposition  of  manure  in  soil,  and  other  organic 
l>odies  which  would  be  very  similar  to  those  found  in 
sewage,  that  I  can  speak. 

2533.  What  kind  of  mixture  may  sewage  be  regarded 
^as?— I  should  regard  it  as  a  mixture  containing  a  large 
-quantity  of  water  holding  in  solution  certain  organic  bodies 

obtained  both  from  animals  and  from  plants ;  containing 
certain  quantities  of  salts,  and  of  animal  excreta  like  urea, 
.and  especially  vegetable  remains  like  cellulose  and  certain 
:  solid  debris  of  animals  and  plants  ;  and  mixed  with  these, 
of  course,  products  of  their  decomposition,  in  various 
stages  of  simplification,  as  they  are  breaking  down  to 
simpler  and  simpler  things.  Then  there  would  be  con- 
tained larger  or  smaller  quantities  of  gases  (also  partly 
products  of  their  decomposition),  such  as  carbon  dioxide 
and  ammonia,  and  bodies  of  that  kind  ;  in  fact,  the  pro- 
ducts of  decomposition  of  animal  and  vegetable  nitrogenous 
and  non-nitrogenous  bodies. 

2534.  And  what  kinds  of  problems  are  considered  in 
the  destruction  of  sudh  materials? — ^I  should  sav  fer- 
mentation,  in  the  broad  sense  of  the  term  :  fermentations 
of  various  kinds  leading  to  the  destruction  of  the  nitro- 
genous bodies,  and  in  the  end  to  the  breaking  down  of 
rthese  bodies  into  quite  simple,  harmless  constituents,  like 

carbon  dioxide,  ammoiua,  and  water,  and  indeed  some  of 
these,  ammonia  especially,  being  eventually  further 
-altered ;  and  then  fermentations  of  bodies  like  cellulose, 
of  which  we  have  of  late  come  to  know  something,  which 
would  be  broken  down  into  partly  gaseous  and  partly  solid 
^constituents,  carbon  dioxide  and  water  in  the  end ;  and,  in 
'fact,  the  breaking  down  by  fermentative  processes  to  such 
•constituents  as  could  be  used  later  on  by  plants  in  building 
«p— as  food  for  plants,  in  tlie  widest  flense  of  the  tonn— 
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food  for  plants,   because  it  not  only  applies  to  what   j^^  ^  ^ 
plants  derive  from  the  air  (a  good  deal  of  carbonic  acid      Wmrk, 
in  the  end  is  obtained  in  the  air),  but  also  and  very  ' i^-SmD.Sc. 
specially  to  the  materials  whioh  they  obtain  bv  their  roots  2  Nov.  isos. 

from  ttie  soil     In  tnut  way,  if  they  can  only  reach  the      

sphere  of  activity  of  higher  plants  we  shall  get  them  built 
up  again  into  bodies  very  similar  to  those  from  which  thay 
have  been  derived.  I  should  say,  in  general,  the  great 
problems  to  be  considered  are  the  great  problems  of  fer- 
mentation, the  breaking  down  of  complex  bodies  under  the 
activities  of  living  organisms. 

2535.  What  agency  may  we  consider  valuable  for  this  1 
— Fungi  and  bacteria,  in  the  broad  sense.  An  immense 
amount  of  work  has  been  done  during  the  last  quarter  of 
a  century  on  the  products  of  these  organisms,  these  plants, 
which  is  now  accepted  by  all  great  authorities :  and  from  the 
particular  problems  offered  bj  sewage,  I  (Should  say,  owing 
to  the  large  quantity  of  liquid  that  there  is,  that  bacteria 
would  be  concerned  more  than  the  higher  fungi ;  but 
there  may  be  many  circumstances,  circumstances  which 
I  could  imagine  would  be  brought  about  by  the  method 
of  distribution  of  the  sewage  over  sodid  particles  and  so 
forth,  where  higher  fungi  also  might  be  concerned ;  micro- 
scopic, of  course,  but  still  plants  of  greater  compicxil^ 
than  bacteria.  TQie  action  of  these  fungi  and  bacteria  in 
nature  may  be  looked  upon  as  that  of  scavengers.  First, 
they  get  rid  of  the  meohanical  accumulation,  not  only  of 
the  kind  of  dejecta  that  we  should  expeot  to  find  specially 
in  sewage,  but  abo  of  things  like  faillen  tree  trunks,  and 
dead  leaves,  and  particularly  bones  and  bits  of  animals 
that  are  buried,  and  so  forth.  It  is  not  difficult  to  make  a 
calculation  which  shows  the  great  probability  that  in 
a  finite  time  the  globe  would  be  quite  uninhabitable  if  it 
were  not  for  this  scavenging  action,  so  that  the  first  great 
action  of  these  agencies  is  to  get  rid  of  the  mechanical 
obstructions  to  life.  But,  secondly,  I  should  lay  great 
stress  on  the  way  in  which  they  send  back  into  the  en- 
vironment chemical  bodies  which  would  otherwise  be 
locked  up,  and  which  would  gradually,  if  it  were  not  for 
the  liberating  action  of  bacteria,  so  accumulate  in  this 
locked-up  condition,  that  there  would  not  be  tho 
material  for  life.  And  you  could  illustrete  this  subject,  I 
should  say,  by  such  cases  as  the  preservation  of  oxily 
slightly  buried  or  slightly  protected  bodies  in  dry  climates, 
like  flowers  and  paper  and  other  putrescible  substances  in  a 
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Mr.E.U.  dimate  like  that  of  Egypt.  And,  again,  by  the  burial 
9.S!^%c  ^  8^^^  depths,  where  tiiese  organisms  cannot  reach  them, 
-L_  *  *  of  beds  of  leaves,  pieces  of  wood,  and  even  of  other  organic 
1  Nov.  1808.  remains.  These  points  are,  no  doubt,  concerned  in  the 
preservation  of  fossils.  And,  of  course,  lastly,  I  should 
bring  as  further  proof  that  the  agents  concerned  are  espe- 
cially these  living  organisms  the  whole  of  our  modem 
knowledge  of  what  we  caU  sterilization,  for  getting  rid  of 
ihese  bodies,  and  thereby  keeping  organic  putrescible  sub- 
stances unputriified.  We  have  nothing  to  do  but  to  take 
a  flask  containing  such  substances,  which  if  left  merely 
plugged  with  cotton  wool,  into  which  the  air  can  slowly 
diffuse  backwards  and  forwards,  will  putrify,  i.e.,  will  fer- 
ment very  quickly :  and  it  has  been  shown,  as  we  know 
by  most  careful  proofs  now,  that  this  only  occurs  if  these 
organisms  gain  access.  We  may  have  the  same  flask  of 
material  with  free  access  to  air,  but  which  has  been  sub- 
jected for  so  many  minutes  or  hours,  to  a  temperature 
which  will  kill  all  organisms,  and  it  will  keep-for  weeks, 
months,  years,  and  not  go  bad.  That  I  consider  as  the 
final  proof,  as  it  were,  that  the  real  agents  concerned  are 
not  only  bodies  of  a  definite  size,  but  living  bodies,  bodies, 
that  is  to  say,  whicfh  can  be  killed,  provided  they  are 
exposed  to  such  a  temperature  as  they  cannot  withstand, 
and  this  temperature  in  most  cases  lies  below  120^  Centi- 
grade— in  most  cases  much  below  that. 

2536.  Then  you  have  made  investigations  into  the  modes 
of  life  and  action  of  these  fungi  and  bacteria  ? — ^Yes  ;  I 
have  been  for  some  years  especially  interested  in  the 
actions  of  moulds  and  destructive  fungi  of  all  kinds, 
and  have  of  kte  years  been  specially  concerned  with  pro- 
blems of  bacteria,  particularly  in  the  river,  and  to  a  certain 
extent  also  with  bacteria  in  the  soil,  and  in  marshes  and 
under  water. 

2537.  And  are  the  organisms  that  you  find  in  the  rivers 
and  pools  and  marshes  and  in  the  soil,  etc.,  similar  in 
nature  to  those  that  occur  in  the  sewage? — ^There  seems 
to  be  no  doubt  of  it  so  far  as  the  few  observations — ^really 
careful  observaitions— on  sewage  have  gone.  I  find  over 
and  over  again  the  same  kinds  described.  One  could 
easily  give  a  list  of  half-a-dozen  of  the  common 
forms.  We  are  relying,  of  course,  on  our  present 
methods  of  recognising  these  very  difficult  organisms,  for 
they  are  very  difficult,  but  one  sees  in  the  reports  where 
sewage  has  been  taken  and  examined  for  organisms,  the 
same  species  named  as  are  found  in  the  soil,  and  although 
in  very  clean  river  water  one  does  not  expect  to  find  many 
of  them,  occasionally  they  are  found  in  any  ordinary  river, 
and  sometimes  they  are  found  in  considerable  abundance — 
e.f/.,  forms  like  bacterim-coli,  forms  like  the  whole  group 
of  putrescent  bacteria  which  have  been  called  proteus,  and 
in  earlier  years  were  known  under  the  common  name  bac- 
terium-tmo,  though  we  now  know  that  that  name  is  a  col- 
lective name.  Again,  certain  sarcinas  and  certain  green 
fluorescent  bacteria ;  and,  in  short,  the  recognised  names 
are  guffioiently  distinctive  to  show  that,  generally  s>peaking, 
the  same  organisms  are  concerned. 

2538.  How  are  the  destructive  actions  in  such  organisms 
generally  displayed? — ^The  organisms  feed  upon  the  pro- 
ducts of  the  breaking  down  of  the  complex  nitrogenous 
and  other  organic  bodies  found  in  their  environment,  and 
in  doing  this  they  destroy  a  great  deal  more  than  they 
want,  a  great  deal  more  than  is  directly  utilised  for  their 
present  needs  ;  so  that  a  bacterium,  for  instance,  may  be 
looked  upon  as  excreting  something  whic(h  attacks,  and 
})egins  to  break  down  a  mass  of  organic  material,  as  then 
taking  up  some  of  this  into  its  own  substanoe  to  build  up, 
and  add  to  its  own  weight ;  and  during  that  change  it,  as 
it  were,  unlocks  the  complex  substance  that  it  is  attacking, 
and  it  falls  to  pieces  in  various  ways.  But  the  sum  of  it  all 
ia  a  process  of  ohange  brought  about  only  by  a  living  body, 
and  that  is  in  the  broadest  sense  what  is  called  fermen- 
tation. If,  however,  at  the  same  time  there  are  produced 
evil-smelling  gases,  then  fermentation  is  often  called  putre- 
faction, and  the  attempt  has  been  made  to  separate  artifi- 
cially putrefaction  from  fermentation,  and  to  restrict  putre- 
faction to  the  breaking  down  of  these  complex  nitrogenous 
animal  and  vegetable  bodies ;  and  also  to  try  and  distin- 
guish between  putrefaction  which  gives  off  no  evil  odours, 
as  decay,  and  putrefaction  which  does  give  off  evil  odours. 
But  an  examination  of  the  whole  subject  (and  it  is  es&j  to 
give  references  to  the  best  modem  authorities)  shows  that 
no  such  lines  can  be  drawn.  Putrefaction  is  merely  a  par- 
ticular case  of  fermentation,  and  the  most  comprehensive 
definition  of  fermentation  is,  changes  produced  in  various 
bodies  by  the  action  of  living  organisms. 

2530.  Then,  in  fact,  you  would  say  putrefaction  and 
fermentation  are  similar  proceFses  ? — Are  similar  processts. 


2540.  Could  you  give  us  some  illustrations  as  to  what- 
occurs  in  the  decomposition  of  manure,  for  instance  ? — Yes,. 
I  think  so.  In  manure  we  should  have  laige  quantities 
of  ammonia  being  given  off  under  the  action  of  certain 
bacteria,  which  are  particularly  apt  to  destroy  urea.  We 
should  also  have  at  the  surface  ammonia  given  off  by  the 
destruction  of  more  complex  nitrogenous  bodies.  Then  it 
is  found  that — especially  at  the  surface,  but  under  certain, 
circumstances  it  is  suggested  even  lower  down — this 
ammonk  is  gradually  converted  by  two  stages  into  nitric 
acid,  which  in  the  presence  of  salts  like  calcium  or  magne- 
sium would  form  nitrates;  and  lastly,  we  can  now  no* 
longer  doubt  that  there  are  certain  forms  which 
undo  this  woric,  break  down  the  nitrates  and  the 
nitrites,  and  carry  them  down  past  the  stage  of 
ammoma,  until  even  free  niitiogen  is  evcuved ; 
and,  of  course,  that  is  the  most  compldbe  form  of  this  de- 
struction that  we  oan  figure.  There  are  numbers  of 
urea  bacteria  now  described,  and  there  is  no  doubt  that 
the  conversion  of  urea  into  ammonium  carbonate  is  a  very 
common  event  in  all  such  heaps  as  the  above,  and  takes 
place  very  quickly  under  the  action  of  these  bacteria. 
Nitrification,  the  gradual  formation  of  nitric  acid  from  this- 
ammonia,  the  gradual  oxidising  of  it  and  building  it  up 
into  nitrites  and  nitrates,  has  now  been  definitely 
demonstrated  as  the  act  of  two  distinct  bacteria.  They 
have  been  so  carefully  worked  out  that  we  can 
no  longer  doubt  IJhat  the  principal  steps  even  in 
detail  are  now  known.  And  lastly  under  certain  circum- 
stances these  nitrates  can  be  attacked  by  other  organisms, 
other  bacteria,  and  the  work  undone  again.  Indeed 
one  of  the  most  interesting  problems  in  ^eoretical  agricul- 
ture is  to  see  how  we  can  prevent  this  undoing  of  that  good, 
work  by  the  second  series  of  bacteria,  and  which  un- 
doubtedly goes  on  in  ordinary  manure  heaps.  De-nitrifi- 
cation has  now  become  one  of  the  most  important  questions- 
concerned  in  this  destruction  of  organic  bodies. 

2541.  And  are  these  processes  influenced  by  difference- 
in  aeration  and  temperature  and  other  conditions  ? — Yes. 
Many  bacteria  are  aerobic  and  many  others  are  anaerobic,, 
and  in  those  cases  the  access  or  otherwise  of  air  is  of  the 
utmost  importance.  Then  again  we  know  bacteria  which 
will  grow — not  only  live  but  grow — at  temperatures  close 
to  the  freezing  point,  0^  centrigrade  ;  and  we  have  bacteria 
described  not  only  by  one  but  by  at  least  two  good  authori-^ 
ties,  which  will  not  only  live  but  will  grow  in  liquids  hotter 
than  we  can  bear  our  hands  in,  that  is  at  70^  centi^prade. 
The  importance  of  this  is  that  in  decomposing  heaps  of 
manure  or  decomposing  thin  sheets  of  material  like  sewage 
the  temperature  sometimes  goes  very  high,  and  objections 
have  been  raised  to  the  possibility  of  bacterial  action,  but 
there  really  is  no  difficulty  about  that,  unless  the  tempera- 
ture gets  very  much  higher  than  it  usually  does.  Still, 
these  thermophilous  bacteria  will  live  at  very  high  tem- 
peratures indeed.  In  all  these  cases  we  find  that  there 
are  certain  degrees  which  we  may  call  the  minimnm.  For 
instance,  the  minimum  of  aeration  at  which  the  life  can  go* 
on.  And  then  if  we  go  on  increasing  this  we  get  to  a  point 
which  we  may  call  the  maximum  amount  of  aeration,  while 
if  we  go  an^further  it  must  8top--t.e.,  at  that  temperature. 
And  there  is  a  point  somewhere  between  these  extremes 
which  is  now  generally  called  the  optimum,  where  the 
actions  are  going  on  at  their  best,  and,  of  course,  in  any 
pure  culture,  in  bacteriological  work  which 'is  concerned 
with  working  out  a  special  problem,  the  thing  to  do  is  io 
get  at  these  optimum  conditions,  and  there  is  idways  found 
to  be  a  range  beyond  them.  8o  that  matters  are  very  much 
influenced  by  aeration,  the  rising  or  falling  of  the  tempera- 
ture, the  access  of  water,  and  even  other  factors  in  the 
environment — flight,  for  instance. 

2542.  Can  you  tell  us  exactly  what  you  mean  by  aerobic 
and  anaerobic  forms  ? — ^Most  known  organisms,  fungi  and 
bacteria  included,  must  have  oxygen,  must  have  air  for 
respiration  just  as  an  animal  must.  They  cannot  live  un- 
less they  have  a  partial  pressure  of  oxygen,  which  is  com- 
parable to  that  in  this  atmosphere  at  present.  But 
Pasteur  discovered  in  1861  that  certain  fermentations  were 
brought  about  by  organisms  living  in  the  depths  of  liquids 
where  it  was  impossible  that  there  could  be  any  oxygen, 
and  on  working  the  matter  out — and  it  has  now  been 
abundantly  confirmed — Pasteur  showed  that  these  organ- 
isms not  only  can  ferment  in  the  absence  of  air,  not  only 
can  live  without  oxygen,  but  that  they  cannot  do  their 
work  in  the  presence  of  oxygen.  Oxygen  acts  to  them  like 
some  other  gas,  which  we  are  accustomed  to  call  a  poison, 
does  to  ordinary  aerobic  bacteria.  So  that  at  one  extreme 
we  have  organisms  which  do  their  work  in  the  absence  of 
air,  and,  at  the  other,  organisms  which  do  their  work  with* 
the  full  access  of  air,  and  between  there  are  forms  which' 
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require  that  the  oxygen  shall  be  at  a  certain  partial  pres- 
sure. Some  very  beautiful  cases  have  been  examined 
lately,  in  which  the  bacteria  can  do  their  work  some  little 
distance  down  below  the  surface  of  water  into  which  oxygen 
is  diffusing,  but  they  cannot  come  higher  up  unless  the 
pressure  of  oxygen  diminishes,  e.g.,  with  changes  in  the 
temperature,  and  it  is  even  suggested  pressure  :  a  film  of 
bacteria  living  just  where  the  supply  of  oxygen  is,  say, 
half  what  it  would  be  at  th«  surface  there  carry  on  their 
work.  And  so  we  have  these  cases  of  aerobic  and  an- 
aerobic, and  partially  aerobic  organisms.  But  in  addition 
to  these  there  is  az)|  extraordinary  ph3rs:ol  g  cil  class  of  bac- 
teria, still  a  small  one,  but  very  well  known  in  some  cases, 
which  are  what  we  now  call  facultative  anaerobes.  That  is 
to  say,  if  you  grow  them  in  one  supply  of  food  material  they 
will  do  without  oxygen,  and  will  carry  on  their  fermenta- 
tion in  the  absence  of  oxygen ;  if  you  then  grow  them  on 
another  kind  of  material — ^say  nitrogenous  material,  w/.ere- 
as  the  last  one  was  a  material  containing  sugar — ^you  must 
give  them  some  oxygen,  so  that  they  can  be  either  an- 
aerobic or  aerobic,  according  to  circumstances,  and  they  are 
therefore  called  "  facultative  anaerobic."  Anaerobiosis  was 
put  on  a  perfectly  firm  footing  by  Pasteur,  and  every  series 
of  observations  into  this  group  of  organisms  since  has 
shown  how  accurate  he  was  in  his  facts.  There  is  no  do abt 
whatever  as  to  the  existence  of  anaerobic  organisms. 

8543.  Do  I  understand  that  the  destruction  of  bodies 
such  86  paper  and  cellulose,  etc.,  only  occurs  in  the  depths  7 
— So  far  as  really  accurate  observations  on  the  destruction 
of  cellulose  go  that  appears  to  be  the  case.  The  cellu- 
lose-destroying organisms  have  been  isolated  of  late, 
and  found  to  be  anaerobes.  They  canr  on  their  work  of 
destroying  vegetable  fibre  and  vegetable  cell  walls,  dead 
leaves,  and  so  forth  in  the  mud,  in  pools,  and  in  marshes, 
in  ponds,  etc.,  and  it  is  owing  to  their  action  that  quanti- 
ties of  marsh  gas  are  given  off  at  various  times.  And  in 
late  researches  in  Neva  mud  a  ceUulose-destroying  organ- 
ism has  been  isolated,  which,  provided  it  is  cultivated  in 
the  absence  of  air,  fixes  itself  upon  pieces  of  paper, 
causes  the  fibres  slowly  to  swell  and  dissolve,  and  in  Ukct 
destroys  this  fibre,  destroys  cellulose,  and  there  can  be  no 
doubt  that  substances  like  paper  are  destroyed  in  that 
manner  in  the  soil,  or  in  domestic  sewage.  This  occurs 
only  in  the  depths,  but  there  have  been  cases  described 
where  actions  of  this  sort  can  go  on  nearer  the 
■apply  of  air,  say  at  the  surface  of  a  liquid,  provided  some 
other  organisms  can  protect  the  anafirobic  one  from  the 
action  of  oxygen.  We  now  know  several  interesting  cases 
of  symbiosis  where  one  organism  protects  the  other,  and 
ensheathes  it,  as  it  were,  with  an  oxygen  screen,  and  then 
the  latter  can  carry  on  its  work.  So  that,  although  in  the 
particular  case  of  cellulose  our  actual  knowledge  is  confined 
to  the  action  of  anaerobic  organisms,  from  the  behaviour  of 
certain  anaerobic  organisms  in  symbiosis  with  others, 
partly  in  these,  but  more  especially  in  some  other  connec- 
tions, it  is  quite  possible  that  the  action  can  go  on  not  in 
the  depths ;  and  similarly  with  other  of  these  anaSrobic 
decompositions. 

2544.  May  I  ask  what  you  mean  by  symbiosis? — ^In 
certain  cases  it  has  been  found  that  actions  which  could 
not  be  produced  by  one  organism  alone — fermentations, 
for  instance— -«an  be  produced,  provided  the  food-sub- 
stances have  been  acted  on  first  by  another  organism. 
Many  instances  of  that  are  known,  and  in  those  cases  we 
may  speak  of  metabiosis,  life  following  life,  as  it  were,  in 
successive  crops;  but  there  are  other  cases  where  the 
actions  are  simultaneous,  two  organisms  which  are  me- 
chanically joined,  glued  together  as  it  were,  by  some 
common  investment,  will  do  work  which  neither  of  the 
organisms  alone  can  do,  and  that  we  speak  of  as  symlncsis. 
It  must  not  be  forgotten  that  there  are  also  cases  among 
these  complex  mixed  fermentations  where  a  third  set  of 
events  is  shown  to  be  true,  which  may  be  called  ''antago- 
nism "  ;  where  one  organism  (A)  could  carry  on  a  certain 
fermentation  provided  another  organism  ^B)  is  kept  away 
from  it,  but  if  this  other  organiam  (B)  is  in  the  en- 
vironment their  action  is  antaffonistic,  and  the  work  is 
not  done.  That  is  to  say,  the  physiological  action  is  going 
on  in  a  different  direction  from  the  direction  in  whicb 
either  of  them  alone  would  carry  it.  So  that  symbiosis 
comes  to  mean  the  act'.on  together  of  two  living  organisms 
where  the  action  of  each  does  not  hinder — at  least  does 
not  hinder — and  in  meet  cases  helps  the  ot/her.  One  or 
two  case^  have  now  been  thorouyhlv  worked  out,  and 
from  the  little  we  know  there  must  be  very  many  com- 
plex oases  still  existing. 

2545.  Is  it  probable  that  such  complex  fermentations 
occur  in  sewage  ? — ^Yes,  I  think  so.  iudtjfing  from  what  we 
know  of  the  nitrification  and  denitrification  which  are  going 
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on,  partly  upward  work,  and  which  is  being  undone  again  j/r.  a.  M. 
by  a  series  of  organisms ;  and  from  what  we  know  of  in  hat  '^"'^'a* 
goes  on  in  marshes  and  in  the  mud  at  the  bottom  of  rivers,  '  IIL. ' 
of  stagnant  pools,  and  so  forth,  where  we  have  a  series  of  2  Nov.  isot. 
cellulose  organisms  breaking  up  cellu.ose  into  methane  or 
marsh  gas,  &c.  Supposing  water  contains  certain  quanti- 
ties of  sulphates,  the  nascent  methane  can  decompose 
these  sulphates,  and  a  quantity  of  sulphuretted  hydrogen 
will  be  produced.  There  has  even  been  shown  to  exist 
in  such  sulphate-containing  waters  a  desulphure;ting  bacte* 
rium  very  like  the  denitrifying  one,  and  which  Beyerii  ck 
has  lately  shown  attacks  sulphates,  and  so  breaks  them 
down  that  it  has  been  said  to  be  possible  to  destroy  the 
hardness  of  water  by  this  bacterium  de-sulphuricans,  and 
to  use  it  in  boilers  where  tiie  water  containing  so  much 
of  this  sulphate  could  not  be  used  before.  Then,  exisiing 
under  exactly  similar  environments,  we  have  a  series  of 
organisms  that  take  up  the  sulphuretted  hydrogen,  oxidise 
it,  store  up  sulphur  in  their  own  cells,  and  then  carry  it 
to  the  surface,  bum  off  that  sulphur,  and  produce  sul- 
phates again.  These  are  one  or  two  instances  cf  cqmplex 
fermentations  of  this  sort  that  have  been  fairly  worked 
out.  And  when  one  sees  what  exists  in  a  mixture  like 
sewage,  this  kind  of  thing  must  be  going  on,  I  should  say, 
at  various  points,  according  to  the  ciicumstances,  accora- 
ing  to  whether  it  is  in  motion,  or  whether  it  is  quite  quiet, 
whether  it  is  deep  or  shallow,  and  so  forth. 

2546.  Is  anything  known  regarding  the  destruction  of 
fattv  matters  such  as  must  occur  in  domestic  sewage? — 
•Very  little,  but  something  has  been  done.  Fats  have  been 
shown  to  be  attacked  by  some  bacteria,  and  by  some  fungi, 
and  in  one  or  two  cases  it  is  fairly  made  cut  that  the 
fats  are  broken  down  into  glycerine  and  fat  y  acida, 
and  t)hen  the  glycerine  is  used  by  the  bacteria  for  food. 
We  have  one  or  two  cases  which  we  are  only  jrst  becoming 
familiar  with,  where  fungi  do  this.  A  few  years  ago  the 
question  of  the  destruction  of  t;he  fats  of  buried  animals, 
which,  of  course,  is  always  an  important  question,  has 
been  attacked,  and  there  is  no  doubt  of  the  general  fact 
that  fats  can  be  attacked  and  destroyed  by  bacteria, 
aMiough  the  exact  processes  are  still  matters  that  re- 
quire furtiher  research. 

2547.  And  would  these  problems  be  affected  by  the- 
admixture  of  mineral  and  other  chemical  substances? — 
Oh,  I  should  say  undoubtedly  ;  tihere  can  be  no  doubt  of  it, 
if  we  only  take  the  cases  that  we  know  so  well  where  the 
acidity  or  the  alkalinity  of  the  medium  affects  the  life  of 
the  organism.  Over  and  over  again  it  is  found  that  you 
can  grow  a  bacterium  in  a  medium  which  is  perceptibly 
neither  acid  nor  alkaline,  but  as  soon  as  the  acidity  begins 
to  increase  beyond  a  certain  minimum,  the  bacterium 
goes  to  rest,  and  refuses  to  work  any  longer,  or  even. 
dies,  and  any  action  by  which  you  can  slowly 
neutralise  this  acid  as  it  forms  prolongs  its  activity. 
Then,  again,  if  you  throw  into  a  lerm.nting  mixture- 
where  actions  of  this  sort  are  going  on  matters  like 
calcium  carbonate,  lime,  and  things  of  that  sort,  and 
suddenly  neutralise  it,  I  should  say  you  alter  the  whole 
series  of  fermentations  that  was  occurring.  That,  of 
course,  would  be  matter  of  research  to  work  out  in  detail, 
but  it  can  be  very  fairly  inferred  from  our  knowledge  of 
the  action  of  acids  and  alkalies  on  these  crjanisms,  and 
that  must  be  occurring  wherever  minerals  are  thrown  in. 

2548.  (Cdanel  Harding.)  You  speak  of  putrefaction  as. 
fermentation  ? — Yes. 

2549.  Then  are  we  to  understand  that  there  are  fermen- 
tations of  two  kinds — putrefactive  and  aerobic? — No. 
putrefactive  fermentation  is  not  necessarily  aerobic  ;  many 
of  the  putrefactions,  indeed,  are  anaerobic. 

2550.  Yes.  I  was  rather  assuming  that,  but  are  we  to- 
understand  that  there  are  these  two  kinds  of  fermenta- 
tion, putrefactive  or  anaerobic  and  aerobic? — ^Well,  the 
attempt  has  been  made  to  draw  that  distinction,  but  my 
opinion  is  that  it  cannot  be  held,  and  you  will  find  that 
opinion  expressed  by  most  recent  writers,  such  as  Mi^uU 
and  Lafar  and  other  authorities.  They  say  that  it  breaks 
down.  The  attempt  was  made  to  uphold  putrefaction  as  a 
particular  process  in  whioh  evil-smelling  gases  came  off, 
and  which  was  brought  about  by  the  action  of  anaerobic 
organisms.  But  neither  cf  these  characteristics  is  true. 
I  mean,  you  may  have  anaerobic  fermentation  going  on 
without  putrefactive  gases  and  aerobic  fermoitationa  with 
them. 

2551.  You  said  just  now  that  the  admixture  of  lime 
probably  affected  very  seriously  bacterial  action.  Lime  is 
used  as  a  precipitant  very  frequently,  and,  therefore,  pro- 
bably the  effluent  from  lime  precipitation  works  will  not 


be  in  a  condition  for  future  purification  by  bacterial  life, 
would  it  ? — ^It  would  depend  on  how  mucj'  Ifme  was  put  in 


X 


162 


ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Wr.  B.  M.  and  what  exactly  had  happened.    The  point  on  which  I 

w.%jL^.^c.  should  only  wish  to  express  an  opinion  wou!d  be  this, 

'    -l—'    '  that,  if  you  add  much  lime  to  a  fermen  ation  which  has 

KoT.  1808  |)een  going  on  for  some  time,  and  which  is  acid,  you  are 

certain  to  interfere  with  all  the  fermentation  processes 

which  are  resulting  in  the  formation  of  these  acids. 

2552;  Can  you  tell  us  what  is  the  action  of  the  sewage 
fungus  that  is  sometimes  spoken  of  as  the  sulphur  bac'l- 
luB  F^7?he  sulphur  bacillus  conveys  to  my  mind  no  quite 
definite  idea.  Does  it  mean  one  of  the  sulphate-destroy- 
ing or  sulphur-storing  bacteria  ? 

2553.  I  have  usually  heard  it  referred  to  as  the  same 
thing  as  the  sewage  fungus  ? — ^I  am  afraid  it  conveys  to  my 
mind  no  definifte  idea. 

2554.  {Professor  Foster,)  It  is  a  fungus — is  it  not? — 
excuse  me  interrupting — whioh  is  very  apt  to  appear 
in  the  effluent  ? — It  is  Beggiatoa  probably ;  one  of  the 
sulphur-storing  and  destroying  forms. 

2555.  (Colonel  Harding,)  It  is  ratther  a  test  in  many 
oases  of  the  ohaiacter  of  an  effluent  if  you  find  what  is 
popularly  known  as  sewage  fungue  in  it  It  is  a  white, 
greyish  matter? — Very  thick  and  fluffy,  lining  the  pipes. 

2556.  Covering,  for  instance,  decaying  reeds  in  the 
stream  ? — Yes.  H  I  may  assume  that  it  is  Beggiatoa,  one 
of  l^e  sulphur  fungi,  I  think  I  could  say  eomething,  but 
under  the  name  "  sewage  fungus  "  I  should  have  thought 
several  forms  mi^ht  be  concerned. 

2557.  My  knowledge  is  entirely  of  the  popular  kind 
on  this  matter,  and  sewage  fungus  is  constantly  referred  to 
by  inspectors  as  a  si^ru  ofa  bad  effluent? — Pipes  are  some- 
times choked  by  Beggiatoa  and  other  forms  of  bacteria, 
which  are  apt  to  stick  to  the  pipes  and  grow  in  the 
effluent,  some  containing  a  good  deal  of  sulphur. 

2558.  Then  passing  to  confervoid  growths  in  water, 
what   is  their   action;    is   it  in   any    way  a   purifying 

^action,  or  is  the  presence  of  such  a  sign  of  purity  or  otner- 
wise  in  any  water? — ^The  presence  of  plants  containing 

*^een  material  is  not  necessarily  a  sign  of  a  pure  water. 

There  are  certain  organisms  which  are  quite  green,  and 
which  will  give  a  perfectly  green  colour  to  water,  e.g.y 
Euglena,  for  instance,  and  certain  blue-green  algae,  which 
Eve  in  water  containing  a  good  deal  of  organic  matter. 

2559.  The  popular  idea  is  that  the  presence  of  what  I 
was  referring  to  as  sewage  fungus  is  a  bad  sign,  and  t^"i" 
the  presence  of  green  confervoid  growths  is  a  good  sign 
in  an  effluent? — ^AsBuming  that  we  mean  the  same  thing, 
generally  speaking,  by  the  sewage  fungus,  I  could  quite 
agree,  but  with  regard  to  the  green,  it  would  depend  verv 
inuch  indeed  on  what  the  green  organism  is.    It  is  true 

*  there  are  not  many  plants  that  will  live  in  a  really  bad 
water  from  this  point  of  view,  i.c.,  containing  a  good  deal 
of  organic  matter,  but  there  are  certiinly  some  green  orga- 
nisms that  will. 

2560.  What  about  the  presence  of  diatoms  in  water,  for 
instance,  kaviculee?— I  am  very  much  surprised  if  the 
presence  of  diatoms  in  a  water  is  conclusive  as  to  the 
purity  or  non-purity  of  the  water. 

2561.  I  am  not  in  any  way  suggesting  whether  that  is  o\ 
is  not  so  ;  I  am  seekind;  information  from  you  ? — ^I  do  not 
know  that  it  is  so  at  all. 

S562.  Your  idea  is  that  the  presence  now,  for  instance, 
of  oonfervoid  growths  in  effluent  water  does  not  reyeal 
anv  condition  that  is  useful  to  us? — ^I  cannot  see  that  it 
does. 

2563.  Tou  mean  that  they  miight  be  present  in  jv  very 
objectionable  effluent  just  as  they  might  be  present  in  a 
good  one  ? — ^I  think  so,  yes.  At  the  same  time,  I  should 
rather  say  that  I  know  nothing  to  the  contrary. 

2664.  Do  you  know  of  any  alga  or  fungus  or  diatoms 
or  baoterium,  the  presence  of  which  in  an  effluent  mig(ht  in 
any  way  be  usefiiJ  as  a  test  of  its  purity? — ^I  think  we 
might  certainly  say  that  some  are  the  indicators  of  the 
presence  of  certain  conditions.  For  inatanoe^  iron  bacteria 
would  suggest  that  there  is  iron  in  some  soluble  form. 
There  are  some  bacteria  whioh  aotuaHly  work  up  iron  and 
deposit  iron  oxide — ^rusfc  in  their  walls.  Then  the  presence 
of  the  sulphur  bacteria — they  are  the  indicators  of  the 
presence  of  sulphuretted  hydrogen,  and  that  we  should  pnv 
was  a  bad  water.  I  should  think.  I  think  that  the  sewage 
funflrus  is  nrobably  included  in  those.  Then  with  regard 
to  the  higher  plants — ^well,  there  are  a  few  like  ch«ra  or 
some  oharas  and  some  algae,,  whioh  would  indicate  the 
nresence  of  lime,  not  necessarily  in  very  great  quantities, 
but  one  would  have  to  be  very  careful  in  using  those 
indicators.  I  should  imagine  that  an  indicator  plant  in 
this  connection  must  be  used  very  much  as  we  use  indi- 
rator  plants  m  agricultural  questions.    I  mean,  we  say 


that  the  presence  of  a  certain  type  of  weed  in  a  field  may 
indicate  that  that  field  is  very  clayey  ;  but  a  wet  condition 
can  be  brought  about  without  the  actual  existence  of  day. 
and  that  weed  might  be  found  there.  The  question  uf 
indicator  plants  is  very  complicated,  and  without  having  a 
special  knowledge  on  the  subject  in  this  connection,  x 
should  think  that  it  still  requires  working  from  a  bac- 
teriological point  of  view. 

2665.  Then  would  vou  not  consider  the  presence  of  green 
weeds  in  a  water  to  oeaaign  that  tiiat  water  was  to  a  gre..i 
extent  oxygenated  ? — Higher  green  weeds,  certa  nly.  If 
you  have  abundance  of  higher  plants,  gieen  weeds  con- 
taining chlorophyll,  growing  quite  freely  and  evidently 
doing  well,  certainly  I  should  say  theie  is  a  great  deal  of 
oxygen. 

2566.  {Dr.  Bussdl)  I  want  you  to  help  me  to  think 
clearly  about  the  essential  difference  between  the  anaero- 
bic and  the  adrobic  process.  I  suppose  we  may  call  a  fish 
anaerobic  because  it  lives  in  the  water,  and  dies  in  the 
air,  whilst  creatures  which  do  the  opposite  are  aerobic, 
but  in  both  cases  still  it  is  oxygen  that  is  required?— 
Oh,  but  we  cannot  call  a  fish  anaerobic,  I  think.  A  fish 
is  breathing  oxygen  in  the  water. 

2567.  That  is  the  very  point  I  want  to  get  at.  What  is 
it  that  this  anaerobic  bacterium  is  living  on.  Is  it  oxygen 
wrenched  from  some  combination? — ^That  was  Pasteur^s 
theoiy,  that  it  lived  by  breaking  down  the  bodies  it  came 
into  contact  with,  and  obtaining  what  oxygen  it  needed 
from  them ;  but  the  process  is  probably  much  more  com- 
plicated than  that 

2568.  But  still  it  is  oxygen  that  the  creature  is  in 
search  of  ? — ^We  do  not  know  that. 

2560.  Tou  see  I  start  from  the  very  popular  analogy  of 
the  fish.  I  am  quite  aware,  of  course,  fiiat  it  is  extremely 
popular,  but  still  there  is  something  suggested  to  my  mind 
which  makes  one  wonder  whether  there  is  not  some 
analogy^  between  this  power  that  the  fish  has  of  getting 
the  air  in  a  certain  way  and  the  faculty  that  the  bacterium 
has,  in  the  one  case  taking  free  oxygen  from  tiie  air, 
and  in  the  other  fighting  some  organised  element  for  the 
possession  of  it  ? — ^I  think  there  is  no  satisfactory  explana- 
tion of  what  anaerobiosis  consists  in.  It  is  only  that  the 
fact  is  now  so  definitely  proved. 

2670.  {Professor  Foster,)  Excuse  me,  you  said,  I  think, 
a  few  minutes  ago  that  Pasteur's  explanation  of  the  anaero- 
bic action  was  that  it  was  a  device  of  the  organism  to  obtain 
oxygen,  and  in  the  absence  of  free  oxygen  to  obtain  oxygen 
from  the  decomposition  of  the  body  which  it  decomposed? 
—Yes. 

2571.  And  that  still  remains,  does  it  not.  as  a  popular 
bacteriological  explanation  of  anaerobic  action  ? — Yes. 

2572.  But  I  understand  you  now  to  say  that  with  your 
present  researches  you  are  not  satisfied  that  that  is  the 
whole  explanation  of  the  matter? — ^That  we  do  not  know 
in  what  anaerobiosis  consists. 

2573.  (Dr.  Bussell.)  I  suppose  sewage  to  begin  with 
0warme  with  both  aerobic  and  anaerodic  bacteria? — I 
should  saj  that  anaerobic  bacteria  abound  in  the  depth, 
yes,  that  it  swarms,  and  that  at  the  surface  anaerobic  bac- 
teria may  be  there. 

2574.  Then  both  these  classes  may,  of  course,  evidently 
from  the  very  interesting  story  you  have  told  us,  be  useful 
in  the  ultimate  disposal  of  the  sewage.  Supposing  you 
take  out  a  jrartion  of  the  sewage  and  put  it  in  ciroumstonces 
such  as  the  septic  tank  in  order  to  cultivate  the  anaSrobic 
bacteria,  what  effect  will  it  have  on  the  aerobic  f — ^The  de- 
privation of  oxygen. 

2575.  Supposing  you  have  this  sewage  in  which  you 
have  got  bacteria  of  both  classes,  both  of  which  in  their 
own  way  under  favourable  circumstances  may  be  useful  to 
you  ultimately,  and  in  order  to  give  the  anaerobic  bacteria 
a  chance  you  put  them  in  favourable  circiimstinces  such  as 
the  septic  tank  is  said  to  afford,  what  will  be  the  effect  on 
the  other  class  of  bacteria ;  will  it  laU.  them  7 — ^They  miy 
pass  into  the  spore  9tage  the  circumstances  a'-e  mad  ^  ^un- 
favourable for  them  ;  they  are  not  exactly  killed,  I  am, 
however,  not  sure  that  I  am  clear  what  a  septic  tank  is. 

2576.  We  are  very  familiar  with  the  septic  tank,  of 
course  ;  it  is  the  Exeter  process.  It  simply  means  retain- 
ing the  sewage  for  a  certain  time  in  a  tank,  what  you  might 
call  an  anaerobic  tank? — Yes. 

2577.  And  a  scum  forms  of  the  fatiy  and  light  matters, 
and  a  deposit  forms  of  the  heavier  matters,  and  interme- 
diately a  fluid  passes  off  which  is  much  improved  in  its 
character,  and  I  think  it  has  been  found  thi^  the  number 
of  bacteria  in  that  fluid  is  very  much  diminished  compared 
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with  tli«  number  in  it  when  it  enters  the  tank? — Oircum- 
fltaiicee  in  which  anaerobic  bacteria  would  be  favoured, 
and  aerobic  bacteria  would  be  disfavoured. 

2578.  Disfavoured,  yes? — It  does  not  necessaiil/  im- 
ply that  those  that  are  disfavoured  are  killed. 

2$79.  They  may  be  anaesthetised^-chloroformed  ? — 
They  may  be,  so  to  speak,  anaesthetised. 

2580.  Then  take  pathogenic  bacteria — does  that  classi- 
fication divide  them  in  two ;  are  they  also  anaerobic  and 
aerobic? — ^Yes,  it  emends  through  all  the  groups  of 
bacteria.  One  of  ihe  first  things  to  know  about  a 
bacterium  is  whether  it  is  or  is  not  capable  of  being 
anaerobic.  I  am  not  familiar  in  detail  with  pathogenic 
bacteria,  but  I  can  say  that  with  certainty,  that  it  does 
apply  to  them. 

2581.  And  independent  of  their  pathogenic  function 
iuxtj  exercise  this  other  influence  on  sewage  in  virtue  of 
their  method  of  life? — ^Unquestionably  there  are  facts — 
by  the  bye,  there  are  many  interesting  facts  with  regard 
to  bacterium  coli,  one  of  the  commonest  of  the  foeces  bac- 
teria, which  would  support  that. 

2582.  {Professor  Foster.)  I  gather  that  you  speak  of  all 

these  changes  which  are  produced  by  the^  micro- organ- 
isms in  organic  bodies  as  fermentatioTi  ? — Yes. 

2583.  Some  of  those  are  accomjMUiied  by  ill-smelling 
gases? — Yes. 

2584.  The  evolution  of  ill-smelling  gases  ? — ^Yes. 

2585.  That  is,  I  suppose  an  incident,  is  it? — ^An  inci- 
dent. 

2586.  And  although  you  mav,  for  convenience  sake, 
speak  of  all  these  changes  which  produce  these  ill-smelling 
sases  as  putrefaction  there  is  really  no  essential  difference 
between  the  putrefactive  changes  and  the  other  changes  ? 
— ^No  essential  difference  can  be  said  to  exist. 

2587.  And  the  putrefactive  changes  are  not  necessarily 
ana^iobic  ? — ^They  are  not  necessarily  anaerobic. 

2588.  They  generally  are? — ^They  generally  are  if  evil 
smelling  gases  are  given  off. 

2589.  That  kind  of  change  which  gives  rise  to  an  evil 
smelling  gas,  and  which  we  speak  of  as  putrefaction,  is 
generally  produced  by  an  organism  working  under  an- 
aerobic conditions? — ^Yes. 

2590.  But  they  can  be  produced  by  organisms  working 
under  aerobic  conditions? — ^Yes,  the  production  of  am- 
monia and  ammoniated  gases — sulphuretted  hydrogen. 

2591.  Ammonia  would  not  be  called  an  evil  smelling 
gas,  I  think  ? — ^Ko,  ammonia  we  should  exclude.  Am- 
monia can  so  often  be  produced  in  other  ways,  but  put 
quite  generally  the  giving  off  of  malodorous  gases  implies 
anaerobic  action)  but  ooaes  occur  in  which  they  are  not  due 
to  anaerobes. 

2592.  Is  it  alwajrs  a  special  organism  which  prodnees 
a  putrefactive  change,  and  doea  that  organism  always  pro- 
duce putrefactive  changes,  that  is  to  say,  changes  accom- 
panied bv  ill-smelling  gases  ? — I  should  have  said  not,  not 
necessarily  so ;  the  circumstances  would  affect  it. 

2593.  That  is  to  say,  an  organism  can  under  one  set  of 
circumstances  produce  a  change  wihich  you  would  simply 
speak  of  as  a  fermentation  inasmuch  as  it  was  not  accom- 
panied by  iU-smelling  gases,  and  under  other  circum- 
stances might  produce  what  you  call  putrefaction  ? — ^Yes. 

2594.  Those  circumstances  being  the  material  on  which 
it  works  or  the  attendant  circumstances  ? — Yezy  commonly 
the  material  on  which  it  works,  the  attendant  circum- 
stances of  acidity  and  alkalinity,  and  of  the  temperature. 
I  cannot  call  a  definite  case  to  mind  for  the  moment,  but 
I  think  I  may  safely  say  with  those  circumstances — 
changes  in  the  environment — would  affect  its  action : 
that  on&  ■  and  the  same  organism  may  at  one  time  on  the 
aame  food  act  in  one  way  and  at  another  time  in  another 

2595.  I  take  it  that  the  acMon  of  these  organisms  is 
always  ponneoted  with  their  reproduction — ^that  is  to  say, 
thait  wihen  you  aee  the  organism  is  active,  when  it  is  pro- 
ducing a  lajqp[e  Amount  of  decomposition,  it  is  produoLng 
that  wirth  the  view  of  increasing  itself  or  producing  pro- 
geny ? — Yes,  building  up  its  own  material,  growing  larger 
and  becoming  more  numerous. 

2596.  You  spoke  of  the  bacillus  which  produced  free 
nitroiren  ? — Y^s. 

2597.  Does  that  work  only  on  nitrates  or  nitrites? — 
Onlv  on  nitrates  and  nitrites.  The  cases  where  it  works 
in  the  presende  of  other  nitrogenous  bodies  are  believed  to 
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be  only  incidental;  that  nitrates  and  nitrites  form  the    Mr.H,U. 
substratum  is  the  conclusion.  ^  i.lg^'Ssc. 

2598.  Putting  those  on  one  side,  the  final  end  of  all  ^  ^'~.,g^ 
these  changes  being,  as  I  think  you  suggested  in  the  **  '  **^*  *'"*' 
beginning  of  your  remarks,  the  production  of  nitrates  as 
suitable  material  for  the  growth  of  plants,  is  the  ante- 
cedent phase  to  the  nitrate  always  an  ammonia  phase  ? — 
Yes,  so  far  as  I  know,  always  ammonia ;  I  know  no  cases 
where  it  has  been  worked  out  for  anything  but  ammonia. 

2599.  So  that,  regarding  nitrates  as  t^  desirable  goal  of 
the  changes,  one  ought  to  strive  for  the  reduction  of  the 
material  to  the  ammonia  stage  as  an  antecedent? — ^Yes. 

2600.  To  the  action  of  these  nitrifying  agents? — ^Yes. 

2601.  That  reduction  to  the  ammonia  stage  may  be  pro- 
duced by  a  variety  of  organisms  ?— 'By  a  large  number 
of  organisms. 

2602.  Some  of  them  working  in  an  anaerobic  way,  and 
some  of  them  working  in  an  aerobic  way  ? — Yes. 

2603.  So  that,  perfectly  apart  from  the  circumstances  of 
symbiosis,  to  which  you  refer,  in  order  to  produce  out  of 
the  ori^^inal  crude  material  of  sewage  the  ammonia  as  an 
antecedent  to  the  wished-for  nitrates,  it  is  not  necessary 
that  the  process  of  change  should  be  one  of  anaerobic  con- 
dition ? — No,  I  should  say  not. 

2604.  But  do  you  think  that  the  changes  ^^ich  take 
place  under  anaerobic  conditions  are  more  rapid 
and  more  powerful  than  those  which  take  place  under 
aerobic  conditions? — That  I  cannot  say.  I. should  think 
that  would  depend  on  many  circumstances,  and  especiaLy 
on  the  method  of  distributing  the  surface  to  be  worked  on 
by  anaerobic  organisms — I  mean,  the  rate  of  aeration  or 
the  movement  But  whether  in  one  and  the  same  mass  of; 
liquid  aerobic  fermenlilMaon  or  ana^ro^bic  fermentttbion 
would  take  piace  the  more  quickly,  I  oould  not  say. 

2605.  What  I  rafahetr  meant  was  this :  With  your  know- 
ledge of  the  organisms,  if  you  wished  as  rapidly  as. 
possible  to  bring  a  quantity  of  the  material  present  in 
crude  sewage  to  the  ammonia  condition,  would  vou  pro- 
vide the  material  with  anaerobic  or  with  aerobic  organ- 
isms?— Oh,  aerobic. 

2606.  Aerobic  ?— -Aerobic. 

2607.  But  why? — ^Because  I  should  say  the  decomposi- 
tion of  the  nitrogenous  material  would  go  on  more  rapidly. 

2608.  More  rapidly  with  the  aerobic  than  with  tho 
anaerobic  ? — ^Yes. 

2609.  In  fact,  you  regard  the  anaerobic  almost  as  Pas- 
teur did,  as  the  particular  trick  which  was  induced  under  - 
certain  drcumstances,  but  not  one  which  you  would  con- 
sider as  the  nofrmal  process  in  the  events  of  nature  ? — ^Yes» 

2610.  A  large  proportion  of  the  sewage  must  consist  of 
cellulose  or  allied  forms ;  tliere  must  be  a  considerable- 
quantity  of  material  of  that  kind  in  the  sewage  ? — ^I  should 
think  so. 

2611.  And  a  good  deal  of  the  so-called  suq)onded  matter 
which  is  not  of  an  inorganic  nature  is  probably  more  or  less 
allied  to  cellulose,  cellulose  being  so  very  insoluble? — 
Yes,  materials  like  paper,  and  wood,  and  any  vegetable 
refuse  would,  of  course,  contain  a  great  deal — I  mean, 
comminuted  substances,  like  straw,  parts  of  vegetables 
that  have  passed  undigested  through  animals,  and  such 
like  bodies  would  contain  large  quantities  of  c^ulose. 

2612.  In  speaking  just  now  of  the  question  between 
anaerobic  and  aerobic  conditions,  I  had  in  my  mind,  and 
probably  you,  chiefly  nitrogenous  matters? — Yes. 

2613.  But  did  I  understand  you  to  say  that  aM  the 
cellulose  destroying  oEganiams  were  always  those  whioih 
acted  under  anaSrobdc  conditions? — Yes,  I  think  I  am 
right  in  saying  they  are  all  ana^rdlnc. 

2614.  You  do  not  know  at  present  of  organisms  which 
can  destroy  cellulose,  and  espeoially  which  would  destroy 
simple  suspended  articles  of  cellulose  and  the  like  under 
aerobic  conditions  ? — ^I  can  recall  none.  No,  they  are  all 
anaerobic  that  have  been  worked  out — all  -Uie  cases  that 
I  am  acquainted  with  concern  anaerobic  forms. 

2615.  Then  might  we  infer  from  that  that  in  the  dis- 
posal of  sewage  it  is  most  desirablo  that  at  all  events  a 
part  of  the  process  should  be  of  an  anaerobic  kind  ? — ^Yes, 
otherwise  I  do  not  see  how  much  of  the  solid  material 
would  be  got  rid  of. 

2616.  Well,  we  had  a  case  brought  before  us — Colonel 
Ducat's  system — ^which  is  entirely  an  aerobic  process, 
where  he  artificiallv  introduces  air  mto  his  filters,  so  that, 
according  to  his  account,  the  whole  of  the  material  is 
thoroughly  exposed  to  air  during  the  whole  process,  where 
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Mr.  H.    M  no  anaerobic  actions  can  go  on,  and  yet  he  states  that  the 

jrT**]?'"     ^^^^  matter  of  the  sewage  which  must  contain  a  very 

.  ^^.^c.  j^y^^  quantity  of  the    ceMulose    materials   entirely  dis- 

t  Hot.  1888.  appears  ? — It  is  opposed  to  all  tiiat  I  know  of  cellulose 

destroying  organisms.     I  cannot  see  how  merely  aerobic 

organisms  could  get  rid  of  that. 

2617.  But  is  it  not  possible,  or  have  you  any  knowledge 
as  to  the  possibility,  of  these  cellulose  destroying  organ- 
isms working  in  symbiosis  with  aerobic  organisms  ? — ^Yes, 
that  is  possiole,  if  they  are  sheltered  from  oxygen  by  an 
aerobic  form.  There  are  two  or  three  cases  that  show  us 
they  might  do  their  work,  but  they  are  reaUy  working 
as  anaerobic  organisms  under  those  circumstances. 

2618.  Under  those  circumstances  are  both  these  organ- 
isms flourishing,  do  you  think? — ^Yes,  I  think  so,  other- 
wise I  do  not  think  the  symbiosis  could  continue. 

2619.  Both  of  them  are  multiplying  ?— Both  of  them 
are  flourishing. 

2620.  You  think  it  quite  possible,  under  conditions  like 
those  whidh  I  have  juat  mentioned  of  Gobnei  Ducafe  filter, 
that  you  might  have  going  on  at  the  same  time  anaerobic 
action  and  aerobic  action  f—I  think  it  is  quite  conceiyable. 

2621.  And  probably  the  two  working  together  would 
assist  each  other  ? — ^Would  asi^st  each  other. 

2622.  So  that  the  change  in  the  whole  material  might  be 
more  rapid?— So  that  the  change  might  be  going  on  at 
maximum  rapidity.     That  is  quite  conceivable. 

2623.  Then,  it  is  not  neoessary  to  provide  for  the  de- 
struction of  sewage  in  special  anaSrobic  conditions? — ^I 
should  say  not  Certainly  as  regards  that  part  of  the 
destruction  of  these  solid  bodies  it  could  go  on,  provided 
the  other  organisms  are  present,  symbiotically  helping 
them.  Of  course,  the  particular  conditions  unaer  which 
sewage  is  destroyed,  as  sewage,  makes  me  hesitate  a  Httle, 
because  I  do  not  know  how  deep  the  sewage  tank  might 
be,  or  how  the  sewage  is  decomposed.     I  am  speaking,  I 

;  should  like  to  say,  quite  generally. 

2624.  The  sewage  in  this  case  is  brought  on  to  the  top  of 
.  a  filter  of  broken  fragments  of  clinker — small  fragment^i  of 

cUnker,  which  are  arranged  in  series  of  layers,  and  pipes 
are  introduced  into  these  layers,  so  as  to  allow  air  to  have 
free  access  to  the  whole  thickness  of  the  filter? — ^Yes. 

2625.  And  Colonel  Ducat  says  that  he  takes  the  crude 
sewage  with  only  large  masses  screened  off,  and  puts  it  on 
the  top  of  the  filter,  and  that  as  it  passes  through  the 
filter  the  whole  of  the  solid  matter  is  destroyed,  including 
in  that  case  a  very  large  quantity  of  cellulose  ? — ^I  know 
of  no  aerobic  organisms  that  would  do  that. 

2626.  But  ^ou  think  it  is  quite  possiUeT — ^I  see 
how  it  is  possible  if  there  is  a  layer  of  organisms  all  over 
this  filtering  machinery — ^a  layer  of  organisms  which  con- 
tains, as  it  were,  a  core  of  anaerobic  organisms ;  the  latter 
o^n  do  their  work,  but  they  are  still  working  anaero- 
bically. 

2627.  Do  you  think  it  would  be  possible  experimentally 
to  ascertain  what  is  going  on  in  such  a  filter? — ^Yes,  it 

V  ought  to  be  possible  by  the  method  of  strict  experiment, 
beginning  at  the  beginning. 

2628.  You  speak  of  bacteria  acting  at  a  low  tempera- 
ture— for  instance,  at  zero  centigrade — at  freezing  point? 
—Yes. 

2629.  That  is  a  special  kind  of  bacteria? — ^Yes,  special 
lands  of  bacteria  have  been  descplbed  that  do  work  at 

these  low  temperatures. 

2630.  But  the  ordinary  bacteria,  or  the  ordinary  forms 
^of  bacteria,  working  normally  at  the  ordinary  temperature, 
their  action  would  be  suspended — ^probably  woum  be  de- 
layed, and  possibly  eventually  suspended  at  so  low  a 
temperature  ? — Undoubtedly  ;  ordinary  river  bacteria 
work  very  slowly  at  anything  below  twelve  centigrade, 
and  at  ten  centigrade  you  may  say  their  action  is  sus- 
pended practically;  I  have  shown  that  to  be  true  from 
actual  observation  on  the  rate  of  growth  of  these  forms. 

2631.  Then  in  a  filter  which  was  supposed  to  be  destroy- 
ing the  sewage  matter  by  ordinary  bacteria,  you  would 
expect  that  action  to  be  suspended  when  the  temperature 
'fell  ?— Yes. 

2632.  Unless  there  are  present  in  sewage  bacteria  which 
are  capab!e  of  acting  at  a  low  temperature,  which  naturally 
would  not  act  at  a  high  temperature,  but  might  remain 
dormant,  and  then  act  at  a  low  temperature  ? — ^Yes,  cer- 
"tainlv. 

2633.  That  you  think  is  possible? — Quite  possible. 
Changes  of  temperature  would  favour  and  disfavour 
different  bacteria  probably. 


2634.  Is  it  at  all  a  feature  of  these  bacteria  that  under 
unfavourable  circumstances,  they  go  into  a  dormant  condi- 
tion by  forming  spores  and  the  like,  and  continue  their 
existence  until  such  time  as  they  find  favourable  condi- 
tions, and  then  bunt  out  into  activity? — ^Yes,  there  are 
cases  of  anaerobic  forms  known  which  pass  into  the  spore 
stage  as  soon  as  oxygen  is  let  in,  and  thus  remain  until  aU 
the  oxygen  has  been  used  up  again,  and  then  they  will 
grow — they  germinate  under  anaerobic  conditions. 

2636.  I  understand  you  to  say  that  there  are  some 
organisms  which  are  always  and  exclusively  anaerobic? — 
So  far  as  is  known  they  are  always  anaerobic. 

2636.  Going,  as  you  say  they  may  go,  into  the  condition 
of  spores  ? — ^But  as  long  as  they  are  active  they  are  anaSro- 
bic. 

2637.  And  others  which  are  aSrobic  only? — Others 
which  so  far  as  is  known  are  aSrobic  only. 

2638.  And  which,  if  their  supply  of  oi^ygen  is  cut  off, 
either  die  or  similarly  go  into  a  dormant  or  spore  condi- 
tion ? — ^Yes. 

2630.  But  there  are  others  which  may  act  both  in  one 
condition  or  the  other  ?— Others  which  may  be  both  anaSro- 
bic  and  a6robic. 

2640.  The  same  oiganisms  ? — The  same  organisms. 

2641.  As  soon  as  its  conditions  are  changed  it  adapts 
itself  to  the  new  state  of  things? — Yes. 

2642.  Those  organisms,  are  they  well  known ;  I  mean 
are  they  easily  recognised;  have  they  morphological 
features;  I  mean  could  you  yourself  ascertain  whether 
such  facultative  organisms  were  present  in  sewage  or  not, 
do  you  think? — The  morphological  recognition  cf  forms 
quickly,  one  with  another,  is  very  rarely  pcssible,  but 
they  have  been  worked  at  in  culture,  and  they  have  been 
shown  to  change  their  habit  of  anaSrobism  to  aSrobism. 
They  could  be  recognised. 

2643.  Yes,  but  if  I  put  the  question  to  you,  giving  ;oa  a 
certain  sample  of  sewage, ''  does  that  sewage  contain  facul- 
tative anaerobic  organisms,"  you  by  adequate  research 
could  put  yourself  in  a  position  to  answer  the  quest!  jn  f — 
Yes,  that  could  be  done  by  experimental  methods. 

2644.  And  it  is  possible  that  there  may  be  in  sewage 
perhaps  to  some  considerable  quantity  these  facultative 
oiganisms? — Quite  possibly. 

2645.  Which  might  work  under  both  kinds  of  condi- 
tions, and  work  with  activity? — ^Yes,  quite  possible  I 
should  say. 

2646.  Then  a  great  deal  has  been  done,  has  there  not, 
about  the  pathogenic  character  of  bacterial — ^Yes. 

2647.  Is  it,  or  is  it  not,  the  case  that  an  organism  may 
under  certain  conditions  be  harmless,  and  under  certain 
other  conditions  be  pathogenic? — ^I  should  say  so,  cer- 
tainly. 

2646.  You  have  studied,  I  think,  a  good  deal  the  bac- 
teria of  the  Thames  water  ? — Yes,  I  have  examined  a  great 
many  bacteria  of  the  Thames. 

2640.  Were  they  for  the  most  part  harmless,  or  were 
any  of  them  pathogenic? — ^There  were  some  which  were 
shown  to  be  pathogenic  by  the  pathologists ;  the  ms  jori^ 
of  them  were  not  pathogenic. 

2660.  That  is  to  say  they  were  pathogenic  in  the  form  il 
which  they  existed  in  the  Thames  water  ?^— In  the  form  in 
which  they  were  handed  to  the  pathologist,  which  was  not 
necessarily  the  form  in  which  they  ezi^^d  in  the  Thames 
water. 

2651.  You  think  they  might  have  put  on  pathogenic 
features  by  your  handling  ?--That  is  quite  possible-— by 
the  culture. 

2652.  Then  it  is  quite  possible  for  an  organism  by  the 
change  of  the  circumstances  to  put  on  pathogenic  tettJ^am  ? 


^663.  When  the  effluent  from  sewage  is  discharged  into 
a  river  stream  do  you  consider  it  of  importance  as  to 
whether  it  does  or  does  not  contain  a  large  number  of  or- 
ganisms, and  especially  as  to  the  nature  of  those  organ- 
isms ? — Certainly,  and  I  should  think  that  the  number  of 
organisms  would  be  of  little  importance  copapared  with 
their  nature. 

2664..  As  to  their  nature,  in  what  respect  ? — ^As  to  their 
being  pathogenic  or  not. 

2655.  Or  being  such  as  may  become  pathogenic  ?— -Or 
being  such  as  may  become  pathogenic  by  culture. 

2656.  You  can  conceive  that  an  effluent  at  a  sewage 
works  might  contain  not  a  very  large  number  bat  a  oer- 
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taia  nsmlier  cC  oigfuusms,  and  those  might  be  at  that  time 
liarmless,  but  discharged  into  a  river  might  find  drsom- 
:8tance8  in  which  thej  became  pathogenic  9 — That  is  oon- 
•ceivable,  but  in  going  from  the  one  medium  into  the  rirer 
1  should  say  that  it  is  much  more  likely  that  they  would 
"become  less  pathogenic. 

2667.  They  would  become  less  pathogenic  9 — Yea. 

2668.  Why? — ^Because  one  has  found  evidence  of  form^ 
in  the  river  being  very  weak,  very  feeble,  and  it  is  known 
-that  pathogenic  K>rms  if  they  are  growing  very  feebly  may 
he  much  more  harmless  or  quite  harmless. 

2660.  That  is  after  having  remained  for  some  time  in  a 
river  stream  probably  ? — ^In  a  river  stream. 

2660.  So  that  sewage  discharging  itself  at  a  point  might 
•carry  into  a  river  pathogenic  organisms,  and  yet  at  a  oer- 
<tain  distance  from  there  those  pathogenic  organisms  would 
liave  ceased  to  have  been  pathogenic,  and  Siat  the  water 
might  be  used  fgr  various  purposes  without  fear  9—1  think 
it  quite  possible  that  that  might  happen  where  the  organ- 
isms  were  destroyed.  How  far  they  were  destroyed  Scorn 
the  source  of  entry  is  matter  for  reeeajx^h  in  special  casesi 
but  that  they  gradually  deteriorate  in  the  river  there  is 
evidence  to  show. 

2661.  In  answer  to  questions  which  were  put  to  you  by 
Crolonel  Harding,  I  think  I  understood  yon  to  eay  that  the 
majority  of  green  plants  you  may  take  as  indicative  of  a 
certain  amount  of  free  oxygen  present  in  the  water  9 — ^Yes. 

2662.  So  that  that  might  be  taken  indirectly  as  evi- 
<lence  that  that  water  did  not  contain  sewage  material  so 
^eedy  of  oxygen  as  to  be  depriving  the  water  of  its 
oxygen  9 — ^Yes. 

2663.  But  that  there  were  some  organJBims  even  of  a 
ffreen  colour  which  could  thrive  in  water  containing  little 
or  no  free  oxygen,  organisms  which  would  give  a  green 
colour  euglena  for  instance,  is  that  so  9 — In  water  I  said 
containing  a  good  deal  of  organic  matter. 

2664.  In  water  containing  a  good  deal  of  organio  matter  9 
— ^How  much  is  present  I  do  not  know,  but  a  good  deal  of 
organic  matter,  and  probably  very  little  oxygen  under  the 
circumstances. 

2666.  I  rather  understood  from  you  that  the  organism 
•euglena  would  exist  under  conditions  somewhat  different 
from  that  of  an  ordinary  plant  9 — ^Yes. 

2666.  That  it  would  exist  where  there  was  a  very  con- 
^derable  quantity  of  organic  matter,  and  therefore  pre- 
sumably that  there  was  not  a  large  supply  of  oxygen  in  the 
€uid9 — Yes,  that  is  so. 

2667.  So  that  where  any  green  scum  made  its  appear- 
ance, and  I  suppose  there  are  other  organisms  besides 
euglena  havins  the  same  oharacter  9 — There  are  blue-green 
jLlg89.  Yee,  tiiere  are  organisms  which  would  be  called 
green,  which  we  are  in  the  babit  of  calling  bluc-gre>^ 
algffi,  of  which  that  is  tnie. 

2668.  But  a  botanist  on  being  shown  specimens  of  the 
scum  would  be  at  once  able  to  say  whether  it  was  or  was 
not  indicative  of  a  condition  of  things  containing  little 
organic  matter  and  probably  much  oxvgen  9 — Yes,  I  think 
he  would  in  the  case  of  the  green  pluits  be  able  to  say 
that  pretty  certainly. 

2660.  What  I  mean  is  this.  You  see  Colonel  Harding 
wants  to  know  what  is  the  value  of  the  green  scum  as 
indicative  of  the  purity  of  the  effluent,  and  you  said  that 
all  green  plants  would  not  be  a  proof  of  the  goodness  of 
ihat  effluent  9 — Yes. 

2670.  I  am  now  simply  asking  you  if  a  very  easy 
botanical  examination  would  decide  whether  that  green 
matter  was  an  indication  of  the  goodness  of  the  effluent  or 
not  9 — It  would  decide  whether  it  was  one  of  these  plants 
or  not,  yes. 

267L  Quite  so  9 — ^And  a  general  opinion  could  be  given 
as  to  whether  this  plant  could  grow  in  the  presence  of 
much  or  little  organio  matter. 

2672.  (Professor  Bamsay.)  Can  you  give  us  anv  idea  of 
the  total  amount  of  soSdds  in  sewage.  You  spoke  of  its 
being  a  very  weak  solution  9 — ^No,  I  cannot. 

2673.  It  is  stated  to  be  four  parts  in  ten  thousand. 
Would  it  surprise  vou  to  hear  that  that  is  so  9 — ^I  am  sur- 
prised to  hear  that  it  is  so  dilute. 

2674.  And  of  that,  half  mineral.  You  said  that  there 
was  some  organism  which  caused  nitrates  to  go  back 
again  to  nitrogen.  Do  you  know  if  that  organism  carries 
this  change  a  step  further  and  evolvee  that  nitrogen  as 
ammonia  9 — No,  I  know  of  no  organism  that  does  that. 
The  formation  of  ammonia  generally  occurs  during   the 
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breaking  down  of  organic  substances,  or  of  urea,  and  in 
this  denitrification  process  I  do  not  know  of  any  case  where 
ammonia  is  nroduced. 

2675.  I  suppose  the  destruction  of  cellulose  by  what  we 
may  call  the  marsh  gas  organism  is  a  very  slow  process  9 — 
Apparently  verv  slow. 

2676.  It  has  been  done  on  a  laboratory  scale  9 — ^It  has 
been  done  in  the  laboratory ;  it  has  been  done  in  Wino- 
(*radsky's  laboratory. 

2677.  It  is  a  process  which  lasts  weeks,  does  it  not  9 — 
Two  or  three  weeks,  I  think ;  I  cannot  say  exactly.  I 
think  I  can  tell  you.  No,  the  time  is  not  given,  but  it  will 
not  be  lonfl^er  than  two  or  three  weeks  in  a  case  of  that  sort, 
and  fermentation  goes  on  steadily,  apparently. 

2678.  What  has  struck  me  as  somewhat  of  a  discrepancy 
between  eruoh  statements  and  others  whicdi  have  been  made 
to  us  by  persons  who  have  to  deal  with  sewage  processes  is 
this,  that  the  paper  of  sewage  apparently  disappears  within 
a  day  or  two^  even  within  a  few  hours.  Can  it  be  the 
same  ors:anism9 — ^We  have  evidence  of  the  existence  of 
more  than  one  oryi^anism  which  destroys  cellulose,  but  the 
one  which  I  was  referring  to  is  the  well-worked  out  labora- 
tory case,  where  there  is  little  doubt  that  he  has  got  the 
right  organism  and  thoroughly  worked  it  out,  but  if  you 
look  at  Van  Senus*  case  of  some  years  before,  he  showed 
that  two  organisms  altogether  destroyed  cotton  wool  rather 
rapidly ;  but  there  were  apparently  two  organisms,  and 
we  are  not  so  clear  about  that. 

2679.  Two  quicker  than  one  9 — We  do  not  know  exactly 
what  did  happen,  whether  it  is  a  case  of  symbiosis  or  not. 
I  do  not  quote  it.  because  it  is  not  so  sure. 

2680.  (Prof essor  Foster,)  Were  those  both  anaSroWc  9 — 
I  beUeve  one  is  anaerobic  and  one  aerobic. 

2681.  There  is  a  case  then  of  an  aerobic  organism 
acting  upon  cellulose  9 — ^Well,  we  do  not  know. 

2682.  Suppose  it  is  an  anaerobic  one,  it  does  the  work 
protected  by  the  aerobic. 

2683.  (Professor  Bamsay.)  I  want  to  ask  you  preciselj 
about  that.  Does  the  one  organism  coat  the  other  over  ; 
that  is  to  say,  does  the  aerobic  organism  coat  over  the 
anaerobic  one,  or  is  the  anaerobic  organism  surrounded 
simply  by  a  colony  of  aerobic  organisms  9 — ^Apparently  it 
coats  it  over. 

2684.  (Professor  Foster.)  Sphere  of  influence  9 — ^Yes,  in 
some  cases — ^in  the  case  of  the  nitrogen  fixing  bacterium, 
for  instance,  as  shown  by  the  experiments  of  Winogradsky , 
it  appears  to  make  little  colonies,  and  enclose  it. 

2685.  (Professor  Bamsay.)  Then  another  point  on  a 
remark  that  you  made  was  i^e  condition  of  calcium  car- 
bonate or  limestone.  Would  not  limestone  change  all 
the  conditions,  and  miffht  cause  a  totally  different  series 
of  organisms  to  develop  ?— Yes,  like  any  o&er  great  change, 
it  miffht  disfavour  some  and  favour  oldiers. 

2686.  Would  it  cause  a  certain  set  of  organisms  to  act 
differentlv*  or  would  it  cause  one  set  to  be  replace  i  by 
another  9 — ^It  could  cause  othere  to  act  differently  if  you 
changed  the  acidity  of  the  medium. 

2687.  So  that  it  may  be  a  case  of  replacement,  but  it 
miffht  be  a  case  of  altered  life  conditions  and  other  action  9 
— Ye:i.  Theio  are  organisms  which  cannot  Oe  grown  on 
acid  potato  ;  they  can  be  grown  if  the  potato  is  'nade  alka- 
line ;  but,  on  the  other  hand,  the  same  organism  may 
behave  differently  on  an  acid  medium,  or  an  alkaline 
medium,  and  both  grow. 

2688.  Dr.  Bussell  put  a  question  to  you  as  to  whether 
an  anaerdbic  organism  required  oxygen  for  its  life,  and 
possibly  took  oxy(;en  from  other  bodies  containing  it.  We 
know  of  three  cases  of  fermentation  which  might,  I  think, 
bear  on  the  subject.  Take,  for  example,  the  fermentation 
ot  sugar  into  lactic  acid,  where  the  sugar  is  split  into 
lactic  acid,  without  gaining  or  losing  anything ;  this  sugar 
can  be  made  to  ferment  into  a  butyric  acid,  I  think,  and 
there  it  gives  off  hydrogen,  which  is  obviously  an  anadrobic 
action  ?-— Yes. 

^669.  And,  again,  the  ordinary  fermentation  of  sugar, 
of  course,  is  an  aSrobic  action,  where  oxygen  is  absorbed. 
In  such  a  case,  does  the  organism  which  deals  with  lactic 
acid  deprive  the  sugar  of  oxygen  in  order  to  support  its 
own  life  9 — Well,  I  Uiink  not.  Pasteur  relied  on  the  fact, 
as  he  thought,  that  yeast  would  only  ferment  in  the  absence 
of  oxygen.  But  that  is  not  so.  Fermentation  can  go  oil 
with  yeast  quite  vigorously  with  plenty  of  oxygen  present. 
Yeast  is  not  necessarily  an  anaerobic  organism ;  but  i^ 
looks  as  if  Pasteur's  explanation  with  regard  to  the  oxygen^ 


Mr.  U.  AT. 
F.B.b.,  D.iic 
2  Nov.  1808. 


166 


ROTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  H.  M,  although  it  gives  us  a  very  good  working  hypothesis,  will 
vjusT'DlBe.  ^^^  explain  anaSrobiosis. 

2  NoT~i886.      ^^^'  ^  ^^^^  ^  difficulty  in  seeing  how  the  yeart  plant 
^J. can  multiply  and  increase  unless  it  gets  oxygen  from  some- 
where 9— In  the  case  of  the  yeast  plant  it  no  doubt  gets 
oxygen  in  the  intervals,  in  nature. 

2691.  In  intervals? — In  intervals,  and  is  then,  as  it 
were,  wound  up,  but  we  are  getting  into  the  region  of 
working  hypotheses.  I  still  say  that  I  think  there  is  no 
explanation  of  ana&robiosis. 

2692.  Just  one  more  question.  Does  one  bacterium  ever 
kill  out  another ;  I  mean,  does  one  bacterium  ever  serve  as 
food  for  another  ? — ^I  do  not  think  there  are  any  observa- 
tions showing;  that.  How  far  they  kill  one  another  has 
perhaps  not  been  investigated.  We  are  dealing  with 
extremely  small  organisms,  very  difficult  to  investigate  ; 
but  that  one  oiganism  does  inhibit,  and  apparently 
kill,  another  there  seems  no  doubt.  Of  course,  if  you 
extend  the  question  to  fungi  generally,  they  do  kill  each 
other.  I  srhould  like  to  be  quite  ciLear  there  ;  I  mean,  I 
know  of  no  proof  that  a  bacterium  definitely  kills. a  bac- 
terium, but  X  do  know  of  proofs  of  fungi  killing  fungi  in  the 
broad  sense. 

2693.  And  consuming;  them  ? — ^And  consuming  them. 

2694.  {Major  Greneral  Carey,)  Has  your  attention  been 
specially  drawn  to  any  of  the  processes  of  treatment  by 
bacterial  action  which  have  been  recently  luiroduced  'I — To 
the  actual  processes — no. 

2695.  To  these  different  processes.  I  am  referring  to 
tne  special  treatment  at  Exeter? — 'No,  I  am  not  ac- 
quainted in  detail  with  any  of  the  processes  if  treating 
BCTinge. 

2696.  Is  it  your  opinion  that  a  large  volume  of  surface 
water  suddenlv  admitted  as  storm  water  on  to  the  surface 
of  a  filter  would  affect  the  bacteriological  action  of  that 
filter  ? — ^I  should  expect  it  to  sweep  large  quantities  away, 
but  it  would  depend  upon  whether  there  was  a  firm  film 
of  bacteria  over  the  surface  that  was  washed,  how  far  it 
would  interfere  with  their  action.  I  should  expect  some 
interference. 

2697.  But  not  necessarily  a  very  serious  interference? 
— Not  necessarily.  I  could  imagine  circumstances  under 
which  every  solid  particle  is  kept  in  place  with  a  very  firm 
film  which,  without  knowing  anything  experimentally  of 
the  force  with  which  storm  water  comes  down  on  to  tms,  I 
should  think  need  not  be  washed  away. 

2698.  I  understand  there  are  two  stages  in  which  the 
bacterial  action  im  suspended,  or  practically  suspended — 
that  is,  at  a  low  temperature,  and  at  a  certain  high  tem- 
perature ?— Both  those  circumstances  are  liable  to  bring 
about  suspension  of  bacterial  action. 

2699.  (Professor  Bamsay,)  Can  you  tell  us  anything 
about  the  desfree  of  dilution  in  which  fermentation  will  go 
on  ? — ^No,  I  can  tell  you  nothing  in  numbers,  but  I  should 
have  thouflrht  that  the  limits  were  extremely  wide. 

2700.  (Professor  Foster,)  That  fermentation  will  ac- 
tualily  take  place  in  an  exceedingly  dilute  solution  ? — ^In  an 
exceedinglv  dilute  solution. 

2701.  The  more  dilute  the  easier,  is  it  not? — There 
mieht  be  limits  in  both  directions.  'Phere  are  limits  up- 
wards. 

2'/02.  There  are  limits  upwards  ? — If  it  is^  very  concen- 
trated. 

2703.  Are  there  any  limits  downwards  ? — I  do  not  know 
of  anv  limits  downwards.  I  should  have  thought  it  would 
have  gone  on  as  long  as  there  was  any  material  there. 

2704.  You  were  explaining,  in  this  condition  of  sym- 
biosis, that  you  thought  in  certain  circumstances  the 
colony  of  one  form,  say,  the  aSrobic  form,  might  encirole 
the  other  form,  the  anaerobic  form  ? — ^Yes. 

2705.  Bnt  how,  under  those  circumstances,  does  the 
encircled  form  get  at  the  material  upon  which  it  can  act. 
It  cuts  off  its  oxyften,  but  it  does  not  cut  off  its  food  7 — 
One  may  suppose  that  the  aSrobic  one  there,  in  ferment- 
iuff,  in  breaking;:  down  the  substance,  renders  tjme  of  it 
soluble,  which  can  be  passed  through,  and  can  be  used  by 
the  anaerobic  form — pass  between  Uie  organisms. 

2706.  Yes,  the  matters  in  solution  might  come  to  the 
embraced  organism — at  the  same  time,  there  would  be  a 
zone  round  your  embraced  organism  where  the  oxygen 
might  be  removed? — ^It  is  quite  possible  that  the  only 
difference  between  the  soluble  material  which  is  outside 
and  that  which  is  inside  the  enveloping  zone  was  thst  inside 
there  was  no  oxygen. 


2707.  Quite  so  ;  it  is  a  ring  of  info^nee  rather  than  a 
mechanical  ring  ?---Quite  so. 

2708.  (Sir  Biehard  Thome,)  Continuing  that  point,  I 
understand  you  distinctly  to  hold  tbat  cellulose  is  only 
destroyed  by  the  anaerobic  oiganisms  ? — ^The  cases  that  ar& 
really  satisfactorily  worked  out  apply  to  anaerobic  fer- 
mentation. 

2709.  Well,  then,  on  this  theory  of  an  oxygen  screen  by 
reason  of  adrobic  organisms  surrounding  the  anaerobic 
on^,  how  would  cellulose  be  dealt  with  at  all  when 
the  surrounding  screen  of  aerobic  organisms  would 
not  help  in  the  destruction  of  the  cellulose,  or 
even  in  the  formation  of  simpler  compounds? — 
Let  us  suppose  that  the  destruction  of  cellulose- 
began  by  the  hydrolosis  of  the  cellulose  to  sugar^ 
to  glucose — that  would  be  soluble.  It  is  quite  pos- 
sible that  the  outside  organism  could  do  that,  and  tiien 
this  sugar  could  pass  in  and  be  dealt  with  by  the  inside 
organism.  Of  course,  I  am  only  putting  these  forward  as^ 
possibilities,  but  it  is  quite  possible  that  that  could  happen. 

2710.  The  point  has,  I  think,  considerable  practical 
importance  for  us,  becauae  there  is  no  question  with  regard 
to  that  aerobic  filter  which  was  described  by  Professor 
Foster  when  it  has  got  to  the  naked  eye,  a  transformation 
in  some  twenty  minutes  to  half-an-h(0ur  of  a  very  turbid 
sewage,  which  must  contain  a  very  large  amount  of  cellu- 
lose into  a  perfectly  clear  effluent ;  can  you  explain  thai 
in  any  way  ? — No,  I  cannot  explain  that  step  by  step,  but 
it  does  not  seem  to  me  to  be  proof  that  the  work  is  not 
anaerobic.    That  is  all  that  I  can  say. 

2711.  I  suppose  the  cellulose  could  not  exist  in  the 
effluent  in  an  altered  form,  and  yet  the  effluent  appear  to> 
the  naked  eye  quite  dear  ?— Oh  yes,  if  cellulose  were  only 
in  the  form  of  some  merely  changed  form  such  as  sugar. 
Cellulose  could  very  easily  be  converted  into  sugar  by 
hvdrolosis. 

2712.  True,  but  if  you  had  pieces  of  paper  going  in  at 
the  top?— Yes. 

2713.  And  a  clear  effluent  coming  out  at  the  bottom  ? — 
Yes. 

2714.  That  would  be  rather  a  rapid  transformation, 
would  it  not? — ^Very  rapid  ;  it  strikes  me  as  extremely^ 
rapid. 

2715.  (Professor  Foster,)  There  is  a  form  of  soluble  cel- 
lulose, is  there  not  ? — ^Yes,  there  is  a  form  of  soluble  cellu- 
lose, though  I  know  nothing  of  it  in  connection  with  this. 

2716.  (Sir  Biehard  Thome.)  You  naturally  confine  your- 
self very  largely  to  the  bacteriological  action  upon  sewage 
to-day ;  can  you  tell  me  whether  in  your  opinion  any 
chemical  action  goes  on  during  the  process  of  purifi- 
cation and  filtration  of  sewage  which  is  independent 
of  the  life-processes  of  micro-organisms  ? — Well,  of  course 
that  is  a  question  that  is  outside  my  immediate  study ; 
it  is  rather  a  question  for  a  chemist ;  but  I  should  say 
aome  changes  must  go  on. 

2717.  Then  it  would  not  be,  even  in  your  own  opinion, 
a  purely  bacteriological  process  ? — ^Not  necessarily  so.  At 
the  same  time  I  would  point  out,  speaking  generally  of  the 
importance  of  the  bacteria  in  such  processes,  those  cases 
where  putrescible — exceedingly  putrescible — substancea 
are  exposed  to  the  action  of  air  and  to  the  environment 
generally,  but  keep  free  from  bacteria,  and  they  do  not 
decompose. 

2718.  Then  the  main  influence,  I  rather  gathor  from 
that,  would  be  a  bacteriological  and  not  a  chemical  one  ? — 
A  bacteriological  one,  certainly. 

2710.  Have  you  any  experience  whatever  as  to  the  re> 
lative  vitality  of  ^thogenio  and  non-pathogenic  organisms 
when  they  come  into  contact  with  each  other ;  I  mean  do 
the  non-pathogenic  more  easly  destroy  t^e  pathogenic,  or 
might  the  reverae  possibly  be  the  case  ?— That  I  cannot 
say. 

2720.  I  rather  gathered  from  one  of  vour  answers  thai  a 
pathogenic  property  might  be  acquired  by  a  non-pathogenic 
organism  as  the  result  of  a  single  culture,  la  that  yonr 
opinion  ? — ^I  do  not  think  I  said  that 

2721.  Then  I  must  have  misunderstood  yon  f — No,  with 
cultivation  generally  the  pathogenicity  might  increase. 

2722.  I  thought  I  understood  you  to  say  that  that  would 
depend  entirely  upon  the  culture  medium  in  which  it  was 
grown  ? — I  do  not  think  I  said  so.  It  would  depend  upon 
the  conditions  of  culture  and  on  the  media,  but  more 
than  that  I  should  not  like  to  say — ^that  it  was  limited 
to  any  known  number  of  cultures  or  any  specific  medium 
— but  generally  speaking  these  changes  in  pathogenicity 
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be  biooght  about  by  alteratioiiB  in  the  conditions.  I 
wish  to  speak  quite  generally  with  regard  to  pathogenic 
•iganiama. 

2723.  Speaking  quite  generally,  is  the  process  a  slow 
one,  do  you  think,  and  the  result  of  many  changes,  or 
may  the  transformation  from  non-pathogenic  to  pathogenic 
take  place  with  rapidity  ? — ^I  should  think  with  consider- 
able rapidity  sometimes. 

2724.  More  rapidly  than  a  gardener  can  transform  the 
fiye-petal  wild  rose  into  a  Gloire  de  Dijon? — ^Yes  because 
ire  are  concerned  with  changes  which  go  by  hours  and 
^ys,  whereas  he  is  concerned  with  changes  that  take 
iBonthB  and  years. 

2725.  Then  you  are  of  opinion  that  it  may  be  merely  a 
matter  of  hours  and  days  ? — I  think  it  may  be  a  matter  of 
hours  and  days. 

2726.  Tbu  were  asked  some  question — ^I  think  it  was  by 
Professor  Foster — as  to  the  effect  produced  on  pathogMiic 
oiganisms  on  their  reaching  an  ordinary  watercourse. 
Should  I  be  right  in  assuming  in  the  case  of  a  stream  in 
its  natural  condition  the  change  would  be  in  the  direction 
of  an  organism  losing  its  pathogenic  character,  whereas 
it  is  the  unnatural  or  polluted  conditions  that  rather  favour 
the  transformation  from  non-pathogenic  to  pathogenic  7 — 
That  a  pathogenic  organism  pas>ing  from  a  material  like 
aewage  into  water  of  a  river  would  become  less  p  thcgenic 
is  what  I  should  expect,  not  the  converse. 

2727.  WeH,  then»  that  being  your  view,  could  you  form 
any  general  opinion  as  to  whether  it  would  be  a  safe  or  an 
unsafe  principle  to  go  on,  to  admit  into  a  st  earn  that  which 
is  poBsibly  pathogenic,  or  potentially  pathogenic,  and  then 
to  relv  upon  the  natural  watercourse  to  destroy  it? — I 
ahofuld  say  voiy  unsafe,  though  the  actual  danger  would 
depend  upon  mcuiy  circumstances. 

2748.  I»  of  course,  was  referring  to  a  stream  which 
might  be  need  for  drinking  purposes? — ^I  have  said 
no&ing  of  the  resistance  of  spores  of  the  donnant  forms, 
and  it  ie  not  an  uncommon  event  for  an  orvanism*  which 
in  a  food  material  is  fairly  active,  when  it  suodenly  changes 
its  condition,  to  be  forced  into  a  spore  condition,  and  al- 
though if  exposed  to  light  as  it  passes  down  the  river 
experiments  wiow  thai  it  will  be  giaduallv  destroyed,  stiU 
how  soon  that  will  happen,  or  how  muddy  the  river  is, 
will  affect  the  question,  and  I  should  think  it  would  be  an 
extremely  dangerous  thing  to  do  in  practice. 

2749.  And  if  spore  formation  took  place,  ihe  organism 
would  be  much  more  difficult  of  destrucnon  than  if  not,  I 
suppose  ? — ^The  danger  might  be  increased  very  much. 

2750.  You  were  asked  a  question  as  to  the  influence  of 
chemieal  trade  refuse  on  bacterial  processes,  and  you  in- 
atanced  the  case  of  the  alkalinity  due  to  calcium  carbonate 
destroying  the  acid  result  of  the  bacteriological  action  ? — 
Tes. 

2751.  May  I  ask  you  if  that  acidity  is  not  at  times  the 
ultimate  and  the  final  result  of  the  life  processes  of  organ- 
isms, and  if  so,  is  the  mere  destruction  of  it  after  the 
result  has  taken  place  necessarily  harmful? — ^Xot  neces- 
sarily, perhaps,  but  the  alteration  of  the  medium  in  which 
the  organisms  were  working  might  affect  their  method 
of  working,  or  even  their  life. 

2752.  I  aan  thinking  of  the  fact  that  certain  of  the^e 
micro-orgamsms  in  their  life  processes  do  produce  acids  ? 
—Yes. 

2753.  But  it  is  generally,  is  it  not,  as  the  result  of  their 
actual  death  that  the  acids  are  formed? — ^I  would  rather 
put  it  this  way :  that  the  acids  are  produced 
during  their  lives,  and  as  the  amount  of  acid  in- 
creases we  often  find  that  their  action  is  inhibited 
— tiie  life  action  is  slower  because  there  is  too  much  acid 
there.  There  are  many  proofs  of  that.  If  we  carefully 
remove  the  surplus  acid  as  it  forms,  the  bacterium  can  go 
on  working  a  much  longer  time  than  it  can  if  we  allow  i£e 
acid  to  aocumul»te,  and  I  think  in  those  cases  it  must  be 
admitted  that  the  acid  is  killing  the  bacteria,  or  bringing 
its  action  to  a  ckse. 

2754.  But  the  mere  formation  of  acid  might  leave  the 
bacterium,  on  which  we  are  relying  for  the  purification  of 
sewage,  stiU  capable  of  performing  its  work?k-If  the  acids 
do  not  accumulate  beyond  a  certain  point. 

2756.  The  produotion  of  the  acid  is  not  necessarily  whet 
I  might  call  a  death-pvbceto'  of  the  oi^anism  ? — Not  at  aJl ; 
the  pfodootioii  of  the  acid  might  be  distinctly  one  of  t^e 
acts  of  its  life. 

2756.  {Pfofeisar  Foifer.)  Is  it  not  a  very  common 
featare  of  the  adMH  of  these  bacteria  that  an  accumula- 
tion of  their  products,  whatever  they  are,  stops  their 
action  7 — Whether  acid  or  otherwise — ^yes. 

1213. 


2757.  (Sir  Bichard  Thome.)  Just  now  you  were  speak;   Mr.  B,  M 
iijg  of  particles  of  a  filter  beihjf  coated  with  organisms,  and|  p  »^*^*gc 
01  course,  this  coating  with  organisms  helps  in  the  bac-    '    JL.' 
terial    processes.     Have   you   any  opinion   at  all   as  i^,  *  Nqv^mw- 
whether  one  or  another  material  which  can  be  coated  in 

that  way  helps  in  the  process  or  retards  it?  Is  it  melfely 
a  mechanical  coating,  and  does  it  not  matter  what  tlhe 
material  is,  or  does  the  stateriai  itself  have  an  influence 
upon  the  ^ower  ol  the  oiganisias  to  deal  with  sewsgef— 
As  an  opuiion,  I  think  I  should  express  it.  as  fol&ws: 
That  if  the  material  on  which  the  coating  is  spread  is* 
creases  the  surface-4hat  is  to  say,  if  it  is  a  coarser  porousi 
material — ^I  should  expect  the  action  to  be  much  greater 
than  if  it  is  a  non*non>us  material  wil^  less  surface  ;  but 
if  the  substratum  has  any  other  importance  than  as  a  sup- 
port to  the  bacterium,  I  know  nothing  about  that,  and  it 
would  be  a  question  quite  outside  bacteriology. 

2758.  You  could  not  say,  then,  whether  pieces  of  pola- 
rite,  for  example,  are  any  better  than  pieces  of  granite  ? 
— I  do  not  know  what  polarite  is. 

2759.  We  have  had  different  schemes  of  sewage  dis- 
posal brought  before  us,  in  which  some  persons  rely  solely 
upon  the  action  of  anaerobic  organisms,  and  others  desire 
to  rely  solely  upon  the  aerobic — should  I  be  right  in  saying 
that  the  anaerobic  processes,  according  to  your  view,  give 
rise  to  putrefactive  changes,  and  that  the  aerobic  processes 
give  rise  to  fermentative  changes  ? — ^That  is  not  quite  what 
I  mean  to  convey.  It  is  true  that  in  anaerobic  processes 
there  are  often  malodorous  gases,  and  some  attemT)t  has 
been  made  to  draw  an  artificial  line  between  fermentations 
where  malodorous  gases  were  produced  and  fermentations 
where  none  sucih  were  produced  ;  but  no  such  line  can 
be  drawn. 

2760.  Then  you  have  no  knowledge  at  all  as  to  whether 
an  effluent  would  be  likely  to  be  woase  from  a  simple 
anaerobic  process  as  compared  with  a  simple  aerobic  pw)- 
cess  ? — Not  without  examination  as  to  what  was  going  on. 

2761.  You  were  good  enough  to  give  us  an  account  of 
some  of  the  constituents  of  sewage  in  the  early  part  of  your 
evidence  in  chief.  Could  you  tell  us  what  constituents  are 
most  difficult  of  being  broken  down  into  those  more 
simple  compounds  that  fit  them  as  food  for  vegetables  ? — 
No.  You  see' the  cbnditions  in  which  the  nitrogenous  mate- 
rials exist  are  so  vaguely  put.  One  hears  of  albuminoids, 
and  of  other  nitrogenous  bodies,  but  I  believe  I  am  right 
in  saying  that  there  is  no  satisfactory  definition  of  what  ia 
meant  by  those  bodies,  and  how  difficult  a  body  is — ^how 
resistant  it  is  to  fermentation — ^is  matter  of  experiment^ 
and  we  must  learn  what  the  body  is. 

2762.  And  you  have  no  experience,  I  think,  as  to  any 
actual  results  as  regards  sewage? — No. 

2763.  I  want  once  more  to  ask  you  about  the  influence 
of  green  mossy  growths  in  relation  to  effluents.  If  you  were 
to  see,  as  some  of  ua  have  seen,  that  in  a  certain  process 
of  sewage  disposal  a  white  glazed  channel  through  which 
the  effluent  is  flowing  ia  coated  for  many  yards  thickly 
with  an  ordinary  moss,  should  you  be  inclined  to  form  any 
indfi:ment  as  to  the  character  of  the  effluent  from  that? — 
if  it  were  really  a  muss  I  should  expect  the  effluent  to  be 
very  pure— that  is  to  say,  that  of  organic  material  it  con- 
tained very  little. 

2764.  (Professor  Foster.)  Can  you  conceive  of  the  con- 
dition of  an  effluent  in  which  there  should  be  material  in 
such  a  condition  as  to  allow  of  plenty  of  free  oxygen  in 
the  water,  and  yet  of  certain  substances  which  might  serve 
for  the  nutrition  of  the  plant  directly.  We  have  evidence, 
have  we  not,  that  plants  can  absorb  what  used  to  be 
spoken  of  as  humus  ?— That  they  can  absorb  it  directly. 

2765.  Yes.     You  think  not  ?— I  think  not. 

2766.  Or  that  they  can  live  upon  it,  say? — They  can 
live  upon  it. 

2767.  Well,  that  is  what  I  mean  really?— But  the  con- 
ditions are  very  remarkable. 

2768.  But  is  it  quite  impossible  that  an  effluent  should 
contain  a  certain  quantity  of  organic  matter  which  might 
be  used  very  rapidly  by  the  plant  as  food  ?— It  is  quite 
possible. 

2769.  And  yet  that  material  would  not  be  in  such  a  con- 
diition  as  to  be  continually  taking  oxygen  from  the  water, 
and  therefore  to  leave  an  inadequate  quantity  of  free 
oxygen  in  the  water? — ^I  am  afraid  I  am  not  quite  clear  as 
to  t£e  question. 

2770.  Might  the  effluent  act  as  manure,  and  at  the 
same  time  c<»tain  sufficient  free  oxygen  for  the  oxygen 
needs  of  the  plant  ? — ^I  should  think  not. 

2771.  You  think  not?— If  there  is  much  of  the  sort  of 
material  we  mean  by  "manure"  in  the  water  that  is  sur- 
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Mr.  H.  jr.  roanding  the  plant,  then  I  should  expect  that  unless  it 
F  r's'' d'sc.  ^  ^^®  ®^  ^^^  ^^'y  lowest  blue-green  alg«  or  Buglena,  or 
'Z— '    *  one  or  two  other  very  low  forms,  the  conditions  were  very 
2  Nov.  1806.  i,^  for  the  plant. 

2772.  Bad  on  account  of  the  absence  of  free  oxygen  1 — 
On  aooount  of  the  absence  of  free  oxygen,  and  on  account 
of  tfie  presence  of  certain  poisonous  substances. 

2773.  (Sir  Biehard  Thome.)  But,  on  the  other  hand, 
(ihe  presence  of  a  considerable  amounjt  of  an  ordinary 
green  moss  would,  as  a  rough  test,  indicate  to  you  tlukt 
&e  effluent  w«s  of  a  certain  degree  of  purity  1— Yes,  under- 
standing that  it  is  moss. 

2774.  Quite  sol— The  nopular  word  "moss"  conveys 
many  ideas  to  people's  minds.  I  am  thin-ldng  of  a  moss— 
a  real  moss.  There  are  very  few  mosses  that  will  grow 
under  water  at  all. 

2775.  I  am  speaking  of  "  moss "  in  the  popular  sense ; 
but  in  the  oases  I  have  in  mind  the  moss  would  not  grow 
under  water,  because  the  effluent  is  only  passing  over  it 
for  twenty  minutes  or  half  an  hour  in  every  period  of  six 
or  seven  hours  ? — Yes. 

2776.  And  the  greater  part  of  the  moss  would  even  then 
be  above  the  level  of  the  effluent?— Yes,  the  effluent 
cannot  affect  it  more  than  by  ascending  slightly  by  capil- 
larity up  the  walls  to  its  root  hairs,  and  in  that  case 
it  is  not  in  contact  with  its  general  surface  at  all. 

2777.  (Professor  Foster.)  There  it  is  taking  its  oxygen 
directly  from  the  air?— It  is  taking  its  oxygen  directly 
from  the  air  in  that  case. 

2778.  And  then  the  effluent  might  be  a  gentle  manure  ? 
— Ceitoinly,  but  that  is  another  matter.  I  should  like 
that  to  be  quite  clear^that  if  we  are  talking  of  a  plant  of 
that  sort  it  is  only  on  condition  that  its  green  parts  are 
out  of  the  effluent  that  I  should  imagine  it  to  succeed  at 
all.  If  its  green  parts  are  in  the  effluent,  then  the  effluent 
cannot  be  very  impure. 

2779.  All  you  cou'.d  infer  from  the  case  suggested  by 
Sir  Biehard  Thome  is  that  the  effluent  is  not  bad  enough 
to  poison  the  plant?— That  it  is  not  bad  enough  to  poison 
the  plant. 

2780.  (Sir  Richard  Thome.)  You  would  not  go  further 
than  that  ? — ^I  would  not  go  further  than  that. 

2781.  (Chairman.)  1  understand,  then,  that  your 
opinion  is  that  where  there  is  symbiosis  the  aSrobic 
organism  may  entirely  envelop  with  its  sphere  of  in- 
fluence the  anaerobic  organism,  and  so  protedt  it  and 
keep  it  in  existence? — ^Yes. 

2782.  Can  the  anaerobic  organism  return  the  compli- 
ment, and  do  the  same  for  the  aerobic  organism? — ^No, 
because  if  it  really  is  an  ana&robic  organism  it  could  not 
withstand  the  oxygen. 

2783.  I  mean  where  there  is  no  oxygen,  could  an 
anaerobic  organism  surround  with  its  sphere  of  influence 


an  aerobic  organism,  and  keep  that  in  existence? — ^Is 
that  case  the  aerobic  organism  would  suffer  from  th» 
want  of  oxygen.  . 

2784.  Then  the  anaerobic  organism  could  not  do  for  the- 
aerobic  what  the  aerobic  can  do  for  the  anaerobic  ?— No,, 
the  conditions  could  not  be  reversed. 

2785.  (Professor  Foster.)  There  is  no  anaerobia 
organism  capable  of  witlistanding  free  ox}^gen  ? — Of  with- 
standing free  oxygen  as  far  as  I  know. 

2786.  (Chairman.)  And  I  understood  you  to  say  to 
Professor  Foster  that  aerobic  fermentation  would  be 
more  rapid  than  anaerobic? — I  should  think  aerobic  fer^ 
mentation  is  more  rapid,  but  I  know  of  no  experiments. 
It  rather  seems  to  me  a  suggestion  for  an  experimental  in- 
quiry. 

2787.  (Professor  Bamsay.)  Supposing  an  acid  is  pro- 
duced after  fermentation,  and  that  acid  accumulates  in  a. 
fermenting  liquor,  the  life  of  the  organism  is  inhibited^ 
to  some  extent — it  ceases  action  ? — ^Yes. 

2788.  Is  it  necessaiy  that  it  should  be  the  acid  that 
it  has  produced,  or  will  any  other  acid  produce  the 
same  effect.  I  will  give  you  a  specific  instance  to  make- 
the  thing  perfectly  plain.  When  we  ferment  sugar  we 
can  make  it  give  lactic  acid  under  certain  conditions,, 
but  the  lactic  acid  increases  to  a  certain  extent  the- 
organisms.  Supposing  we  were  putting  hydrochloric  or 
any  other  acid  in,  would  that  have  the  same  inhibitive 
effect? — ^Yes,  if  the  quantity  is  at  all  comparable,  I 
should  say  distinctly. 

2789.  I  mean  equivalent  quantities? — 

(Professor  Foster.)  WTiat  do  you  mean  by  equivalent, 
quantities,  because  the  organism  there  can  stand  a  large 
quantity  of  nitric  acid,  but  would  be  very  soon  killed 
by  a  very  small  quantity  of  hydrochloric? 

2790.  (Professor  liamsay.)  Equally  aerobic  in  both 
cases  i — I  cannot  put  it  into  numbers,  but  a  very  slight 
acid  would  be  likely  to  bring  it  to  a  stop.  In  the  lactir 
acid  fermentation  the  practice  is  to  put  in  some  lime  (it 
the  same  time,  and  so  keep  down  that  acid.  In  any 
specific  case  it  may  be  less  on  account  of  its  being  an 
acid  qua  acid  than  on  account  of  its  being  a  produd;  of 
its  own  activity,  which  over  and  over  again  we  find  in- 
habits the  action  'of  a  living  organism. 

(Professor  Foster.)  In  the  same  way  that  sugar 
which  in  many  respects  except  physically  is  an  inert  sub- 
stance, wiU  stop  sugar  producmg  ferment. 

2791.  (Dr.  Bussell.)  I  just  wish  to  ask  whether  yoor 
have  made  any  bacteriological  study  of  sewage  as  it 
exists? — "So  special  bacteriological  study  oi  sewage. 

2792.  Nor  have  you  followed  sewage  through  any  of 
those  processes  which  are  supposed  to  clarify  it  bacterio- 
logically? — No,  none  of  the  processes  of  dealing  with 
sierwage  have  I  examined  in  detail 


Du.  Germax  Sims  Woodhead  called ;  and  Examined. 


Dr.  G.  8.        2793.  (Chairman.)  You  are  Director  of  the  Research 
Woodhead.   Laboratories  of  the  Conjoint  Board  of  the  Royal  College 

of  Phvsicians   (Lend.)   and  Royal  College  of   Surgeons 

(Eng.)  ?— I  am. 

2794.  And  author  of  *'  Practical  Pathology,"  "  Patho- 
logical  Mycology,"  "Bacteria  and  their  Products,"  and 
other  worksj? — ^That  is  so. 

2795.  May  I  ask  if  you  have  studied  the  processes  in- 
volved in  the  disintegration  and  oxidation  of  sewage, 
and  have  had  any  experience  of  the  work  done  by 
bacteriological  filter  beds? — ^Yes,  I  have  had  some  ex- 
perience of  these  processes.  For  the  last  five  or  six 
years  I  have  taken  great  interest  in  the  question  of 
bacteriolysis,  and  recently,  or  within  the  last  two  or 
three  years,  I  have  had  op}>ortunities  of  examining  some- 
what  carefully  several  of  the  sewage  installations,  es- 
pecially those  erected  for  experimental  purposes  that 
have  been  constructed  in  various  parts  of  Uie  country. 

2796.  And  may  I  ask  what  data  you  collected  in  con- 
nection with  the  question? — ^Well,  I  think  the  most  im- 
portant data  are  those  collected  at  Exeter,  and  some 
facts  connected  with  the  Sutton  fiiters,  on  Mr.  Dibdin^s 
advice,  and  a  numbor  of  facts  connected  with  Mr.  Scott 
Moncreiff's  filters.  Those  who  have  charge  of  these 
filters  have  been  very  kind  in  allowing  me  to  examine 
from  time  to  time  the  sewage  before  and  during  the 
process  of  treatment — the  effluents  at  various  stages — 
and  I  have  a  number  of  facts  bearing  on  certain  points 
in  connection  with  these  filters. 


2797.  Could  you  tell  us  generally  what  part  bacteria  play 
in  carrying  on  the  work  ? — Well>  1  think  they  play  two  very 
important  parts  perfectly  distinct,  and  occurring  at  entirely 
different  stages  of  the  process  of  disintegration.  From 
all  that  I  have  seen — and  I  have  now  examined  a  number 
of  those  filters — six  or  eight — I  have  come  to  the  con- 
clusion that  there  are  two  distinct  processes.  Of  course, 
that  is  generally  accepted,  but  it  is  not  so  generally  ac- 
cepted that  these  must  be  kept  perfectly  separate. 
There  is  an  anaerobic  change  in  which  we  have  what 
corresponds  to,  what  are  usually  spoken  of,  as  putrefac- 
tive processes^  and  secondly  we  have  the  aerobic  changes, 
which  correspond,  of  course,  to  what  is  known  as  nitrifi- 
cation. In  connection  with  disintegration  of  the  crude 
sewage  material  and  nitrification  or  oxidation  of  the  pro- 
ducts we  have,  in  carrying  on  our  experiments,  taken 
two  products  as  indicating  the  changes  that  were  going 
on  in  the  various  filter  beds.  In  the  anaSrobic  filteis  we 
have  taken  the  amount  of  the  ammonia  formed,  and  the 
presence  of  certain  anaerobic  oiganisms  as  a  measure 
of  the  disintegrative  change  that  is  going  on,  and 
we  find  that  the  production  of  ammonia — of  counse,  there 
are  some  other  substances,  but  we  have  taken  this 
as  the  really  important  one,  along  with  the  amount  of  pep- 
tonisation  or  digestion,  by  which  the  solids  of  the  sewage 
are  thrown  into  solution — gives  an  indication  of  the 
work  that  is  being  done  in  an  anaerobic  bed.  In  the 
a&robic  bed  we  have  taken  the  nitrification — that  is, 
the  production  of  nitrates — as  the  index  of  what  is  there 
going  on.     We  have,  of  course,  always  examined  at  the 
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same  time  both  filter  and  the  effluent  for  aerobic 
organisms,  and  we  find  tliat  the  two  sets  of  conditions 
run  parallel  with  one  another  ;  if  jou  have  a  large 
number  of  anaerobic  organisms — given  a  sufficient 
quantity  of  sewage,  or  a  sufficiently  strong  sewage — you 
will  obtain  a  considerable  quantity  of  ammonia  ;  if,  on 
the  other  hand,  you  have  a  large  number  of  aerobic 
<»gani8ms,  that  is,  organisms  multiplying  rapidly^  and 
if  there  is  plenty  of  oxygen  present,  you  have  <i  con- 
siderable proportion  of  nitrates  formed.  But  wherever 
these  two  processes  are  too  mixed  up,  even  though  the 
organisms  can  live  to  a  certain  extent  side  by  side,  ii 
is  found  that  the  raite  at  which  the  individual  prociess 
proceeds  is  to  a  certain  extent  interfered  with.  Tou  have 
the  series  of  changes,  and  the  same  ultima/te  results,  but 
they  do  not  go  on  so  rapidly  as  when  you  can  keep  the 
two  sets  of  organisms  ahnost  distinct.  Of  course,  they 
can  never  be  kep^/,  so  far  as  we  can  see,  perfectly  dis- 
tinct, but  it  is  possible  to  obtain  a  high  degree  of  ana^ 
robic  change,  and  a  hisrh  degree  of  aerobic  change  by 
controlling  and  modifying  the  conditions  under  which  the 
sewage  is  broken  down. 

2798.  Then  you  draw  a  sharp  line  of  distinction  be- 
tween the  work  done  by  the  anaerobic  and  the  aerobic 
oigttnisms? — ^A  perfectly  sharp  line. 

2799.  And  you  consider  it  important  that  these  two  pro- 
cesses should  be  kept  as  separate  as  possible? — I  do. 

2800.  Speaking  generally,  how  do  the  anaerobic  or 
ganisms  act? — ^Tne  appear  to  do  a  great  deal  of  work 
by  the  use  of  a  small  amount  of  energy,  because  ihey 
break  up,  they  wrench  apart,  the  more  highly-organked 
products  of  life,  and  so  produce  unstable  substances  that 
are  readily  attacked,  especially  by  oxygen.  They  stir 
things  up,  as  it  were,  effect  a  revolution,  and  then,  whilst 
the  resulting  materials  are  in  an  unstable  or  nascent 
condition,  they  can  be  readily  acted  upon  by  oxygen.  I 
think  that  that  is  the  part  that  they  play  in  these  anae- 
robic beds.  One  or  two  molecules  of  oxygen  or  hydrogen, 
nitrogen,  or  carbon  are  snatched  from  a  large  and  com- 
plex molecular  group  and  this  group  is  left  in  a  very 
unstable  condition  or  in  the  form  of  a  number  of  re- 
arranged and  profoundly  altered  molecules,  many  of 
which  readily  undergo  oxidation.  There  'are  certain 
organisms,  especially  those  which  attack  cellulose,  that 
appear  to  act  almost  entirely  in  the  absence  of  free 
oxygen. 

2801.  And  how  do  the  aerobic  organiame  act? — ^Appa- 
rently in  aomewhat  the  same  way,  but  being  able  to  grow 
in  the  presence  of  oxygen,  the  conditions  for  oxidation 
are  more  favourable.  There  is  a  kind  of  nascent  condition 
set  up  amongst  the  breaking-down  substances,  the  oxygen 
atfaacks  the  gases  as  they  are  being  set  free  before  they 
hare  time  to  get  into  a  htable  form,  and  as  the  aerobic 
organisms  grow  readily  in  the  presence  of  oxygen,  and 
as  oxygen  is  necessary  for  the  oxidation  of  these  various 
substances  formed,  the  conditions  go  on  more  favourably 
— not  perhaps  entirely  because  of  the  action  of  the  micro- 
oi^nism,  but  because  the  micro-organism  is  able  to  grow 
in  the  presence  of  oxygen — that  is,  under  conditions  most 
favourable  for  the  oxidation  of  the  substances  set  free. 

2802.  Hare  you  any  eTidence  that  you  could  give  us 
in  support  of  these  statements  ? — ^I  have  certain  evidence 
which  I  might  bring  forward  just  now,  not  aU  the  result 
of  complete  experiments,  whilst  some  of  them,  of 
course,  have  been  published  before,  but  they  have  a 
yery  distinct  bearing  on  the  question.  If  you  will  allow 
me,  I  will  give  one  or  two  of  them.  I  will  first  take 
the  Claybury  filters,  which  were  erected  by  Mr.  Dibdin, 
or  under  his  supervision,  at  the  Claybuiy  Asylum.  I 
may  say  that  two  samples  of  raw  sewage  were  taken 
from  the  tanks.  Sir  Edward  Frankland  examined  these 
sewi^es  chemically,  and  I  examined  them  bacteriologi- 
cally.  ^  I  found  that  in  those  sewages  in  which  anaSrobic- 
organisms  were  most  numerous — that  is,  those  taken 
from  the  deeper  parte  of  the  filters,  because  in  these 
filters  one  finds  that  at  different  depths  there  are  very 
different  conditions — the  ammonia  was  always  much 
greater  in  quantity  ;  whilst,  taking  the  sewage  as  it 
ran  from  the  surface,  that  is,  where  afirobic  organisms 
were  present,  and  where  there  was,  of  course,  a  certain 
amount  of  oxygen,  there  were  nitrates  present.  It  was 
a  rough  e^riment,  but  it  was  a  very  conclusive  one, 
to  my  mind.  ' 

v«^'  ^u^^'^Va^  ^^'**!;->  ^«^*  ^  «*'  °^y  lord,  what 
kmd  ^filters  those  were  ?— This  was  one  of  Mr.  Dibdin's 
coke  breeze  filters.  »~*"o 

dh2S*k^SI!SL?^  •^^  downward*  ?-Fining  fiom 
ift^dawDWMde,  jtB.    1  have  the  analyseB  hew,  ^ 


also  a  series  of  experiments  ;  but  it  is  scarcely  necessary   j^Jj^-  ^ 
to  go  into  detail  concerning  them.     I  would  simply  say    ^oodhmd, 
that  from  the  notes  of  this  observation  there  is  no  doubt  2  Not.  1806. 

in  ray  mind  that  we  had  in  this  filter  anaerobic  organisms      

in  large  numbers,  aerobic  organisms  near  the  surface  in 
larger  numbers  than  anaerobic  organisms,  and  amongst 
both  of  these  organisms  which  had  a  very  ^eat  power  of 
peptonising  gelatine  and  also  a  power  of  settmg  free  marsh 
gas  from  sugar,  or  possibly  from  cellulose,  and  ammonia. 
£rom  nitrogenous'^  compounds.  These  are  the  principal 
facts  that  we  re-obtained  from  this  filter,  and  I  came  to 
the  conclusion  that  in  this  case  the  smell  that  was  some- 
times present,  was  due  Entirely  to  the  changes  that  were 
taking  place  in  the  deeper  portion — ^that  is,  the  portion 
which  was  in  the  lower  part  of  the  filter,  where  rapid 
anaerobic  changes  were  going  on.  The  next  series  of 
experiments  were  those  made  on  the  Exeter  filters,  in 
which  the  results  were  very  good.  In  these  I  wished 
to  determine  first  of  all  whether  any  nitrates  were 
formed,  and,  if  so,  in  what  proportion.  In  order  to 
determine  this  we  made  cultures,  without  attempting  to 
identify  the  individual  organisms,  first  a  series  of  aerobio 
cultures  and  then  a  series  of  anaerobic  cultures  from  the 
various  parts  of  the  septic  tank  and  from  the  filter 
beds.  We  separated  eight  groups  of  organisms,  and 
then  filtered  some  of  the  sewage  through  a  Pasteur-Oham- 
berland  filter,  so  that  it  was  absolutely  cerm-free ;  there 
was  nothing  left  in  it,  at  any  rate,  which  we  supposed 
would  give  rise  to  any  change  in  the  sewage— any 
change  in  the  sewage,  either  chemical  or  biological.  It 
remained  absolutely  germ-free.  It  was  first  distributed 
into  a  number  of  flasks  and  incubated  for  a  considerable 
period  in  a  warm  chamber;  then  we  inoculated  a  flask 
with  one  of  the  groups  of  organisms  separated  out, 
t&king  care,  of  course,  to  allow  nothing  to  get  in  from 
tho  air.  We  fotmd  that  any  flask  that  was  uninoculated 
remained  in  an  absolutely  stationary  condition — ^there 
was  no  chemical  change  at  all — ^but  in  those  flasks  that 
wero  inoculated  with  organisms,  eveiy  one  of  those  various 
groups,  or  almost  all  of  thent,  gave  rise  to  on  increase 
in  the  amoimt  of  nitrate,  accompanied  by  a  most  marked 
multiplication  of  the  aerobic  organisms.  In  the  case  of 
anaerobic  organisms  we  were  not  able  to  determine  that 
there  was  any  increase  in  nitrates  at  all — ^we  did  not 
expect  it,  we  expected  rather  a  process  of  reduction,  and 
therefore  we  were  not  very  careful  about  our  aniJyses 
-^but  certainly  there  appeared  to  be  little  or  no  nitrifica- 
tion. In  the  control  flasks-— of  which  we  kept  several — ^thero 
was  absolutely  no  change ;  the  original  figure  remained 
for  nitrogen  as  nitric  acid  0-661  throughout  the  whole^ 
period.  Then  we  examined  the  eight  flasks  inoculated 
with  different  groups  of  aerobic  organisms.  I  may  per- 
haps be  allowed  to  give  the  percentages  of  rise  of  nitit>' 
gen  as  nitric  acid.  In  the  first  group  it  was  114  per  cent, 
—that  is,  it  rose  from  0*661  to  1-417  of  nitrogen  as  nitric 
acid.     In  group  No.  2  it  was  109  per  cent.— that  is,  it 


that  was  the  highest  we  obtained,  the  risa  being  to  1-638 
We  now  come  to  a  group  (No.  6)  in  which  the  nitrates 
weredimimshed  m  quantity  to  0-3,  but  here  we  found  that 
there  was  an  excess  of  nitrites,  perhaps  due  to  reduction. 
For  the  estimation  of  the  nitrites  Dr.  Bideal  who  made 
the  estimation  for  us  used  simply  a  colour  test,  but,  taKmr 
the  standard  as  10,  we  found  that  there  was  an  excesliw 
quantity  of  nitrites  ;  so  without  attempting  to  give  any 

numenc^l  value  we  simply  caUed  it  "excesBive.*  Then 
m  the  ne*t  one  (Group  7)  there  was  only  a  slight  rise. 

a  shght  fa^  m  the  nifcritee,  eo  that  one  group  of  organisms 
brought  about  not  only  a  faU  in  the  Steites  hT^^l 
small  fall  m  the  nitntes.  Then,  taking  the  mixture  of 
«ww«  ?-®  onanisms  which  gave  rise  to  the  greatest 
nitrification,  it  was  found  that  a  group  of  these  three  gave 
onty  119  per  cent  mcrease-that'is,  1*449  against  O'&l ; 

LT«T\*^%u*"*^  •PP^'^  ^  ^  ^^nr  much  th; 
same ;  perhaps  there  was  a  sKght  fall.      Then,  mixW 

all  the  organisms  together,  the  whole  of  the  groups  that 
had  been  taken  from  the  sewage,  we  found  that  there 
WTM  stm  a  yeiy  oonaiderable  increase  in  the  amoimt  of 
nitrogen  as  nitric  acid-1-23  against  0-661,  or  SbTt  86  pS^ 
l^fl  ^ Jl^  ^^  remainmg  very  much  the  same.  That 
Z^l  rS  ^^'It*  ""^  experiments  made  in  order  to  deter- 
mme  whether  these  organisms  taken  from  a  filter  in 
!Iftl!?L?''®'  would  bring  about  any  increase  in  the  quantity 
1^^  P'4;««^^*^*^whether  nitrification  .^goi^ 
0^1  or  not  Since  these  observations  wer«  made  qiStea 
number  of  other  expeninente  have  been  carried  on^on  the 
flame  lines,  but  the  results  are  not  yet  complete  wnhid 
Y 
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Dr.  G,  S.    out.       So  much  for  the  Exeter  experiments.  I  have  here  A 

Woodhead,  ^QYiea  of  examinations  of  different  effluents  from  another 

«  Nov.  1808.  filter — ^an  experimental  filter  at  Ashtead,  worked  by  Mr. 

Scott-Moncreiff.  This  was  examined  in  order  to  determine 

if  possible  whether  there  was  any  great  increase  in  the 
nitrates  going  on  on  a  practical  scale.  We  had  already 
determined  that  the  ammonia  was  present  in  the  anae- 
robic tank  in  very  large  quantities.  I  have  some  statistics 
here,  whicli  I  may  mention  afterwards.  There  was 
always  a  fall  in  what  was  spoken  of,  whatever  it  may  be, 
as  albuminoid  ammonia,  not  a  very  satisfactory  term. 
StiU,  we  took  it  as  being  a  substance  commonly  estimated. 
We  found  that  in  the  effluent  from  the  anaerobic  tank 
there  was  always  a  considerable  quantity  of  ammonia, 
but  after  passing  it  over  a  series  of  aerobic  trays — ^filters — 
I  suppose  you  understand  the  construction  of  the  Scott- 
Moncreiff  filters — of  these  Tiarious  filters  in  fact  ? 

2805.  (Chairman.)  I  do  not  know  the  Scofct-Moncreiff 
particularly.  W^hat  is  there  special  aibout  it? — ^It  differs 
from  the  others  in  that  he  separates  his  layers  of  coke. 
Instead  of  having  a  single  layer  of  coke,  we  will  say  4ft. 
thick,  he  has  eight  layers  of  coke,  each  of  them  6in.  thick, 
with  an  air  space  between  each  of  them,  so  that  the 
sewage  in  coming  down  passes  through  a  layer  of  coke ; 
it  then  splashes  on  to  the  next  layer,  splashes  on  to 
another,  and  passes  through,  and  so  the  filter  is  divided 
really  into  six,  eight,  or  whatever  number  of  trays  may 
be  used. 

2806i  Then  does  he  let  his  solids  go  on  to  the  filter  ?— 
Solids  all  go  into  the  anaerobic  tank. 

2807.  Oh,  he  has  got  a  tank,  too  ?— Yes,  he  has  an  anafi- 
robic  tank.  There  are  one  or  two  points,  I  may  say,  thai 
we  have  found  in  connection  with  these  various  filters, 
that  mav  be  of  interest,  but  I  will  finish  with  these  figures 
first.  I  have  always  taken  the  chlorine  contents  as  being 
an  index  of  the  strength  of  the  sewage,  and  I  ^^^^  ^^* 
in  this  series  it  ranges  between  7-6  and  10-7  per  100,000. 
In  the  first  tray  the  free  ammonia,  on  the  first  occasion 
on  which  it  was  examine<l,  was  0-9  per  100,000.  The 
albuminoid  ammonia  was  0*5,  but  there  was  a  very  con- 
siderable quantity  of  nitrogen  as  nitric  acid— 2-55.  On 
two  other  occasions,  on  which  this  first  tray  was  examined 
the  ammonia  was  4*2  and  4  ;  of  albuminoid  ammonia 
there  was  0-0  and  0-75  ;  of  nitrates,  2-78  and  3*809. 

2808.  {Professor  Foster.)  Excuse  me,  you  say  in  ihe 
tray  ? — ^In  the  effluent  as  it  came  from  the  first  tray. 

2809.  At  the  bottom  of  the  filter  ?— Underneath  the 
tray.  W'e  simply  put  in  a  dish  and  collect  a  certain 
quantity  of  the  effluent.  The  effluent  from  the  second 
tray  contained  085  of  free  ammonia,  0'50  of  albuminoid 
ammonia,  and  3'209  of  nitrogen  as  nitric  acid.  The 
effluent  from  the  fourth  tray  contained  0*025  of  free  am- 
monia, 0110  of  albuminodd  ammonia,  and  4-77  of  nitrogen 
as  nitric  acid.  Of  course,  we  did  not  quite  expect  these 
figures  at  first,  we  thought  they  must  be  too  high,  as  it  i a 
often  held  that  it  is  almost  impossible  to  get  more  than 
five  or  six  parts  per  100,000  of  nitrogen  as  nitric  acid 
in  any  nitrification  process— any  ordinary  nitrification 
process.  We  were  somewhat  upset  at  these  figures,  and 
thong'ht  there  must  be  some  mistake.  We  tested  them, 
however,  by  various  methods,  and  allowing  for  errors  in 
these  various  methods,  we  came  to  the. conclusion  that 
they  were  substantially  accurate  figures.  In  the  fifth 
tray  we  found  0*03  of  free  ammonia,  0*076  of  albuminoid 
ammonia,  and  6*25  of  nitrogen  as  nitric  acid  In  the 
effluent  from  the  seventh  tray  on  another»date  the  figures 
were  0*03  of  free  ammonia,  6*09  of  albuminoid  ammonia, 
and  5*34  of  nitrogen  as  nitric  acid.  From  the  eighth  txay, 
that,  of  course,  beinsr  the  most  important,  the  one  that 
was  looked  upon  as  being  tlie 'final  effluent,  we  have  a 
series  of  analyses  of  five  different  samples.  The  chlorine 
contents  were  8'6,  8'9,  8'6,  107,  and  8'8 ;  free  ammonia, 
0*3,  02,  0*2,  0*2,  and  1*27 — ^there  is  a  considerable  rise 
on  this  occasion — and  0'04.  The  albuminoid  ammonia 
was  009,  0*135,  0110,  0090,  OlOO,  and  0100.  And 
then  the  nitrates,  6*34,  7*4,  7*57,  757— a  fortnight  later 
— 5*349,  and  6*254.  It  was  evident  that  a  very  con- 
siderable amount  of  oxidation,  nitrification,  was  goins;  on 
in  the  sewage  as  it  passed  through  these  trays  ;  in  fact, 
the  figures  here  are  very  much  higher  than  we  have  ob- 
tained in  any  other  samples  that  we  have  ever  taken, 
and  I  suppose  we  have  examined  some  himdred  samples 
altogether.  Further,  I  have  had  the  opportunity  of  ex- 
amining samples  of  sewage  and  effluent  from  Caterham, 
where  some  new  filter  beds  have  been  put  up  in  con- 
nection with  the  Government  barracks.  I  was  specially 
anxious  to  examine  these,  and  asked  Mr.  Moncreiff  for 
pennission     to     do    this     because     these     filters     at 


Ashtead  when  we  saw  them  had  been  running  for  some 
months,  and,  therefore,  ihej  had  got  into  what  was  called 
the  ripe  condition,  and  I  wanted,  if  possible,  to  foUow 
out   the  ripening   process,   and   to    see   whether  there 
was  any  foundation  for  the  statement  that  these  filters  act 
better  when  they  are  older  than  when  they  are  freshly 
started.  The  chlorine  content  here  was  very,  very  high,  is 
you  will  appreciate  when  I  say  that  it  runs  from  12  per 
100,000  to  20  per  100,000,  a  very  high  figure.     There  ia 
one  specimen  in  which  it  was  39*0  per  100,000.  Of  course, 
we   did  not  take  that  as   representing   the  amount   of 
organic  matter  in  the  sewage.     I  should  mention  that  I 
was  very  careful  to  get  the  amount  of  anaerobic  change 
that  was  going  on  first,  and  taking  the  formation  of  am- 
monia as  the  index,  we  found  that  in  the  sewage,  as  it 
came  from  the  drain,  along  which  it  had  run  for  a  very 
considerable  distance,  there  was  a  very  hirge  quantity  »>f 
ammonia     present— 18*8     parte     per     100,000.       This 
probably  was  mostly  derived  from  the  urea.     Of  course, 
in  barracks  the  whole  of  the  urine  from  a  large  number 
of  soldiers  came  in  the  sewage,  and  it  was  concluded  that 
the  large  quantity  of  ammonia  present  was  due  directly 
to  the  hydrolosis  of  the  urea,  that  it  was  probably  brought 
about  'by  the  ferment  actually  formed  by  the  organisms, 
and  that  it  took  place  almost  immediately.  Then,  however, 
we  found  on  taking  the  sewage  from  the  anaerobic  tank, 
that  is,  the  tank  containing  the  flinxd,  which  is  a  large  tank 
to  receive  the  sewage  in  the  first  instance,  and  allow  it  to 
rest  as  much  as  possible,  the  ammonia  had  risen,  and  I 
will  give  the  results  of  three  analyses — 43  per  100,000, 
41  per  100,000,  and  35  from  a  third  samfole  taken  on  a 
different  date,  so  that  here  we  had  evidently  a  very  good 
fanaerobic  change  goinpr  on,  if  we  are  right  in  assuming; 
that  the  ammonia  formatico  gives  us  any  indication  as 
to  the  activity  of  this  process.     In  another  sample  again 
we  found  40  parts  per  100,000.     That  is  an  average, 
taking  these   four  analyses,    of  almos:t  40   per  100,000. 
Then  in  one  sample,  in  fact  in  two  of  the  samples,  the 
albuminoid  ammonia  was  not  very  high,  that  is,  for  a 
sewage  ;    it   was    1*5    in   two    of    the    samples,     4    In 
another,  and  was  6-6  in  another.     That  is  in  material 
taken  from  the  anaerobic  tank,  or  from  the  sewer.     The 
nitrates  were  very  low.    That  was  to  be  expected  if  tliere 
was  anything  in  our  previous  experiments.     The  nitrates 
were    020,    0'20,    026,    and   0*27;   the  total  nitrogen 
(Kieldahl)  in  these  samples  was  47-6,  44-77,  33-6,  30-8, 
corresponding,  of  course,   to  the  very  high  ammonias. 
The  effluent  passing  over  the  bed  before  it  had  got  ripe 
at  all ;  in  fact,  one  might  almost  say  before  there  was  any 
change  affected  by  the  filter  except  the  mere  mechanical 
and  chemical  change  which  may  take  place  in  sewage  qa 
it  passes    through   an   ordinary   filter    and   is     aerated 
was    then    examined.      Here    it  was    found    that    the 
ammonia    had    fallen    only  to    17-20,   the    albuminoid 
ammonia     being     1-3     per     100,000.       We     have     no 
analyses    of  the  nitrates  in  this  sample,   nor    did    we 
estimate    the    total    nitrogen.      But    a    fortnight   later 
apother  sample  from  the  same  effluent,  that  is  after  tiie 
experimental  tray,  was  taken.     The  amount  of  chlorine 
was  rather  lower,  and,  therefore,  we  were  dealing  with  a 
souiewhat  weaker  sewage.     The  amount  of  free  ammonia 
was  8*5  ;  that  is,  the  whole  of  it  had  certainly  not  evapo- 
ratiod  in  passing  through  this  series  of  filtering  trays  ; 
the  albuminoid  ammonia  was  0'65,  but  the  nitrates  had 
risen  to  3*49  parts  per  100,000.    That  against  0*07,  006, 
020,  0*20  in  the  other  examinations.        Then  another 
sample  was  taken  from  a  perfectly  fresh  filter.      Here 
evaporation  was  going  on  to  such  an  extent  that  the 
chlorine  contents  were  very  much  higher,  39  per  100,000. 
Although  there  was  this  large  amount  of  chlorine  there 
were  only  3*3  parts  of  free  ammonia  per  100,000.    The 
nitrates  were  not  high  either,  and  in  a  series  of  other 
experiments  on  the  early  stages  of  the  process,  we  found 
exactly  the  same  throughout.    There  is  practically  no  in- 
crease in  the  nitrates  in  the  new  bed.     There  is,  however, 
always  an  increase  of  nitrates  in  a  bed  that  has  been  nm- 
ning  for  some  time.     Those  are  the  figures  in  connection 
with  the  Caterham  filters.  Li  addition  to  carrying  on  these 
experiments  we  have  been  separating  the  organisms  from 
the  sewage  and  from  the  effluent.     This  is  a  very  long 
piece  of  work,  and  although  we  have  not  yet  identified 
a  large  number  of  the  organisms,  and  until  we  do  that 
I  do  not  intend  to  carry  on  any  further  experiments  on 
tlieir  action  on  filtered  sewage      The  experiments  that 
we  have  carried  out  indicate  that  a  large  number  of  the 
organisms  found  in  sewage  exert  a  distinct  influence  in 
bringing  about  nitrification.     That  it  is  not  confined  ap- 
parently to  the  described  nitrifying  organisms  but  that 
any  organisms  which  grow  rapidly  and  break  up  sewage 
material  have  the  power  of  inducing  or  commencing,  aa 
it  were,  this  process  of  nitrification,  5  a  sufficient  quantity 
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of  oxygen  is  alway  present  is  evident.  I  think  those  are 
the  principal  points  that  come  out  of  the  experiments 
that  so  far  we  have  canied  on. 

2810.  (Chairman.)  Do  you  think  changes  take  place  in 
the  sewage  while  it  is  still  in  the  drain  ?— Yes ;  probably 
symbiotic  changes  ;  that  is  where  you  have  a  moving 
fluid.  Here  you  have  a  anixtui-e  of  organisms ;  yoa 
have  no  differentiation  into  different  groups,  and  it  is 
probable  that  the  urea  fermenting  organisms  especially 
are  present  in  large  numbers,  that  they  are  forming  their 
ferments,  which  act  upon  the  urea  almost  as  soon  as  it 
goes  into  the  drain,  indeed  it  is  my  opinion  vhat  a  large 
amount  of  ammonia  is  present  in  solution  in  the  liquid  in 
the  drain,  before  the  sewage  has  passed  through  any 
special  process  at  all. 

2811.  Then  whttt  would  you  consider  the  most  im« 
portant  index  of  the  activity  of  the  aerobic  bed  or  beds  V-^ 
The  formation  of  nitrates. 

2812.  Should  you  consider  that  the  two  processes, 
aerobic  and  anaerobic,  are  necessary  for  the  achievement 
of  the  best  results  1 — Yes,  certainly. 

2813.  Will  you  tell  us  about  the  sewage  purification 
works  that  you  have  visited  and  examined? — Well,  in 
addition  to  thjose  that  I  have  mentioned  I  have  seen 
those  at  West  Bromwich,  which  wers  not  particularly 
good  at  the  time.  I  have  seen  those  at  Towcester  and 
at  Ayleebury,  which  were  also  not  very  good,  especially 
as  they  were  not  being  worked  properly.  For  instance, 
at  the  Aylesbury  installation  which  was  carried  on  by  Mr. 
Scott-Moncreiff,  air  was  pumped  as  an  experiment  into 
what  was  practically  an  anaerobic  chamber,  and  the 
result  was,  of  course,  that  the  anaerobic  processes 
were  weakened  without  in  any  way  helping  aerobic 
processes.  Then  again,  at  Towcester  the  sewage  was  first 
passed  into  a  kind  of  cesspool  in  which  undoubtedly  an- 
aerobic changes  were  going  on.  Then  it  was  passed  into  a 
second  anaerobic  bed,  and,  perhaps,  here  the  anaerobic 
changes  were  carried  out  more  completely,  perhaps  even 
too  far.  Then  instead  of  having  some  aeration  or  some 
special  methiod  for  aeration,  it  was  put  into  a  stream  in 
which  water  containing  oxygen  was  coming,  and,  there- 
fore, there  was  a  certain  amount  of  purification.  But  I 
do  not  think  that  it  was  going  on  under  such  good  con- 
ditions as  if  some  measures  had  been  taken  to  allow  a 
certain  amount  of  aeration  before  it  was  throvm  into  the 
stream.  Then  I  have  had  the  opportunity  of  examining 
the  Sutton  filters,  thjit  is,  the  coke  <breeze  filters,  and  of 
seeing  the  effluents.  I  was  not  able,  at  the  time,  as  I 
was  very  busy,  to  take  samples,  but  Mr.  Chambers  Smith 
promised,  that  if  we  wished  to  continue  our  investiga- 
tions, a  series  of  samples  from  the  Sutton  filters  sho^d 
be  placed  at  our  disposal.  Then,  of  course,  there  are  the 
CSaybury  filters,  in  which  I  think  the  two  processes  were 
bcinc^  carried  on  side  by  side,  the  anaerobic  and  the 
aSrobic,  both  imperfectly,  or  in  an  unbalanced  condition, 
resulted  in  some  "sickening." 

2814.  May  I  ask  what  you  mean  by  "sickening"? — 
By  "sickening"? 

2815.  Yes^Well,  it  is  really,  I  believe,  a  disturbance 
of  the  relation  of  the  organisms  one  to  the  other,  espe- 
cially where  you  have  symbiosis.  Where  you  have  two 
sets  of  organisms  growing  side  by  side  they  settle  down, 
I  believe,  to  a  kind  of  equilibrium,  and  each  does  a  certain 
amount  of  work,  and  so  long  as  you  keep  the  conditions 
exactly  the  same,  supply  them  with  a  d^nite  quantity  of 
ruiriment,  and  with  a  definite  quantity  of  air,  tifiey 
will  go  on  doing  their  work  side  by  side,  that  is  to  say,  the 
active  splitting  up  by  the  anaerobic  organisms  and  the 
oxidation  by  the  aerobic  organisms,  but  as  soon  as 
yon  upset  these  conditions,  or  alter  them  even  reiy 
slightly,  then  the  organisms,  one  or  other,  or  both,  appear 
to  lose  a  certain  amount  of  their  power  of  doing  work, 
and  the  filter  is  then  said  to  "  sicken."  It  is  a  somewhat 
technical  term,  but  it  is  a  very  expressive  one,  and  really 
indicates  what  is  going  on.  For  instance,  I  may  meoation 
that  if  you  run  one  of  the  coke  breeze  filters,  one  of  ^e 
Barking  filters,  for  instance,  filling  it  during  a  certain 
tune,  allowing  it  to  stand  for  a  certcun  time,  and  emptying 
it  at  a  certain  rate,  there  will  come  a  period  when  you  wiU 
get  the  very  best  work  out  of  that  filter  that  it  is  capable 
of  doing.  If,  now,  instead  of  emptying  twice  a  day  you 
empty  three  or  four  times  a  day,  the  amount  of  organic 
matter  in  the  sewage  remaining  the  same  bulk  for  bulk, 
the  filter  immediately  refuses  to  do  its  work,  it  is  said 
to  .*'  sicken "  ;  the  anaSrqbic  changes^  of  course,  are 
interfered  with,  you  have  no  corresponding  or  counter- 
balancing advantage  by  an  immediate  increase  of  the 


aerobic  organisms,  with  the  result  that  the  filter  does  not  MJ^r9^^\ 
do  the  work  as  well  as  it  did  under  those  conditions  where  '♦^^^|^««- 
it  had  got  as  it  were  into  a  condition  of  stable  equilibrium.  2  Not.  1886. 

2816.  But  would  not  all  filters  "  sicken  "  in  the  course 
of  time  ? — ^In  the  course  of  time  ? 

2817.  Yes?— They  all  ought  to  improve;  they  should 
all  improve  in  time.  A  filter  once  started  if  it  is 
properly  worked  should  go  on  improving,  and  should  be 
able  to  deal  with>  a  larger  and  larger  quantity  of  sewage 
as  time  goes  on.  Of  course,  it  would  be  necessary  to 
make  allowances  for  any  mechanical  filling  of  the  filter 
with  sand  or  clay  or  mud  or  anything  of  that  kind,  but,  if 
proper  precautions  are  taken  to  keep  out  the  inorganic 
substances,  the  filter  should  go  on  working  indefinitely 
after  it  is  properly  "  balanced." 

2818.  What  would  you  say  were  the  special  advantages 
of  a  biological  filter  ? — ^Tlie  special  advantages  I  think  are 
that  it  may  be  made  to  work  automatically  ;  these  filters 
are  not  dependent  in  any  way  upon  attention,  that  is, 
if  they  are  properly  worked.  Then,  again,  it  is  possible 
to  get  rid  of  almost  the  whole  of  the  sludge,  that  is,  all 
the  organic  sludge  in  a  biological  filter  bed.  CSay,  sand, 
or  anytliing  of  that  kind  cannot  be  dealt  with  in  such  a 
bed.  That  must  be  intercepted  in  some  way,  but 
organic  matter  in  sewage  should,  in  a  properly  constructed 
filter  bed  or  a  biological  filter  bed,  be  got  rid  of  com- 
pletelr,  because  micro-organiems  have  the  power  of 
digoi'ting  practically  all  kinds  of  organic  matter  if  yoa 
can  only  get  the  right  organisms,  and  obtain  the  proper 
conditions  in  which  these  organisms  may  work. 

2819.  Would  you  tell  us  how  the  sludge  difficulty  is 
aff'ected? — ^By  the  organisms  digesting  and  getting  into 
solution  the  organic  sludge.  Even  the  cellulose  gives 
way.  It  is  converted  into  more  soluble  substance.  The 
various  insoluble  forms  are  gradually  acted  upon,  the  more 
soluble  forms  are  acted  upon  more  rapidly,  and  sugars, 
which  are  comparatively  easily  dealt  with  are  produced.  In 
addition  there  are,  in  sewage,  the  undigested  nitrogenous 
substances,  the  substances  from  meat  and  so  on  ;  but  these 
are  aU  digested  in  time,  in  fact,  some  of  them  very 
rapidly.  One  knows  that  in  the  processes  of  the  passage 
of  food  through  the  intestines  a  very  large  quantity  of 
it  is  broken  up.  Just  the  same  thing  takes  place  in  these 
tanks,  the  septic  tank  or  the  anaSrobic  chamber  whatever 
it  may  be  called.  Theeie  apparently  insoluble  substances 
are  rendered  soluble  by  the  action  of  the  different  micro- 
organisms, they  are  peptonised,  or  they  are  converted 
into  sugar,  or  they  are,  some  of  them,  broken  down  into 
various  gases  and  into  water,  and  similar  more  stable 
substances. 

2820.  Should  you  say  that  that  system  could  be  applied 
to  trade  refuse  as  well  as  sewage? — I  should  say  so  if 
they  can  arrange  to  have  their  acids  and  their  alkaliee 
fairly  equally  distribilted.  So  far  as  concerns  the  various 
forms  of  refuse  that  I  havi©  seen,  it  is  entirely  a  question 
of  neutralising  these  trade  effluents,  whether  from  brew- 
ing or  from  tanning,  or  from  alkali  works,  or  from,  say, 
the  pickling  liquids  from  galvanising  tanks.  .They 
almost  always  neutralise  one  another,  and  the  organic 
matter  is  treated  or  acted  upon  just  as  domestic  organio 
piatter  is  acted  upon,  so  that  if  you  can  get  the  acids  and 
the  alkalies  to  balance  equally  or  to  leave  a  riight  alkaline 
excess,  there  is  no  reason  that  trade  effluents  should  not 
be  treated  by  this  method,  and  I  believe  that  at  Yeovil 
they  have  overcome  many  of  their  difficulties  in  connec- 
tion with  their  treatment  of  trade  effluents. 

2821.  Can  you  tell  us  whether  further  purification  ia 
likely  to  take  place  after  the  filtrate  has  left  the  filter 
beds  ?— Yes,  I  think  that  undoubtedly  the  filtrate— the 
filtered  effluent— is  in  one  of  the  best  conditions  for 
further  purification  if  such  further  purification  is  neces- 
sary. If  you  throw  it  into  a  river,  especially  into  a 
well  oxygenated;  river,  the  process  of  oxidisation 
goes  on  until  practically  the  whole  of  the  material 
has  disappeared,  and  if  it  is  to  be  thrown  on  to  land 
you  have  the  whole  of  your  substances  in  solution.  You 
have  a  fair  proportion  of  nitrates,  which,  of  course,  will 
be  taken  up  very  rapidly,  and  you  have  practically 
nothing  that  cannot  be  taken  up  by  the  soil,  and 
nothing  to  clog  the  land,  so  that  one  of  the  great 
disadvantages  of  sewage  farming,  if  it  is  thought  necea- 
«ry  for  the  cAike  of  what  is  in  the  sewage  to  throw  it  on 
to  a  farm,  is  done  away  with  ;  there  is  nothing  to  dog  the 
ground;  everything  is  in  solution,  the  form /in  which 
plant  life  will  take  it  up  most  rapidly,  and,  therefore,  I 
should  consider  it  an  advantage  even  from  the  point  of 
view  of  sewage  farming  to  first  pass  sewage  through  one 
of  these  biological  beds,  and  certainly  if  the  sewage  ia 
ultimately  to  be  passed  into  the  riv^  or  into  the  sea. 
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j)r.  0, 8.  2822.  Have  you  much  experience  of  sewage  farms  ? — 
Woodhead.  Well,  I  have  not  very  much  experience  of  sewage  farms. 
2  KoT.  1898.  The  only  one  that  I  have  seen  very  much  of  is  Craigen- 

tinny,  near  Edinburgh,  one,  I  believe,  of  the  most  suo- 

cessful ;  perhaps  it  is,  therefore,  scarcely  a  fair  specimen 
to  take,  still  I  believe  that  some  of  the  sewage  farms  have 
been  fairly  successful.  I  have  also  seen  the  Berlin  farms, 
but  have  not  studied  them  carefully. 

2823.  {Sir  Richard  Thome.)  You  have  given  us  ex- 
perience in  the  main  of  the  ^eatment  of  sewage,  first 
anaerobic  and  then  aerobic.  Do  you  know  any 
anaerobic  process  which  in  itself  can  produce  an  effluent 
that  you  would  regard  as  satisfactory  ? — ^No. 

2824.  The  aerobic  must  follow? — ^The  a^rdbic  must 
follow.    That  is  as  far  as  my  experiences  goes. 

2825.  In  other  words  the  splitting  up,  as  one  might 
term  it,  of  the  organic  matter  in  the  septic  tank  would 

.  not  enable  the  organic  matter  to  be  dealt  with  in  a  flow- 
ing stream  in  such  a  way  as  not  to  do  mischief  ? — It  would 
depend  upon  the  size  of  the  stream. 

2826.  Yes,  but  speaking  quite  generally,  you  are  of 
opinion  that  the  aerobic  filters  should  accompany  the 
anaerobic  septic  tank  7 — Quite  so.  Excuse  me  a  minute, 
unless,  perhaps,  you  are  going  to  throw  it  on  to  land  or 
something  of  that  kind. 

2827.  That  would  be  aerobic  to  a  certain  extent? — 
That  would  be  aerobic  filtration,  yes. 

2828.  Have  you  any  experience  whatever  of  aerobic 
filtration  alone  ? — No,  none  at  all. 

2829.  You  have  heard  that  there  are  filters  I  suppose 
in  which  aerobic  action  is  relied  upon  alone? — ^Yes,  but 
I  do  not  think  it  is  ever  a  pure  aerobic  change. 

2830.  That  is  what  I  was  going  to  ask  you.  If  the 
effluent  be  good,  should  you  imply  that  there  must  be 
at  somie  sta£^  of  the  prdcess  the  working  of  the  anaerobic 
organisms  as  well  ? — ^Yes,  I  should  say  so  practically.  Of 
course,  one  can  imagine  conditions  under  which  the  afirobic 
disintegration  would  be  possible,  and  as  an  experiment 
one  knows  that  a  breaking  down  by  aerobic  organisms  only 
can  occur ;  I  think  it  is  not  only  possible,  but  probable. 

2831.  Well  now,  take  broad  irrigation  of  sewage. 
What  takes  place  there,  aerobic  or  anaerobic,  or  both 
actions? — ^Both,  decidedly. 

2832.  Both    actionfl,    decidedly? — Both    actions,    de- 
•  oidedly. 

2833.  The  aerobic  on  the  surface  of  the  soil? — ^The 
aerobic  on  the  surface  of  the  soil,  and  the  anaerobic 
deeper  down  in  the  soil. 

2834.  And  the  anaerobic  in  the  depth? — Yes. 

2835.  Now,  do  you  attach  any  importance  to  which  of 
these  processes  takes  precedence,  the  anaerobic  or  the 
aerobic? — ^Yes,  ordinarily. 

2836.  The  anaerobic  should  precede  ? — If  we  could  take 
a  sufficient  area  and  take  sufficient  time,  I  do  not  think 
it  would  matter  much  which  you  placed  first,  in  fact,  it 
is  quite  possible  that  the  aerobic  might  go  first,  but 
where  the  work  has  to  be  done  rapidly,  and  where  it  has 
to  be  done  in  a  limited  space,  I  think  the  anaerobic 
change  must  come  first,  but  must  be  stopped  at  a  certain 
stage. 

2837.  When  you  were  referring  to  Mr.  Dibdin's  filter 
you  spoke  of  aerobic  changes  taking  place  on  the  surface 
of  the  filter,  and  anaerobic  change  taking  place  in  the 
depth  ? — ^Taking  place  in  the  depth,  yes. 

2838.  Now  there  the  process  is  reversed? — ^Well,  I  do 
not  think  that  the  process  is  reversed  ;  :is  a  matter  of 
fact,  I  think  the  anaerobic  changes  take  place  low  down, 
and  do  not  take  place  above,  and  the  >  aerobic  changes 
go  on  near  the  surface  and  not  in  the  deeper  layers  of  the 
bed.  When  the  filter  is  full  it  is  practically  an  anaerobic 
filter  almost  to  the  very  surface,  and  it  is  only  the  quantity 
of  oxygen  that  is  in  the  pores  of  the  "  filter "  that  can  do 
anything,  and  here  it  is  rather  an  oxydation  of  the  pro- 
ducts abready  formed  by  the  organisms  while  the  filter  is 
at  rest ;  the  oxygen  is  used  up  very  rapidly  indeed. 

2839.  Your  contention  would  be  thalt  the  anaSiobic 
acfaon  took  place  when  the  filter  ww  full?— Yes. 

2840.  And  the  aSrobic  during  its  emptying? — ^Durinc 
kfl  emptying.  ^ 

2841.  Now,  you  haive  apoken  to  us  of  biological  filtera. 
Is  there  any  filter  that  is  not  biological?— .WeU,  there  are 
mechanical  filtens. 

2842.  What  do  you  mean  by  a  mechanical  filter?— 
Biroply  a  system  in  which  by  putting  obstacles  in  the  way 


of  particulate  matter  you  prevent  its  passing  along  with 
the  fluid.  Li  the  case  of  these  bacterial  beds  we  are  not 
dealing  with  matter  by  mere  mechanical  straining  out.  I 
think  the  term  "  filter "  is  a  bad  one  as  applied  to  these 
beds;  we  have  rather,  practically,  an  accumulation  of 
micro-organisms  into  a  small  space,  which  do  a  certain 
amount  of  work  on  the  material  that  is  kept  back  for  them 
by  the  mechanical  part  of  the  filter. 

2843.  Yes,  but  what  mechanical  filter  that  would  deserve 
the  name  of  a  filter  acts  in  any  other  way  ? — Well,  they 
are  numerous.  For  instance,  the  numerous  filters  on  the 
market  recommended  for  the  filtration  of  water;  of 
course,  many  of  these  do  not  deserve  the  name  of  filters, 
and  a  large  number  of  filters  are  nothing  but  mechanical 
filters,  and  though  they  keep  back  large  particles  they  let 
small  particles  through. 

2844.  You  are  erpeaking  of  water  filters  now  ? — ^Well,  of 
an/  filter. 

2845.  Are  they  sold  for  sewage  purposes  then? — ^No, 
though  the  water  is  sometimes  almost  sewage  when  it 
coi  les  from  them. 

2846.  Do  you  know  the  Ohorley  filter?— The  Chorley 
filter? 

2847.  Yes  ?— No,  I  do  not  know  it  at  all. 

2848.  {Major-General  Carey.)  The  tank  effluent  goes 
through  the  filter  continuously  in  about  25  minutes  ? — Yes, 
or  even  less. 

2849.  Would  you  consider  that  a  biological  filter  or  a 
mechanical  filter? — ^WeU,  I  ahould  want  to  examine  the 
sewage  before  it  went  in  and  after  it  came  out  before  I 
could  express  an  opinion. 

2850.  Does  the  rapidity  make  any  difference  whether  it 
is  a  biological  or  a  mechanical  filter? — Oh,  not  necessarily, 
because  if  you  put  the  sewage  through  in  small  enough 
quantities  and  have  a  large  number  of  organisms  on  your 
filtering  medium  you  may  pass  it  through  rapidly,  though 
in  small  quantities. 

2851.  I  mean  full  quantities? — I  should  say  it  is  more 
likely  to  be  a  mechanical  filter,  but  I  should  not  like  to 
say  without  examining  the  sewage  before  it  went  through 
and  after.  It  is  only  thus  that  one  can  tell ;  it  is  a  ques- 
tion for  direct  experiment. 

2852.  {Professor  Foster.)  In  these  installations  that  you 
have  visrted*  did  you  make  any  bacteriological  examina- 
tion of  the  final  effluent  ? — ^Yes,  always. 

2853.  Does  that  contain  many  organisms? — The  num- 
ber -v  aries  very  greatly.  It  depends  very  greatly  on  the 
speed  at  which  it  conies  from  the  filter,  that  is  whether 
you  take  it  at  the  beginning  or  at  the  end  of  the  flow, 
whether  there  is  a  rush,  a  flood  coming  from  the  filter,  or 
whether  the  water  is  simply  trickling  away.  In  a  hurge 
rush  or  flood  you  get  a  large  number  of  organisms  ;  wnen 
the  effluent  is  trickling  away  you  find  a  comparatively 
small  number  of  or]ganisms,  but  you  invariably  get  some. 

2854.  Are  they  different  species  of  different  kinds,  or 
chiefly  the  same  kind  ? — Oh,  different  species  ;  of  course, 
a  comparaitively  small  group.  For  instance,  at  Exeter 
we  separated,  I  think,  only  seven  or  eight  aerobic  forms 
from  the  effluent. 

2855.  That  is  from  the  effluent  of  the  filter  ?— Yes. 

2856.  The  filtrate,  as  it  is  sometimes  called? — The  fil- 
trate, yes. 

2857.  What  were  those  forms?— WeU,  as  I  have  said, 
I  have  not  attempted  yet  to  classify  most  of  tihe  forms, 
but  some  of  them  appear  to  belong  to  the  potato  bacillus 
group,  others  to  the  coli  group,  not  always  active  on 
aninals ;  some  of  the  commoner  water  organisms  are 
also  present,  which  appear  to  be  able  to  get  through  along 
wit),  the  sewage  ;  this  we  did  not  expect. 

2858.  You  did  nob  recognise  any  diartiinct  pathogenic 
organism  ? — None,  except  the  bacillus  coli. 

2859.  Then  have  you  examined  the  interior  of  any  of 
these  filteiB  ? — ^Yes ;  that  is,  we  have  taken  specimens 
from  various  depths. 

2860.  Have  you  determined  the  species  of  oisanisma 
there? — ^No,  vre  have  only  grouped  them  roughly  for 
experimental  purposes. 

2861.  And  you  find  that  in  the  filter  a  very  large  num- 
ber of  them  have  nitrifying  powers? — Yes,  they  have 
nitrifying  powers. 

2862.  You  have  determined  that  experimentally  ? ^Yes, 

especially  in  the  case  of  those  found  near  the  surface ; 
those  deeper  down  have  not  the  same  nitrifying  powers. 
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2863.  Are  they  different  forms? — Yes,  they  act  diffe- 
rently certainly  ;  some  of  them  peptonise  rapidly,  but 
do  nofc  luLi'ify. 

2864.  Are  they  bacilli  or  cocci? — ^Principally  bacilli, 
but  cocci  are  not  absent ;  the  Clostridium  forms  are  very 
numerous  in  the  anaerobic  beds. 

2865.  Then  you  h&ye  examined  the  bacteria  in  the 
septic  tank  at  Exeter,  have  you  ? — ^Yes. 

2866.  What  forms  did  you  find  there  7 — A  large  num- 
ber of  anAerobic  forma  and  a  certain  number  of  the 
aerobic  forms  that  were  found  in  the  sewage— practically 
ihe  sama. 

2867.  In  what  condition  were  the  aeroic  forms — ^vigor- 
ous?— ^Fairly  vigorous. 

2868.  Had  you  any  reason  to  believe  that  there  was 
any  huge  formaftion  of  spores  of  the  aerobic  forms ;  did 
you  mJke  any  observattions  ? — ^No,  we  made  no  obsenna- 
tioiis. 

2869.  To  show  u  tnere  would  be  spores  of  the  aerobic 
forms  there  ? — ^No  ;  of  course,  the  potaito  baccilus  would 
form  spores  anywhere ;  they  wouJid  form,  I  might  say, 
a]n.o8t  under  any  conditions  that  would  be  met  with  in 
these  filter  beds. 

2870.  Then^  speaking  of  nitrogenous  mad^teis,  the 
change  whdcih  takes  place  in  proper  treatment  of  sewage 
ia,  first,  the  bringing  of  the  nitrogenous  material  into  the 
condition  of  ammooia,  and  then  the  conversion  of  that 
ammonia  into  nitrates? — Yes,  I  think  so  from  my  ex- 
perience. 

2871.  And  do  you  think  that  the  whole  of  the  first 
series  of  chaiiffes  leading  to  ammonia  is  necessarily  anaero- 
bic?— ^Well,  I  hold  that  they  are  principally  anaerobic. 

2872.  But  surely  there  are  other  forms,  are  there  not — 
aerobic  forms  which  can  break  down  nitrogenous  matters 
into  ammonia? — Quite  so. 

2873<  Then  why  should  they  not  be  active  if  they  have 
the  oppoitunity? — If  they  had  the  opportunity  they 
n*ight  be  active,  but  if  you  are  breaking  down  nitrogenous 
matter  into  ammonia  it  would  probably  be  found  that  the 
process  would  go  further  if  there  were  plenty  of  oxygen 
present,  and  it  is  impossible  to  have  vigorous  aerobic 
organisms  without  the  presence  of  plenty  of  free  oxygen, 
and  if  you  get  as  far  as  ammonia,  and  especially  if  you 
get  tliis  gas  in  the  napcent  condition,  if  you  have  plenty 
of  oxygen  present  you  are  far  more  Kkely  to  get  nitrites 
or  nitrates  through  oxidation.  If  you  cut  off  the  oxygen, 
the  condition  under  which  anaerobic  organisms  can  form 
plentifully,  you  are  more  likely  to  have  the  process  stop- 
ping at  the  ammonia  formation  stage. 

2874.  Are  there  no  oiganiams  which  act  aerobicaUy, 
and  therefore  which  would  peiform  their  functions  pro- 
perly in  a  good  supply  of  air  and  oxygen? — Certainly 
there  are.  • 

2875.  Which  bring  down  nitrogenous  matters  to  the 
ammonia  stage  ? — ^Yes. 

2876.  And  to  the  ammonia  stage  only  ? — ^Quite  so. 

2877.  Then  why  should  they  not?— For  instance,  urea. 

2878.  That  is  one,  and  possibly  there  are  other  fer- 
ments acting  on  other  nitrogenous  matters  probably  pre- 
sent in  sewage  ? — ^Perhaps. 

2879.  Then  if  these  are  efficient,  why  should  not  the 
whole  treatment  of  sewage  be  aerobic — aerobic  as  far  as 
regards  the  change  to  ammonia,  and  aerobic  as  far  as 
regeunfe  the  subsequent  change  to  nitrates? — ^Because  most 
of  the  organisms  that  produce  ammonia  under  these  con- 
ditions require  special  substances  on.  which  to  act. 

2880.  And  these  special  substances  are  not  present  in 
sewage  ? — Are  not  always  present  in  sewage.  Of  oourse 
you  have  urea. 

2881.  Do  you  know  what  are  the  nitiK^enous  substances 
present  in  sewage  ? — ^I  do  not  know  certainly. 

2882.  Does  anybody  know? — I  do  not  thinik  so,  except 
as  regards  certain  products  of  digestion. 

2883.  Then  how  do  we  know  that  the  sttbstanoes  which 
are  food  for  the  aerobic  oiganisms  are  not  present  in 
seirage? — ^Well,  we  know  th^  there  are  no  nitrates,  for 
instance,  in  ordinary'  sewage,  and  very  few  nitrites,  and 
these  are  the  substisuices  with  which  experiments  have 
been  made. 

2884.  ^o,  but  I  am  speaking  of  oigjandsms  which,  act- 
ing aSrobically,  can  break  down  albuminoid  substances  or 
like  nitrogenous  matter  to  the  condition  of  ammonia ; 
there  are  such  organisms? — Certainly. 

2885.  Acting  aerobicaUy  ?— Yes. 
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2886.  Then  why  should  they  not  be  efficient  in  the   J^-^U^ 
treatment  of  sewage  ?— Oh,  I  do  not  say  they  are  not  effi-    *^<>*>^^^ 
cient ;  all  I  say  is,  we  have  no  evidence  that  they  are  or  2  Not.  isw. 
that  the  substances  they  require  are  present.     I  should 
not  like  to  say  anything  definite  without  having  tried  ex- 
periments with  the  separated  organisms,  and  knowing  the 
exact  nature  of  the  substances  tluit  are  in  the  sewage.    All 
I  can  say  is,  that  we  have  no  evidence  of  any  such  change 
in  experiments  carried  on  in  my  laboratory. 

2887.  Then  in  ordinary  domestic  sewage,  at  all  events, 
putting  aside  the  ammonia  which  oomes  from  the  urea, 
the  nijtrogenous  constituents  of  the  sewage  are  relatively 
small)  are  they  not? — Comparatively  small,  yes. 

2888.  The  greater  bulk  of  the  material  of  the  sewage 
which  has  to  be  changed  is  non-nitrogenous — cellulose  or 
the  like  ? — Yes,  non-nitrogenous. 

2889.  And  that  cellulose,  of  course,  is  not  converted 
into  ammonia;  it  is  converted  into  carbonic  di-oxide?-^ 
And  carburetted  hydrogen. 

2890-1.  That  takes  place  by  means  of  organisms  which 
act  aerobically  or  anaerobically  ? — Anaerobically,  pro- 
bably. 

2892.  Exclusively  anaerobically  ?— Well,  I  should  not 
like  to  say  exclusively,  but  aU  the  experience  I  have  is 
that  a  great  part  of  this  is  formed  during  the  anadrobio 
stage  of  the  breaking  down  process.  Of  course,  you  know 
at  Exeter  they  have  such  a  quantity  of  this  gas  that  it 
may  be  burnt  off  from  the  anaerobic  tank. 

2693.  You  have  no  knowledge  of  aerobic  organisms 
which  can  break  up  cellulose  and  like  material  ? — No. 

2894.  Nevertheless,  in  th^  system  which  was  described 
by  Colonel  Ducat,  there,  under  conditions  which  were 
obviously  aerobic,  he  states  most  distinctly  that  large 
masses  of  the  sewage,  obviously  cellulose  in  character,  or 
of  like  nature,  does  disappear  through  the  action  of  the 
filter  ?— Yes. 

2895.  And,  therefore,  we  may  presume,  must  have 
been  destroyed  by  aerobic  organisms  ? — ^Yes,  but  it  would 
not  be  in  the  form  of  marsh  gas  in  that  case,  I  tlunk  it 
is  very  probable,  as  I  said  before,  that  aerobic  organisms 
can  do  almost  anything. 

2896.  Then  it  is  probable  that  there  are  aSrobio 
organisms  which  can  dispose  of — let  me  use  a  general 
word — dispose  of  cellulose  and  allied  matters? — ^Well,  I 
should  say  it  is  possible,  distinctly. 

2807.  But  you  do  not  know  of  any? — I  do  not  know 
of  any  because  I  have  not  done  any  experiments  in  con- 
nection with  that.  All  the  cellulose  experipoents  I  have 
notes  of  so  far  are  anaerobic,  and  resulted  in  the  forma- 
tion of  marsh  gas. 

2898b  When  you  were  examining  the  septic  tank  at 
Exeter  for  bacteria — which  you  did,  I  think  ? — ^Yes. 

2899.  Did  you  come  upon  any  other  forms  of  life? 
—Oh,  yes,  there  were  a  number  of  amoebaform  bodies  in 
the  first  part  of  the  tank. 

2900-1.  What  do  you  mean  by  the  first  part  of  the  tank  1 
— Just  after  the  sewage  came  in.  Then  there  were  a 
number  of  flies  which  were  supposed  to  live  withool 
oxjgen.    We  had  our  doubts  on  that  point. 

2902.  Forms  apparently  amosbiform  ? — Yes,  quite  so. 

2903.  Living  apparently  without  oxygen,  because  there 
is  no  free  oxygen  in  that  tank,  is  there? — ^Well,  we 
should  have  said  there  was  no  free  oxygen,  but  having 
found  these  flies  and  these  amosbiform  organisms  in  the 
first  part  of  the  tank  we  came  to  the  conclusion  that 
some  must  be  carried  in  in  some  way  or  other. 

2904.  You  mean  you  found  those  just  where  the  fluid 
was  flowing  in  ? — ^In  the  first  part  of  the  tank. 

2906.  I  thought  Dr.  Bideal,  in  a  statement  which  was 
put  into  our  hands  by  Dr.  Cameron,  I  think,  described 
them  as  being  in  the  sediment  at  the  bottom  of  the  tank! 
— He  may  have  found  them  there.  Was  he  referring  to 
the  flies  ? 

2906-7.  No,  the  amoebiform  bodies?— Ah  I 

2908.  And  also  a  little  eels,  by  which  I  suppose  he 
meant  neiuatoid,  probably.  Did  you  see  any  nematoidsf 
— No,  I  did  not  s^e  any  at  all. 

2909.  Were  these  large  amoebsB  or  small  ? — Considerably 
larger  than  the  white  blood  oorpusole. 

2910.  Larger  than  the  white  blood  oorpnsde  9— Ye& 

2911.  And  active  ?— No,  not  very  active. 

2912.  They  were  alive  ? — ^They  were  alive  thera  is  no 
doubt. 
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nr.  o.  S.        2913.  And  moving  ? — ^And  moving. 
Wco^ead.       2Q^^   g^^  sluggish  ?— I  do  not  know  what  Dr.  Rideal 
2"yov.  1888.  may  iiaye  observed. 

2015.  Is  the  sewage  exposed  to  air  at  all  before  it  falls 
into  that  tank? — ^Well,  it  runs  into  a  kind  of  hole  or 
chamber. 

2916.  Into  the  grit  chamber  you  mean  1 — ^No,  a  kind  of 
trap  or  pool  before  it  comes  to  the  grit  chamber. 

2917.  Does  it  get  exposed  to  air  there  ? — ^No,  the  grit 
chamber  is  inside  the  tank,  and  is  formed  by  a  submerged 
partition.  There  is  a  kind  of  space  covered  in,  not 
covered  in  hermetically  like  the  other,  and  there,  of 
course,  air  gets  in. 

2918.  You  did  not  make  any  exact  observations  as  to 
whether  there  was  any  free  oxygen  in  the  fluid  of  the 
fleptic  tank  ? — No ;  the  only  reason  we  had  for  assuming 
that  there  must  be  some  oxygen  there  was  that  we  found 
these  things  living  ;  the  flies  which  were  living  on  the 
surface  of  the  fluid, ,  or,  rather,  on  the  scum,  were  abso- 
lutely colourless,  but  they  were  very  active,  as  we  were 
able  to  see  from  the  inspection  chamber. 

2919.  Was  that  gas  analysed  ?•— Yes. 

2920.  What  was  its  composition  ? — Dr.  Bideal  analysed 
it  very  carefully. 

2921.  Was  there  any  free  oxygen  in  it  ? — ^No,  I  do  not 
think  there  was  any.  I  believe  I  have  got  it  here — 
the  analysis  of  the  gas.  Of  course,  I  did  not  do  it  my- 
self, and  perhaps  it  would  be  better  to  ask  Dr.  Bideal,  but 
I  think  he  gives  it  in  print :  "  Two  analyses  of  the  gas 
obtained  (1)  from  the  slotted  pipe,  and  (2)  from  below 
the  surface  of  the  liquid  in  the  tank  are  given  below; 
the  second  sample  burnt  freely  and  neither  sample  con- 
tained any  oxygen  :  — 


Carbonic  acid     - 
Methane     -        -        - 
Hydrogen  -        - 
Nitrogen  (by  difference) 


Per  Cent. 
1. 


0*3 
20-3 
18-2 
61-2 


100-0 


ByVolume. 
2. 


0*6 
24*4 
36-4 
38'6 


100-0 


2922.  Did  you  break  up  any  of  the  filters,  or  get  into 
the  interior  of  the  filters  so  as  to  be  able  to  ascertain 
exactly  how  the  bacteria  were  placed  in  th'e  filter?  I 
mean  were  the  fragments  covered  at  all  by  any  visible  or 
appreciable  layer? — ^Welli  the  hanih  surface  of  the  ooke 
ma  gone.  We  dug  down  a  couple  of  feet  into  the  filters, 
in  fact  I  have  examined  a  great  number  of  filters  in  that 
way,  and  there  is  generally  a  kind  of  rounding  off  of  the 
harsh  surface,  and  sometimes,  but  rarely  when  the  filter 
is  working  well,  even  a  slimy  appearance  on  the  coke. 

2923.  Did  you  examine  that  slime  at  all  ? — ^Yes,  it  con- 
sists almost  entirely  of  micro-organisms. 

2924.  Of  bacteria  bacilli  and  cocci? — Particularly  of 
bacteria  and  bacilli. 

^  2925.  In  any  particular  condition,  in  zoogloea  condi- 
tion ;  anything  iDce  that  ? — Oh,  yes,  some  of  them  were 
covered  with  zoogloea  masses. 

2926.  A  zooglcea  mass  ? — ^Yes,  some  of  them. 

2927.  (Mr,  KiUick.)  1  understand  that  you  think  the 
most  favourable  conditions  for  the  purification  of  sewage 
is  where  the  sewage  is  acted  upon  both  by  anaerobic  and 
aerobic  organisms? — ^First  by  anaSrobic,  secondly  by 
afirobic,  yes. 

2928.  You  have  found  both  kinds  in  some  of  the  filters 
that  you  have  examined  ? — ^Yes. 

2929.  Have  those  filters  been  of  a  particular  construc- 
tion ? — ^I  have  found  them  of  different  kinds  in  every  filter 
that  I  have  examined.  I  have  examined  the  coke  breeze 
filters,  the  clay  filters — ^the  burnt  clay  filters.  I  have 
found  them  in  the  clinker  ash  filters,  at  Exeter ;  in  the 
Scott-Moncrieff  filters,  in  which  you  have  masses,  masses 
of  flint  in  the  first  portion  and  coke  in  the  second.  I  think 
those  are  the  various  forms  that  I  have  examined. 

2930.  Then  if  you  find  both  kinds  in  the  filiter  is  it  not 
poenble  that  filtraii&on  alone  is  sufficient  to  purify  ordinary 
•ewage  without  being  previously  trea4»d  either  in  a  pre- 
cipitation tank  or  in  a  septic  chamber?— I  certainly  think 
that  no  precipitation  is. necessary,  but  I  tiiink  there  is 
a  distinct  advantage  in  having  first  a  septic  chamber,  ov 


an  anaerobic  chamber,  whichever  form  it  takes-  There 
is  a  distinct  advantage  in  having  that  as  a  preliminaiy 
breaking-up  of  the  sewage,  as  it  were. 

2931.  You  are  aware  of  the  tests  that  Sir  Henry  Boscoe 
applies,  just  as  you  may  say  shorthand  noses  of  the 
eifluents  over  which  the  Mersey  and  IrweL  Board  have 
jurisdiction,  it  is  the  albuminoid  ammonia  test  and  the 
absorption  of  oxygen  from  permaD£fanate?-*Well,  the  ab- 
sorption of  oxygen,  1  think,  is  a  very  good*  test.  I  am 
not  so  sure  oi  vlie  aloumiiioid  ammoiua  test,  Mcause  I 
think  that  it  simply  indicates  the  presence  of  a  certain 
amount  of  organic  matter  in  a  somewhat  indefinite  or 
iji  known  form. 

2932.  The  absorption  of  oxygen  is  a  reliable  test  for 
general  purposes  ?--For  general  purposes,  yes,  very  reli- 
able. 

2933.  Taking  the  two  together  they  may  be  considered 
fairly  accurate? — Well,  in  the  case  of  sewage  I  should 
take  rather  the  amount  of  nitrates  present ;  I  should 
prefer  that  to  a  record  of  the  amount  of ,  albuminoid  am- 
monia present,  as  an  indication  of  the  changes  going  on 
in  sewage. 

2934.  (Colonel  HUrdinq.)  You  have  told  us  your  dis. 
tinct  opinion  that  it  is  advisable  to  use  a  septic  tank  in 
some  form  before  biological  filtration  ?— Yes. 

2935.  But-  I  think  you  have  not  had  much  experience 
of  the  cases  where  double  filtration  has  been  in  operation 
to  crude  sewage? — Yes,  I  have.  I  think  the  preliminary 
filter  in  most  of  these  cases  is  nothing  more  than  an 
anaerobic  chamber. 

2936.  In  that  case  you  think  that  it  acts  anaerobicaUy  ? 
— ^Yes. 

2937.  You  have  said,  I  think,  that  it  acted  ana^robically 
while  it  was  full  ? — ^Yes. 

2938.  Aerobically  while  it  was  empty? — Well,  it  is 
rather  that  there  is  an  oxidation  of  the  products  that  had 
been  formed  during  the  anaerobic  period;  it  is  not  so 
much,  I  believe,  that  it  is  a  true  aSrobic  process,  but  that 
you  have  an  oxidation  of  the  products  of  the  anaerobic 
organisms  formed  during  the  anaerobic  period. 

2939.  Then  I  take  it  that  you  do  not  deny  that  good 
results  can  be  brought  about  by  double  filtration,  but  that 
you  think  in  that  case  the  first  filter  is  acting  ana^robi- 
caBy? — AnaSrobically,  yes. 

2940.  But  surely  in  that  case  it  might  be  possible  to 
work  that  bed  continuously,  and  not  intermittently?— 
Certainly,  but  then  there  would  be  no  oxidation  of  the 
products  of  deoomposition  in  this  filter.  By  any  of 
those  processes  you  can  only  take  out  in  a  single 
filter  a  certain  proportion  of  the  organic  matter. 
If  you  can  take  out,  say,  60  per  cent,  of  that  mattei 
by  your  firsti  filter  you  may  take  out  60  per  cent, 
of  wliat  remains  by  means  of  a  second  process  of  filtra- 
tion, and  so  on  ;  you  may  go  on  until  you  get  practiadly 
pure  water,  and,  of  course,  in  this  case,  three  filters  must 
be  better  than  two. 

2941.  You  would  get  increasingly  good  results  ?— Yes, 
that  is,  you  take  out  a  percentage  of  the  organic  matter 
by  each  filtration. 

2942.  But  I  was  rather  anxious  to  get  at  this  point, 
whether  if  the  first  filter  is  to  be  considered,  as  working 
anaerobicaliy  it  would  not  be  possible,  in  your  opinion, 
to  work  it  continuously  instead  of  uiterraibtently  ?  One 
does  not  see  the  necessity  for  aeration  ?-^I  think  it  is  far 
better  to  work  it  continuously. 

2943.  Have  you  any  experience — have  you  ever  tried 
that  continuous  working  ?— That  is  the  way  the  Scott- 
Moncreiff  filter  is  working. 

2944.  But  the  ScotirMoncreiff  filter  follows  a  septic 
tank? — No,  the  Scott-Moncreiff  filter  has  an  anaeiobic 
tank  which,  like  the  septic  tank,  is  constructed  for  the 
purpose  of  getting  an  anaerobic  change,  and  it  is  kept 
full  constantly  for  that  very  purpose. 

2945.  Then  you  think  that  if  the  first  filter,  or  calling 
it  the  name  that  you  prefer — if  the  first  bed  were  workeci 
continuously  similar  lesults  would  be  obtained  from  it 
as  are  obtained  from  the  septic  tank  as  used  at  Exeter? — 
Yes.  In  fact,  the  Scott-MoDcredfi  filter,  taking  that  as  an 
example,  and  as  being  somewhat  different  from  the  septic 
tank  at  Exeter,  is  simply  a  filter  bed  GOOsMug  of  large 
flintSf  the  flints  being  put  there  for  the  purpose  of  forming 
a  large  surface,  on  which  the  anaerobic  organisms  may 
grow,  so  that  should  there  come  a  storm  of  rain,  or  a 
flood,  to  clear  out  the  tank  you  still  have  your  anadrobic 
organisms  left  to  take  on  the  work  when  the  next  batch 
of  sewage  is  presented  to  them.     The  septic  tank  aims  at 
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just  the  same  thing ;  that  is,  getting  a  continuous  anae- 
robic change.  The  only  thing  is  that  there,  if  the  tank 
is  washed  out,  there  are  fewer  organisms  left ;  there  is 
not  the  extensive  surface  to  which  they  may  attach  them- 
selves, and  on  which  they  may  grow,  so  that  to  a  certain 
extent  a  fresh  start  has  to  be  made. 

2946.  Does  there  not  appear  to  be  this  advantage  in 
double  filtration,  over  filtration  preceded  by  a  septic  tank, 
that  if  you  get  accumulations  in  that  first  stage  of  the 
process  you  are  able  to  digest  these  accumulations  by 
rest  ^Well,  really,  there  should  be  no  accumulations  in 
a  septic  tank,  or  in  an  anaerobic  tank,  because  there  is  a 
large  number  of  organisms  which  have  the  power,  as  £ 
saia,  of  bretUcing  up  nitrogenous  matters,  digesting  them, 
or  peptonising  them,  as.it  is  called,  just  as  we  do  in  our 
own  stom^^chs,  and  breaking  up  the  cellulose  and  othor 
parts  of  the  solid  material  if  it  is  left  lone  enough.  Settlin^r 
to  the  bottom  it  may  be  three  or  four  days,  or  a  week,  in 
being  thrown  into  a  solui^lon,  but  when  it  is  thrown  into 
solution  it  passes  over  and  is  treated  in  the  filter  beds. 

2947.  Mr.  Cameron,  however,  told  us  that  there  was  a 
certain  accumulation,  not  very  serious,  but  still  an  accu- 
mulation, in  his  septic  tank  to  the  extent  of  about  sixty- 
six  cubic  yards  per  annum  7 — Certainly. 

2948.  And  that  tank  is,  as  you  know,  not  a  large  one  ^ 
No. 

2049.  Now  that  is  not  possible  to  be  cleared  off  other 
wise  than  by  removal,  whereas  if  you  have  double  filtra- 
tion vou  can  in  the  case  of  accumulations  in  the  first  filter 
digest  th^n  by  letting  thai  filter  rest  ? — I  think  ^ou  will 
find  that  it  amounts  to  very  much  the  same  thing.  I 
believe  that  a  ereat  deal  of  the  accumulation  is  inorganic 
maltter,  the  suica  and  so  <hi,  on  the  plants — ^the  clay 
which,  of  course,  comes  down  in  a  state  of  very  fine 
suspension  and  similar  matter.  I  fancy  that  when  they 
come  to  analyse  the  material  at  the  bottom  of  the  septic 
tank  they  will  find  it  will  consist  very  largely  of  inoi^^anio 
matter,  silica,  etc.  There  is  a  certain  quantitjr  of  silioa  in 
vegetable  matter ;  that,  of  course,  cannot  be  digested,  but 
the  vegetable  matter  itself  will  be,  I  think. 

2950.  Now,  you  told  us  of  the  presence  of  large  num- 
bers of  micro-organisms  in  the  sewage  itself  ? — ^Yea 

295L  One  has  heard  of  the  presence  of  millions  in  a 
cabic  centimetre  ;  that  is  quite  po68i<ble ) — ^That  is  quite 
possible  ;  in  fact,  it  is  due  to  the  presence  of  these  orga- 
nisms that  the  process  of  breaking  down  is  going  on. 

2952.  Their  presence  is  a  sign  that  there  is  work  for 
them  to  do? — ^Yes. 

2963.  And  one  would  expect  to  find  in  an  effluent  a 
smaller  number  of  them,  because  there  is  less  food  and 
less  work  for  them  to  accomplish  ? — ^Yes. 

2954.  You  said  also  that  a  number  of  the  micro-or- 
ganisms  were  washed  out  of  the  filters  more  or  less  accord- 
ing to  the  rapidity  of  the  flow  ? — ^Yes. 

2955.  Now  we  have  to  deal  with  the  presence  of  these 
micro-organisms  in  the  effluent.  You  do  not  consider 
ih«ir  presence  there  as  an  objectionable  feature  in  an 
effluent,  do  you  ? — ^Well,  of  course,  it  depends  entirely  on 
the  nature  of  the  organisms,  and  also  on  the  number, 
and  on  the  amount  of  organic  matter  that  t  they  have  to 
deal  with. 

2956.  I  am  not  alluding,  of  course,  to  the  presence  of 
pstfaogoiic  organisms  at  Sll — ^No. 

2957.  I  am  speaking  simply  of  the  presence  of  those 
organisms  in  the  effluent  which  have  been  doing  useful 
work  in  the  filters? — ^Yes. 

2958.  NoW)  their  presence  in  the  effluent  would  be  a 
gtarantee  of  further  purification,  would  it  not? — I  should 
say  so,  certainly. 

2959.  And  therefore  you  would  not  consider  their  pre- 
sence in  the  effluent  as  objectionable  ?— It  depends  whether 
the  water  is  to  be  used  for  drinking  purposes  or  not. 

2960.  Was  not  going  to  be  used  for  drinking  purposes  ? 
— ^Not  for  drinking  purposes  ;  then  their*  presence  would 
not  be  at  all  objectionable.  It  would  be  an  advantage, 
because  they  would  carry  on  the  process  of  purification, 
and  in  connection  with  that  one  finds  that  a  great  number 
of  the  organisms  that  are  found  in  the  effluent  disappear 
very  rapidly  as  soon  as  they  get  into  a  well-oxygenated 
river ;  indeed,  at  Exeter  we  found  that  the  effluent  in- 
jected under  the  skin  of  a  rabbit  might  cause  very  con- 
siderable swelliiu^,  or  might  even  cause  death ;  but 
taking  the  water  half  a  mile  down,  which,  of  course,  con- 
tains the  sewage  in  an  altered  form— taking  the  wwter  half 
a  mile  down  it  had  piaotioaUy  not  the  slighitest  effect  on 
the  rabbity  so  that  these  organisms  that  came  out  in  the 

1212. 


effluent,  though  not,  perhaps,  absolutely  harmless,  had    Dr,O.S. 
disappeared  half  a  mile  down  the  river.  WoMm4, 

2961.  (Chairman,)  Forgive  me  a  moment,  but  surely  at  2  Nov. 
Exeter  the  effluent  from  Mr.  Cameron's  tank  is  the  effluent 
of  only  a  very  small  part  of  the  town.  Is  it  not  the  case 
that  when  you  analyse  the  Exe  water  half  a  mile  below 
the  inflow  of  the  effluent  from  the  tank,  you  analyse  the 
river  water  after  it  has  received  practically  all  the  sewage 
of  Exeter  ? — ^Yes,  and  some  of  the  sewage  was  very  offen- 
sive looking  at  one  or  two  points. 

2962.  But  you  still  found  water  in  the  Exe  perfectly 
oarmlesB  to  rabbits? — Perfectly  harmless  to  rabbits,  and 
that  is  probably  the  most  severe  test  you  can  put  it  to. 

2963.  That  is  very  remarkable,  because  the  amount  of 
sewage  that  comes  from  the  town  quite  apart  from  th« 
.ank  must  be  very  large?— Well,  you  see,  a  large  part  of 
the  sewage  in  the  Exe  will  sediment  out ;  the  feeces  and 
so  on  are  broken  dowii,  and  some  of  the  matter 
sinks,  whilst  some  of  it  is  very  rapidly  transformed 
and  unless  you  happen  to  get  an  actual  particle 
in  the  water  I  do  not  suppose  we  should  have 
anythin{(  that  could  affect  animals ;  art  least,  that 
was  our  experience  I  have  a  note  of  these  experiments 
here.  You  know  the  points.  "  A  series  of  experiments 
made  with  a  view  to  determine  the  extend  to  which  the 
various  samples  of  effluent  when  alone  and  when  mixed 
with  the  river  retained  their  power  of  doing  mischief 
was  carried  out  for  me  for  this  inquiry  by  Dr.  Cartwright 
Wood  with  saonples  of  the  tank  effluent,  or  filtered  efflu^vt, 
of  water  taken  from  the  river  half-way  down  Belle  Me 
at  Eveleigh,  near  the  shore,  and  at  St.  James's  Salmon 
Pool  Weir.  Duplicate  sets  of  broth  tubes  were  inoculated 
with  samples  of  each  of  these  maiterials.  At  the  end  of 
forty-eight  hours  one  of  these  seit»  was  taken  from  the 
incubsibor  and  2  c.c.  from  each  sample  was  injected  sub- 
cutaneoufldy  into  a  rabbit  and  2  c.c.  into  a  guinea  pi^. 
That  there  was  no  sreat  amount  of  morbific  material  in 
the  water  is  proved  by  the  fact  that  in  not  one  single  in- 
stance was  there  any  indication  of  anything  more  thau 
would  be  set  up  by  the  injection  of  a  similar  quantity  of 
broth  ;  when,  nowever,  the  more  delicate  test  of  incv* 
baiting  for  a  much  longer  period  (11  dayB)»  and  then  inject- 
ing l£e  broth  (a)  into  a  vein  of  the  rabbit  (&)  into  Hm 
peritoneal  cavity  of  the  guinearpig,  it  was  found  that  bj 
two  samples  out  of  four,  i.e.,  the  tank  effluent  and  the 
water  taxen  from  Belle  Isle,  death  was  induced  in  both 
rabbits  and  gudnea-pigs,  and  when  oulftivatioos  were  made 
from  the  heart  blood  of  the  animals  that  succumbed,  or* 
ganiams  were  found  ;  in  the  experiments  with  filtered 
effluent  the  results  were  negative,  i.e.,  death  was  not 
caused  by  the  injected  material.  The  waiter  taken  from 
the  Salmon  Pool  Weir  also  contained  so  little  morbifio 
material  of  any  kind  that  even  with  this  severe  test  both 
animals  remained  alive  and  perfectly  welL"  I  may  say 
these  samples  were  taken  at  a  time  when  the  fluid  was 
running  very  slowly ;  we  did  that  purposely,  because  we 
did  not  wish  to  have  a  large  rush  of  organisms ;  we  wished 
to  take  it  simply  as  it  came  from  the  filter  and  under  the 
best  conditions. 

2964.  Still,  nobody  would  dream  of  thinking  th«b 
that  water  was  fit  to  drink  half  a  mile  below  Exeter)— 
If  it  were  filtered  even  fairly  well,  it  might  be  used  as  fttt 
as  the  present  conditions  maintain,  and  no  pathogenetie 
organisms  are  passing  into  it. 

2966.  I  should  be  sorry  to  drink  it? — So  should  I,  but 
it  would  be  really  more  from  the  sentimental  point  of 
view  than  from  any  actual  harm  that  it  would  do  at 
present.  Having  seen  the  Exe  at  Exeter,  one  would  nob 
drink  the  water  at  Salmon  Pool  Weir,  and  as  a  matter  of 
principle,  I  should  object  to  the  use  of  water,  into  which 
ordinary  sewage  has  recently  been  discharged,  for  drinking 
purposes. 

2966.  (Colonel  Harding,)  The  object  of  sewage  treat- 
ment is  not,  of  course,  generally  to  produce  a  water  fit 
for  drinking? — Certainly  not. 

2967.  Though  in  some  cases  it  may  <be  necessary  to 
turn  sewage  ^uent  into  a  stream  which  in  some  cases 
lower  down  may  be  used  for  drinking  purposes  ?---Quite 
so. 

2968.  And  in  suchi  cases,  of  course,  a  higher  degree  of 
purification,  say,  by  triple  filtration,  would  probably  be 
necessary  ?---Quite  so. 

29^.  Now,  there  are  effluents  which  like  those  from 
chemical  precipitation  works  may  at  first  be  wfthout 
smell,  and  look  fairly  clear,  which  shortly  afterwards 
putrefy.  There  are  others,  as  I  believe  is  often  the 
case  with  these  very  biological  filters,  where  the  effluent 
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Jkr.o.s.     though  at   first   somewhat   turbid   or   at  least  cloudy, 
WoodJkM4.   puiilies  on  exposure  tx>  the  air  or  even  on  being  bottled 
2  Nov.  1898.  **P  ? — 'I'hat  is  the  case. 

2070.  And  becomes  perfectly  clear  later  on.  Now, 
can  you  suggest  to  us  any  bacteriological  investigation 
by  which  it  would  be  possible  to  deduct  in  regard  to  an 
effluent  its  future  possibilities  ?— Oh,  I  think  it  could  be 
dono  quite  easily  by  fermenting,  or  by  adding  different 
micro-organisms,  and  seeing  whether  you  had  ammonia, 
marsh  gas,  or  similar  substances  forming.  Whierever 
you  have  these  formed  in  large  quantities  you  will  have 
putrefaction  at  a  later  period.  That  is,  you  will  have 
an  offensive  sewage. 

ik071.  Then,  do  I  understand  that  you  would  fix  thif 
test  by  adding  organisms  to  the  effluent  which  were  not 
in  it  already  ? — That  might  be  done.     But  by  simply  put- 
ing  the  sewage  into  an  incubator,  and  keeping  it  at  the 
temperature  of  the  body  for  a  certain  length  of  time  you 
can  tell  whether  the  putrefactive  process,  that  is,  the 
coarse  disintegration  changes  have  taken  place,  simply 
by    smdlling    the    sewage;    if  *here  is  no  smell  at  the 
end    of    forty-eight  hours    or    even   a    shorter    period, 
you  would  say  at  once  that  that  sewage  had  probably 
undergone  the  first  decomposition,  and  all  that  is  neces- 
sary now  is  to  get  oxidation  completed,  that  is,  it  will 
not  again  be  offensive.     It  depends  to  a  great  extent  iipou 
the  amount  of  carbon,  and,  to  a  certain  extent  on  the 
amount  of  sulphur  present,  and  to  a  certain  extent  also 
on  the  amount  of  ammonia  that  is  formed.     If  you  can 
get  offensive  gases  at  a  high  temperature,  that  is,  at  the 
temperature  of  the  body,  then  you  know  that  the  putre- 
factive changes  as  they  are  called,  the  coarse  fermentation 
changes,  are  not  yet  complete,  and  they  may  occur  later ; 
if  you  supply  plenty  of  oxygen  you  may  never  smell 
anythmg ;  that  is,  there  may  be  no  ordinary  putrefaction 
going  on.     If,  however,  the  conditions  are  unfavourable 
you  may  have  a  return  to  the  putrefactive  condition  at 
any  period,  that  is  if  a  certain  amount  of  the  putrescibie 
substances  are  left  in. 

.2972.  You  then  consider  an  incubator  test  of  greater 
v^lue  for  such  a  purpose  than  chemical  analyses  ?— Ae  a 
ready  method  of  much  greater  value. 

2973.  Have  you  formed  any  opinaon  in  regard  to  the 
value  of  notmg  the  presence  of  some  of  the  higher  vege- 
t^le^formfl,  such  as  a]g»?— What  they  caU  the  sewage 

2974.  Yes,  that  would  be  one  of  them  ? — ^Yes. 

2975.  Have  you  formed  any  opinion  ae  to  the  value  of 
oxidatwHis  of  that  kind  in  regard  to  sewage  fungus,  or  in 
TM^ard  to  green  growth?— WeU,  I  have  no  systematic 
observatMMis.  Of  course,  we  have  a  number  of  records, 
but  .1  have  no  systematic  observations  of  my  own  on  the 
subject 

2976.  (Dr.  Bussell)  In  those  Claybury  filters  I  think 
you  said  that  the  effluent  from  the  anaerobic  portion  had  a 
smell  ?— Yes,  a  alight  smelL 

2977.  Did  you  detect  any  smell  in  connection  with  the 
anaerobic  septic  tank  at  Exefcer?-- There  is  always  a  sW^h  r. 
ameU  ;  it  is  simply  a  question  of  degree.  I  mean,  there 
are  changes  going  on  which  must  necessarily,  if  the 
changes  are  going  on  properly,  lead  to  the  production  of 
a  ceitain  amount  of  smell.  The  thing  is  to  get  rid  of  the 
gases  in  some  form  in  which  they  will  not  be  offensive,  or 
destroy  them  altogether. 

2978.  In  eMer  case,  of  couree,  you  natuiaHy  would 
smell  samples  as  a  part  of  your  examination,  but  m  either 
case  was  there  anything  amounting  to  the  likelihood  of  a 
pu'blic  nuisance  ?— No,  I  do  not  think  so  in  either  of  them. 

2979.  In  those  interesting  experiments  made  with  germ- 
free  sewage,  of  course,  the  fiJitrate  of  a  Pasteui^Ohamber- 
land  filter  ceases  to  be  sewage  in  the  practical  sense  in 
which  sewage  is  before  us  ?— Of  course,  it  contains  only  the 
matters  in  solution ;  every  solid  particle  is  kept  back,  but 
you  can  get  a  very  large  quantity  of  matter  into  solution, 
and,  therefore,  it  comes  through  the  filter.  .  It  contains  no 
particulate  matter  of  any  kind. 

2980.  But,  still,  you  think  it  is  sound  to  argue  from 
those  results  as  to  the  effect  of  those   bacteria  t—Oh 
certainly.  ' 

2981.  We  have  had  a  good  deal  of  reference  to-day  to 
^res  as  e^lanation  of  some  peouKaiities  in  connection 
wrbh  the  habits  of  these  bacteriological  filters,  but  can  you 
tedl  me  whether  all  the  bacteria  of  sewage,  as  ma*ber  of 
fact,  do  produce  spores?— No,  a  oonddemble  numiber  of 
«iem  dio  not.  Some  of  them  form  very  resistant  spores 
but  others  appear  to  be  killed  off  quite  easily.  ' 


2982.  But  some  of  them  do  not  form  spores  at  all? — 
No,  not  so  far  as  our  knowledge  goes,  they  are  killed 
at  a  temperature  which  spores  will  withstand. 

2983.  You  referred  to  a  method  of  dealing  with  trade 
refuse.  You  said,  on  the  principle  by  which  you  seemed 
to  use  these  various  sources  of  pollution  to  neutralise  eacH 
other  ? — ^Yes. 

2984.  And  I  think  you  said  they  had  overcome  the 
difficukiee  very  well  at  JTeovil?— So  I  believe. 

2985.  How  did  they  do  it? — ^Well,  so  far  as  I  can  leam 
— 1  only  saw  Mr.  Ajmytage,  the  surveyor,  and  I  was 
aflking  him  about  iir— by  carrying  on  their  system  essen- 
tially as  they  were  carrying  it  on  at  Exeter.  In  the  earlier 
experiments  it  seemed  thev  departed  somewhat  from  the 
plans  laid  down,  and  now  oy  having  a  larger  mixing  tank 
or  septic  tank,  so  that  there  was  a  larger  body  ot  fluid 
passed  through  the  filter,  they  have  got  better  results. 

2986.  There  was  no  such  measure  adopted  as  getting  the 
manufacturer  to  store  his  refuse,  and  put  it  in  in  a  regu- 
Jsfted  fashion? — ^I  could  not  say  tiiot  at  all,  because  I  have 
no  knowledge  of  the  exact  details. 

2967.  (Mr.  Cotton.)  There  is  only  one  question  I  have 
to  ask.  In  tvorks  on  the  Exeter  ^rstem,  if  the  effluent  is 
to  go  into  a  stream,  a  smaU,  not  a  very  large  stream,  should 
it  not  be  treated  over  again  by  further  filtration,  or  be 
treated  on  land? — Well,  of  course,  it  depends  on  the 
strength  of  the  sewage  originally. 

2988.  I  am  talking  of  a  stream  that  will  probably  be 
used  for  a  water  supply  ? — Oh,  then  certainly  it  8hx>uld  not 
be  thrown  in.  I  do  not  think  that  any  sewage  can  be 
thrown  without  very  careful  treatment  into  any  stream 
from  which  the  water  is  to  be  drawn  for  drinlang  pur- 
poses ;  in  fact,  as  a  general  principle,  I  should  say  that 
wherever  water  is  to  be  taken  from  a  stream  within  a  cer- 
tain distance  no  sewage  should  be  put  in ;  it  should  be 
carried  down  below.  That  should  be  a  general  principle. 
One  may  get  perfect  purification  of  sewage,  and  it  may  be 
mixed  with  such  a  large  volume  of  water  that  it  may  be 
harmless.  Still,  there  may  come  a  time,  an  outbreak  of 
typhoid,  or  something  of  that  kind  may  occur,  or  some- 
thing may  go  wrong  with  the  filter  works,  and  I  should 
say  that,  as  a  general  principle,  wherever  water  is  to  be 
taken,  from  a  small  stream  especially,  that  sewage  should 
be  passed  tlirough  additional  filters,  or  through  land 
before  it  is  allowed  to  go  into  the  stream. 

2989.  {Chairman.)  I  do  not  know  whether  you  could 
give  an  answer  to  a  very  general  question,  but  do  you 
believe  that  the  filtrations  through  artificial  filters  can 
give  quite  as  good  results  as  filtration  over  land  ? — Well,  I 
should  say  better  results. 

2990.  Better  ? — ^I  should  say  better  results  up  to  a  cer> 
tain  point,  in  so  far  that  you  can  concentrate  the  process 
as  it  were,  and  induce  decomposition  and  nitrihcation, 
and  in  a  shorter  period ;  you  can  also  control  the 
changes  better  .than  you  can  in  land  filtration.  The 
amount  of  land  required  is  very  large,  it  requires  to 
be  of  a  special  character,  and  you  are,  as  it  were, 
to  a  certain  extent  dependent  upon  local  conditions, 
whereas  with  a  filter  you  can  put  down  a  definite  area, 
you  can  give  a  definite  depth,  you  can  keep  it  working 
under  special  and  well-controlled'  oonditions,  and,  there- 
fore, you  know  exactly  what  you  are  doing  ;  whereas  in 
the  case  of  sewage  farming  the  amount  of  rainfall,  the  kind 
of  crops  and  so  on,  vary  so  much  that  you  cannot  come  to 
any  one  set  of  conditions,  in  a  filter  you  can  either 
modify  as  required,  or  have,  as  it  were,  a  ^cast-iron  form, 
which  will  be  applicable  to  all  sewage  of  a  definite  char- 
acter and  composition. 

2991.  But  do  you  think  that  with  artificial  filtration 
it  is  possible  to  get  as  good  results  as  the  very  best  re- 
sults by  land  treatment  ? — ^Yes,  if  you  carry  it  far  enough, 
quite. 

2992.  If  you  cairy  it  far  enough  ?— Yes. 

2993.  I  suppose  you  w(^ldf  say  that  tiie  system  of 
Mr.  Scott-Moncreiff  goes  to  show  that  a  succession 
of  filters  improves  with  each,  filter— improves  the  filtrate  T 


2994.  And  as  regards  any  disease  gexms  getting 
through,  would  you  say  they  were  equally  likely  to  be 

destroyed  by  artificial  filtration  as  by  land  treatment  9 

I  should  say  quite  as  likely.  Of  course,  we  know  that  tihe 
typhoid  germ,  ;for  instance,  may  live  in  sewage  sodden 
soil  for  a  considerable  length  of  time. 

2995.  Yes?-— It  does  not  grow  readily  in  water;  in 
fact,  I  think  it  is  open  to  question — a  colleague  of  mine. 
Dr.  Gartwright  Wood,  has  been  carrying  on  a  series  of 
exi:erimenti3  with  typhoid  bacUlus  on  this  point— it  » 
open  to  question  whether  the  typhoid  bacillus  multiplies 
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in  water  at  alL  It  may  remain  alire  in  it  for  some  time, 
but  not  for  any  very  long  period.  It  is  stated  that  it  can 
remain  alive  in  soil  Well,  the  evidence  on  this  point  is 
a  little  conflicting  at  present,  but  there  is  no  doubt  that 
if  yon  put  broth  on  soO,  that  is,  obtain  an  artificial  condi- 
tion, that  the  l^phoid  bacillus  will  remain  alive  for  a 
considerable  period.  Whether  it  remains  alive  for  any- 
thing like  the  same  period  in  sewage-soaked  soil,  of 
course,  ha»  to  be  proved.    I  doubt  this.    It  is  probable, 


however,  that  it  does  remain  alive  much  longer  than  it    Dr.  G.  s. 
does  in  water.     Then  in  middens  and  privies  the  typhoid    i^oodh$ad. 
bacillus  has  been  proved  to  live  for  a  very  consider-  2  Nov.  ims. 
able  period,  but   the   conditions  for  multiplication  in 
a  filter  are  rather  against  the  typhoid  bacillus  than  in  its 
tavuur,  so  that  one  would  expect  that  pathogenic  germs 
generally  would  be  killed  out  more  rapidly  in  a  filter 
than  in  soil.    St^,  that  is  a  matter  on  which  I  should 
not  like  to  speak  very  definitely  at  present. 
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Professor  Michael  Foster,  f.r.8. 
Prof essor  William  Kamsay  f.r.s. 
Mfigor-Gen.  Constantine  Phipps  Carey. 


Dr.  JAJfEs  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 

Mr.  F.  J.  Willis,  Secretary. 


Sir  Edward  Franeland,  KC.B.,  called  in;   and  Examined. 


2996.  {Cltairman.)  I  think,  Sir  Edward,  you  were  a 
member  of  the  Royal  Commission  appointed  in  1868  to 
inquire  into  the  best  means  of  preventing  the  pollution 
of  rivers? — ^I  was. 

2997.  Did  the  Commission  visit  much?— -Yea,  we 
visited  all  the  chief  manufacturing  towns  in  Great 
Britain,  and  took  samples  of  the  discharges  frwn  fao- 
tones,  and  especially  the  sewage  disdiarges  from  different 
Urge  towns,  such  as  Manchester  and  Liverpool.  We  adso 
«xamiiied  a  great  number  Of  effluents  from  aevrage  farms, 
and  other  proceeses  by  which  the  sewage  was  more  or  leas 
purified. 

29961  Did  the  Commission  come  to  any  general  conclu- 
gionsl— Yes.  I  may  say  that  one  of  their  general  con- 
dusiosB  was  that  the  great  source  of  pollution  of  rivers 
was  sewage  proper  as  distinguiahed  feom  manufacturmg 
refuse. 

2999.  And  did  they  form  any  opinion  as  to  the  com- 
ponents of  the  polluting  matter?— les;  th^  found  that 
the  polluting  matter  of  town  sewage  and  of  imperfectiy 
purified  effluents  was  putrescible  organic  matter  which, 
when  difioharged  into  streams  of  insufficient  volume,  caused 
these  streams  to  become  highly  offensive,  owing  to  the 
organic  matter  entering  into  putrefaction. 

dOOO.  Did  you  come  to  any  general  conclusion  as  to 
the  proportions  of  liquid  and  solid  polluting  matters- 
Yes;  w^  went  very  thoroughly  into  that  matter  and 
found,  somewhat  to  our  surprise,  that  what  appears  to  be 
most  offensive  to  the  eye  in  sewage  was  not  reaUy  the 
chief  polluting  matter.  What  appears  to  the  eye 
to  be  the  polluting  matter  is  the  substance  in  suspenr 
■ion;  but  it  is  the  organic  matter  in  solution  whidi 
chiefly  contributes  to  the  pollution  of  rivers.  There  is 
about  one-seventh  part  of  polluting  matter  in  sewage  m 
BUSpeAion,  and  the  remaining  six-sevenths  are  m  solu- 
tioik  so  that  all  remedies  omgh*  to  be  directed  against 
the  matter  in  solution  rather  than  the  matter  in  sus- 
peiidxm.  Mowover,  the  matters  in  suspension  are  com- 
uund^vdy  easily  got  rid  of  by  filtration  and  otherwise ; 
b^  the  matters  in  solution  are  more  difficult  to  remove. 

30CXL  Did  you  consider  the  question  of  defining  in  any 
way  what  a  polteting  Uquld  wa8?-Yes;  we  came  to  the 
conclusion  that  it  was  at  all  events  very  desirable,  if 
aot  impenrtdTe,  that  there  should  be  some  suqh  defim- 
tioQ.  because  thero  is  really  no  definite  line  of  demarca- 
tion.  between  more  or  less  pure  spring  water  on  the  one 
hand  and  the  filthiest  sewage  on  the  other,  and,  there- 
fore, we  suggested  that  there  should  be  a  definition  of 
polluting  matter  so  as  to  form  an  arbitrary  line  of  demar- 
cation, at  all  events,  between  the  two  classes  of  liquids, 
what  would  be  considered  as  comparatively  pure,  and 
what  would  be  oonsidered  as  poUutuig  liquids,  and  we 
suggested  a  number  of  standards  whkh  have  been  since 
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more  or  less  acted  upon  in  determining  the  character  of      sirS 

effluents.  Frankldjxg, 

3002.  It  would  be  very  interesting  if  you  do  not  mind      ^'— 
telling  us    what  those  standards  were  ?— Yes.    I  have  ^*  ©w^sm. 
got  a  list  of  them  here.    These  are  standards,  I  should 
say,  which  define  polluting  liquids.     They  are  as  follow :  — 

(a)  Any  liquid  containing,  in  suspension,  more  than 
three  parts  by  weight  of  dry  mineral  matter,  or  one  part 
by  weight  of  dry  organic  matter  in  100,000  parts  by 
weight  of  the  liquid. 

(&)  Any  liquid  containing,  in  solution,  more  than  two 
parts  by  Weight  of  organic  carbon,  or  0*3  pari  by  weight 
of  organic  nitrogen  in  100,000  parts  by  weight. 

(c)  Any  liquid  which  shall  exhibit  by  daylight  a  dis- 
tinct colour  when  a  stratum  of  it  one  inch  deep  is  placed 
in  a  white  porcelain  or  earthenware  vesseL 

(d)  Any  Uquid  which  contains,  in  solution,  in  100,000 
parts  by  weight,  more  than  two  parts  by  weight  of  any 
metal  except  calcium,  magnesium,  potassium,  and 
sodium. 

(«)  Any  liquid  which,  in  100,000  parts  by  weight,  con- 
tains, whether  in  solution  or  suspension,  in  chemical 
combination  or  otherwise,  more  than  '05  part  by  weight 
of  metallic  arsenic. 

(/)  Any  liquid  which,  after  acidification  with  sulphuric 
acid,  contains,  in  100,000  parts  by  weighty  more  than 
one-part  by  weight  of  free  chlorine. 

(^)  Any  liquid  which  contains,  in  100,000  parts  by 
w^ht,  more  than  one  part  by  weight  of  sulphur,  in  the 
condition  either  of  sulphuretted  hydrogen  or  of  a  soluble 
sulphuret. 

(^)  Any  Hquid  possessing  an  acidity  greater  than  that 
^hich  is  produced  by  addii^  two  parts  by  weight  of  real 
muriatic  acid  to  1,000  parts  by  weight  of  distilled  water. 

(4  Any  liquid  poasesring  an  alkalinity  greater  than 
that  produced  by  adding  one-part  by  weight  of  dry 
caustic  soda  to  1,000  parts  by  weight  of  distilled  water. 

In  explanation  of  these  standards,  I  should  like  to  add 
that,  in  the  first  place,  they  represent  in  a  concentrated 
form  the  experience  of  the  Bivers  Pollution  Cbmmis- 
sioners  as  to  what  is  feasible  in  the  purification  of  such 
liquids  in  the  cases  of  diso}iarges  from  factories,  and  also 
what  is  attainable  and  easily  attainable  in  the  case  of  the 
sewage  of  towns.  They  Were  framed  with  a  very  careful 
regard  for  the  interests  of  the  manufacturer,  and  so  as 
not,  in  the  terms  of  the  Commission,  to  inflict  any  serious 
injury  upon  the  manufacturers.  In  fact,  the  Commis- 
si<Miers  kept  much  within  their  instructions,  and  believed 
that  the  adoption  of  no  one  of  these  standards  would  in- 
flict any  injury  at  all  upon  manufacturers.  They  had 
indeed  every  reason  to  conclude  that  their  adoption  would 
save  the  manufacturers  of  this  country  from  in^tMiy^g 
considerable  injury  upon  themselves ;  whilst,  by  preserv- 


178 


ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


9ir  B,  ing  the  whole  course  of  riven  in  a  companttively  clean 
k!cS.  •^^  usable  condition,  they  would  tend  powerfullv  to  the 
.1-1-*  extension  of  manufactures  upon  the  ibanka  of  these 
UDeciaos.  streams.  One  of  the  most  crying  evils  in  the  manufac- 
turing districts  is  the  want  of  clean  water.  It  was  at 
that  time,  and  I  have  no  doubt  it  is  now  stOl  more  so, 
and,  therefore,  every  successful  effort  to  make  dirty 
water  again  usable  is  a  direct  gain  to  the  manufac- 
turer. On  the  assumption,  therefore,  that  the  discharge 
of  strongly  polluting  water  is  to  be  forbidden  by  legisU- 
^  tive  enactment,  I  consider  these  standards  of  pollution  as 
real  friends  to  manufacturers,  telling  them  in  clear,  in- 
telligible, and  definite  terms  what  it  is  which  they  have 
to  avoid,  and  shielding  them,  as  the  Alkali  Act  has  so 
notoriously  shielded  the  alkali  manufacturers,  from  vexa- 
tious litigation.  In  explanation  of  these  standards  of 
pollution,  the  first  three  have  reference  to  the  dis- 
charges from  the  sewers  of  towns,  and  from  calico  print 
works,  woollen  works,  and  linen  works,  silk  and  paper 
works,  and  from  skinneries  and  tanneries.  AH  these 
kinds  of  pollution,  all  their  polluting  power,  is  due  almost 
entirely  to  organic  matter  in  solution ;  so  that  they 
are  very  similar  in  their  character  to  town  sewage 
itself — town  sewage  proper.  The  most  important 
of  the  first  three  standards  is  the  second,  the 
enforcement  of  which  indeed,  so  far  as  as  nine- 
tenths  of  the  polluted  rivers  in  the  kingdom  are  con- 
cerned, is  absolutely  essential  to  their  purification.  This 
standard  refers  to  organic  matter  in  solution,  and  is  so 
low  a  standard  that  anything  short  of  it  would  be  mere 
mockery ;  in  fact,  I  may  say  that  the  sewage  of  some 
towns,  where  there  is  an  excessive  water  supply,  is  some- 
times so  dilute,  in  respect  at  all  events  to  p*»Iltitiiig 
organic  matter  in  solution,  as  to  come  within  this  stan- 
dard. The  third  standard  might  be  obandoned  without 
injury  to  health.  It  provides,  in  fact,  only  against 
nuisance  to  the  eye.  That  is  the  standard  of  colour. 
TEhat  standard  was  at  the  time  a  good  deal  objected 
to,  and  I  do  not  see  much  reason  for  enforcing 
it ;  1)he  abdbnoe  of  colour  makes  rivers  mor<» 
pleasant  to  the  eye,  but  does  not  contribute  to  good 
jiealth  in  any  way.  The  remaining  standards  have 
reference  almost  exclusively  to  chemical  works.  The 
fourth  standard  provides  against  the  discharste  into  rivers 
of  excessive  quantities  of  salts  of  iron  and  manganese, 
which  poison  fish  and  render  the  river  water  unsuitable 
for  other  manufacturera  The  next  standard  provides 
against  the  admission  of  arsenic  in  smaller  quantities  than 
was  prevented  by  the  previous  one.  The  excessively 
poisonous  character  of  this  metal  renders  its  exclusion 
from  rivers  as  far  as  possible  obviouriy  desirable.  The 
next  standard  is  intended  to  exclude  the  discharge  of 
"bleaching  liquors  from  chemical  works,  paper  works  and 
from  bleach,  works  generally.  These  liquors  are  peculiarly 
fatal  to  fish,  but  they  are  not  prejudicial  to  health.  In 
dealing  with  the  sewage  of  towns,  after  an  experience  of 
thirty  years  as  analyst  to  the  Local  Government  Board, 
1  do  not  remember  a  single  case  in  which  I  have  had  to 
announce  th^e  infringement  of  anv  of  the  standardfi  except, 
the  first  and  the  second,  but  then  I  may  mention  that 
discharges  from  manufactories  have  not  come  much  within 
my  cognizance  in  that  time.  The  samples  sent  to 
me  by  the  Local  Government  Board  and  the  inquiries 
the  Board  have  instituted  have  been  almost  eicclusively 
directed  to  the  sewage  of  towns. 

3003.  Do  you  consider  that  in  testing  an  effluent  it  is 
enough  if  you  consider  it  by  the  light  of  these  standards  9 
— ^Yes ;  I  believe  that  these  standards  would  include  all 
forms  of  pollution,  and,  in  fact,  I  think  if  the  second 
standard  were  enforced  it  would  produce  an  enormous 
improvement  in  onr  river  systems. 

3004.  And  do  you  consider  that  the  uialytical  pro- 
•cessea  which  these  standaida  require  are  simple  and  ac- 
curate?— ^Yea,  they  are  all  of  them  very  simple.  The 
aecond  standard  is  generally  considered  to  be  the  most 
difficulty  but  I  have  known  several  instances  in  which  I 
have  myself  taught  persons,  almost  ignorant  of  diemisbry, 
to  make  the  necessarr  analytical  experiments,  and  in  the 
course  of  from  ten  days  to  a  fortnight  they  have  been 
•quite  competent  to  make  them. 

3006.  If  an  effluent  was  satisfactory  according  to  all 
tliese  standards,  should  you  say  that  it  might  go  into 
water  that  was  going  to  be  used  for  drinking  purposes 
by  human  beings  ? — ^Yes,  I  should  say  so  if  it  were  suffi- 
ciently diluted  by  that  water,  and  if  the  water  were  sub- 
mitted to  efficient  sand  filtration  afterwards,  but  this  latter 
wsild  be  essential. 


3006.  Should  you  say  it  might  go  into  water  which  was 
used  for  drinking  by  milk  cows  ?~Yes,  I  think  so ;  that 
would,  however,  be  without  filtration. 

3007.  Yes. — ^There  would  be  certainly  a  little  more 
risk  about  that.  I  should  not  like  to  give  a  dogmatic 
opinion  upon  that  point  because  I  do  n<3;  think  there  is 
sufficient  experience  of  what  would  be  produced  in  the 
case  of  cattle. 

3008.  (Mr,  KiUide.)  In  the  final  report  of  the  Oom- 
misBion  of  18o8,  Sir  Edward,  you  expressed  a  very 
strong  opinion  that  the  proper  way  to  treat-  river  pollu- 
tion was  by  dealing  with  the  whole  watershed  of  tiie 
river? — Yes;  the  Commissioners  eame,  I  think,  to  that 
conclusion  that  in  order  to  have  an  efficient  control  over 
a  river,  the  whole  basin  ought  to  be  under  the  supervi- 
sion of  some  one  authority.  I  think  some  of  us  recom- 
mended a  central  authority,  and  others  recommended  a 
local  authority. 

3009.  That  is  so.  The  Act  of  1876  has  been  in  force 
for  twenty-two  years;  you  have,  I  take  it,  a  general 
knowledge  of  what  has  been  done  under  that  Act?— Yes. 
That  Act  did  not  go  very  far  in  the  direction  of  the 
recommendations  of  our  Commission,  and  did  not  adopt 
the  standards,  so  that  there  have  always  been  disputes 
as  to  whether  any  given  disch«ge  into  a  river  was  poUutr 
ing  or  not,  and  obviously  always  will  be  so  long  as  you 
have  not  a  standard  to  go  by. 

3010.  And  after  the  twenty-two  years'  experience  of 
this^  Act,  are  you  still  of  opinion  that  the  proper  way  to 
purify  a  river  is  to  have  one  authority  for  the  who'e  of 
the  watershed  ?— -Yes ;  I  think  so.  And  I  think 
also  our  experience  since  the  passing  of  that  Act  sKowb 
that  it  has  been  insufficient  to  prevent  pollution.  I  do 
not  see,  judging  by  the  eye,  and  also  in  some  cases  by 
analysis,  that  there  has  been  anv  perceptible  improvement 
efiTected  in  such  rivers  as  the  Irwell  and  the  Irk,  and  the 
Medlock,  for  instance,  in  Manchester ;  they  are  all  f ear- 
fullv  polluted  still. 

3011.  Have  you  any  knowledge  of  the  watershed  of 
the  Mnrsey  and  Irwell  since  ihe  formation  of  the  Joint 
Committee  9 — ^No,  very  little  except  seeing  it,  of  course, 
from  the  streets  of  Manchester  and  other  places,  and 
paR!«ing  through  the  Ship  Canal  in  summer. 

3012.  The  standard  that  the  Mersey  and  Irwell  are 
endeavouring  to  enforce  throughout  the  watershed  is 
that  the  effluent  shall  not  be  liable  to  putrefaction  at  the 
place  where  it  enters  the  stream  1  The  rivers  are  some- 
what better  than  wh«n  you  inspected  them  ;  but  not  much 
better.  Is  not  that  a  reasonable  thing  to  begin  with,  that 
the  effluent  shall  not  be  liable  to  putrefaction  at  the 
place  where  it  enters  the  stream  ?--0h  yes,  I  think  that 
certainly  would  be  a  very  reasonable  things  but  it  is 
rather  difficult  to  find  out  whether  the  effluent  is  liable 
to  putrefaction*  Effluents  behave  in  a  very  mysterious 
way  sometimes.  Although  they  are  highly  polluting 
when  they  are  turned  into  running  water,  they  refuse  to 
becnme  ofifensive  in  bottle.  I  have  had  a  good  deal  of 
experience  of  that.  It  is  very  difficult  to  determine 
whether  a  liquid  is  polluting  or  not  by  merely  ascertain- 
ing whether  it  smells  on  being  kept  in  a  bottle  at  any 
favourable  temperature  even. 

3013.  Of  course,  it  is  necessary  to  know  the  condi- 
tion of  the  stream  into  which  the  effluent  is  turned  i» 
well  as  the  condition  of  the  effluent? — ^Yes,  I  think  no 
effluent  ought  to  be  objected  to  that  is  better  than  the 
stream  into  which  it  is  being  turned,  and  sometimes  the 
rivers  themselves  sre  so  polluted  thst  an  effluent  without 
any  treatment  at  all  rather  improves  the  river  than 
otherwise. 

3014.  But  do  you  not  see  the  danger  of  that  position, 
Sir  Edward  9— Yes,  I  da 

3015.  If  the  effluent  is  not  to  be  better  than  the  slirean 
into  which  it  is  turned  you  must  begin  the  purification 
of  a  stream  with  the  top  pollution  ? — ^Yes. 

3016.  And  vou  cannot  proceed  to  deal  with  the  seoond 
pollution  until  the  top  pollution  is  remedied?— I  quite 
sgree  with  that. 

3017.  Therefore,  that  suggestion  is  impractioable  ?-' 
Oh,  yes,  I  think  it  is  only  in  very  peculiar  cases  that  the 
proposition  I  have  just  mentioned  ought  to  be  enter- 
tained at  all.  But  I  will  mention  one  such  case,  that  is 
St.  Helena  in  Lancashire.  Now,  St  Helens  is  the  great 
seat  of  the  alkali  manufacture  by  the  Le  Bkmc  process, 
and  a  good  part  of  the  town  is  even  built  upon  alk^i 
waste,  and  the  river  which  runs  through  the  town  ih 
polluted  by  the  soakage  from  this  alkali  waste,  so  that 
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before  it  leaves  the  town  it  becomes  etronglj  impreg- 
nated with  sulphur  compounds,  and  so  long  as  the  river 
is  in  that  condition,  I  think  it  would  be  absurd  to  en- 
force standards  which  would  be  applicable  to  tolerably 
pure  streams. 

3018.  Of  course  also  the  standards  would  vary  whether 
the  effluent  were  afterwards  required  for  drinking  pur- 
poses, and  again  on  the  other  hand  if  it  were  turned  into 
a  tideway? — Tes,  there  ought  to  be  more  latitude  cer- 
tainly, when  it  is  turned  into  a  tideway. 

3010.  Now  taking  the  object  of  the  Mersey  and  Irwell 
tu  keep  out  effluents  that  are  liable  to  putrefaction,  might 
I  ask  your  opinion  of  the  tests  which  they  use  for  the 
purpose  of  classification.  One  test  is  oxygen  absorbed 
from  permanganate  of  potash  in  four  hours,  the  limit  being 
one  grain  of  oxygen  per  gallon ;  do  you  think  that  is  a 
suitable  test? — ^I  think  it  is  better  than  no  test  at  all, 
ccitainly ;  but  it  is  fallacious  in  several  ways.  There 
may  be  reducing  agents  present  which  would  not  be 
putrefactive  in  the  stream,  but  which  would  absorb 
oxygen  from  the  permanganate. 

3020.  But  in  practical  work  do  you  think  that  is 
liable  to  occur  very  often  ? — ^Yes,  I  think  it  would  in  the 
sewage  of  manufacturing  towns  as  Birmingham  and  Wol- 
verhampton, where  large  quantities  of  proto-salts  of  iron 
are  discharged  into  the  sewers. 

3021.  We  have  found  one  case  in  the  Mersey  and  Irwell 
watershed — ^the  case  of  Bedditoh — ^in  the  watershed  there 
are  four  hundred  manufacturers  and  eighty  authorities. 
Then  another  test  which  is  used  is  the  albuminoid  am- 
monia test,  one-tenth  of  a  grain  per  gallon ;  do  you  think 
that  is  of  any  value  ? — ^I  do  not  think  that  is  of  any  value 
at  an — ^the  albuminoid  ammonia  test — ^because  it  yields 
such  very  different  results  with  different  organic  com- 
l>ound8.  For  instance,  it  gives  no  albuminoid  ammonia  at 
nil,  with  urea  which  is  the  chief  constituent  of  urine. 

3022.  Can  you  suggest  any  tests  that  would  be  better 
lor  the  purpose  of  a  river  s  board  so  as  to  keep  out 
liquofs  liable  to  putrefaction? — Well,  the  test  that  I 
have  always  employed  myself  now  for  thirty  years,  and 
am  continually  employing,  is  that  mentioned  in  the 
second  of  these  standuds — ^the  determination  of  organic 
carbon  and  organic  nitrogen.  That  is  accomplished  by 
evaporating  a  small  quantity  of  the  effluent — one  or  two 
hundred  cubic  centimetres  to  dryness  in  a  glass  basin, 
mixing  the  residue  with  oxide  of  copper,  and  burning  it 
in  a  glass  tube,  the  gases  being  collected  and  the  quantity 
of  cui>on]c  acid  and  nitrogen  evolved  in  the  combustion 
measured. 

3023.  (ProfesMr  Foster.)  Am  I  right.  Sir  Edward,  in 
thinking  that  you  introduced  the  t^m  albuminoid  am- 
monia ?~-N'o, 

3024.  Who  did  introduce  the  term? — ^It  was  Bir. 
Wanklyn,  the  analytical  chemist,  who  introduced  that 
term,  and  introduced  the  process,  and  it  is  no  doubt 
veiy  laigely  used  by  public  analysts  in  roughly  deter- 
mining the  amount  of  organic  matter  that  is  present  in 
drinking  water. 

3025.  What  is  supposed  to  be  the  real  meaning  of  the 
term? — ^The  real  meaning  of  the  term  is  suppos^  to  be 
this,  that  all  polluting  matter  is  albumen,  or  of  an 
albuminous  nature,  and  that  this  yields  a  definite  quantity 
of  ammonia  when  it  is  treated  with  permanganate  of 
potash  and  heated.  But  there  are  iTianv  other  thinss 
besides  albumen  which  yield  this  so-called  albuminoid 
ammonia.     ^ 

3026.  Which  yield  ammonia  treated  by  Wanklyn's 
process? — ^Tes,  I  may  mention  peaty  matter.  Peat 
which  is  thousands  of  years  old  is  about  the  last  substance 
which  you  would  expect  to  contain  albumen,  and  yet  it 
yields  a  particularly  large  quantity  of  albuminoid  ammonia. 
Hence  a  very  peaty  water  which  would  not  offend  any  of 
the  standards  except  perhaps  that  of  colour  would  be  very 
strongly  condemned  by  the  albuminoid  ammonia  process. 

3027.  (Professor  Bamsa^.)  The  oonstatuents  of  the 
peat  effluent  I  suppose  are  hannless ;  tiie  brown  colour 
in  peaty  water  is  of  no  harm  ? — Oh,  no ;  that,  I  tUnk, 
we  cannot  consider  to  be  harmful,  beouue  it  is  in- 
evitable in  mountain  rivers  in  flood. 

3028.  (Professor  Foster.)  And  does  not  putrefy  under 
the  action  of  the  ordinazy  oxganisms  which  do  cause 
pttferefaetion  in  albuminous  compounds? — No,  it  never 
putrefies. 

3029.  And,  therefore,  nevor  gives  rise  to  offensive  or 
poisonous  results? — No,  never. 
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3030.  By  polluting  matter  in  a  sewage  I  suppose  you     air  k. 
simply  mean  organic  matter,  or  do  you  draw  a  distmc-  ^"^^^^^ 
tion    between    organic    matter    and    polluting    organic       .11.' 
matter  ? — ^Yes,    X   should   draw   a   distinction   certainly  i*  Dec^oa. 
between    polluting    organic    matter,    and    non-polluting  '^ 
organic  matter,  and  peaty  water  would,  I  should  consider, 

be  non-polluting ;  but  I  have  never  found  any  stream, 
however  peaty ;  that  would  infringe  the  second  standard 
I  was  very  careful  to  ascertain  that  before  proposing  that 
standard. 

3031.  But  in  ordinary  sewage  where  you  have  not  any 
peaty  matter? — Yes,  I  consider  in  ordinary  sewage  all 
the  organic  matter  present  is  poUuting. 

3032.  And  the  suspended  organic  matter  is  in  process 
of  the  flow  of  the  sewage  from  time  to  time  being  con- 
verted into  dissolved  organic  matter? — ^Yes,  probably 
some  pait  of  it  at  all  events,  it  is  deposited  in  the  stiller 
reaches  of  rivers  usually,  and  then  enters  into  putrefac- 
tion there,  and  rises  to  the  surface  veiy  often  in  large 
pieces  floated  up  by  the  putrefactive  gases  that  are  disen- 
gaged. I  do  not  think  we  have  any  evidence  that  it  enters 
into  solution  ;  but  it  is  not  at  all  improbable  that  some  of 
it  does. 

3033.  (Professor  Eamsay.)  How  long  did  the  186S 
Commission  sit,  Sir  Edward? — Six  years. 

3034.  And  during  Ithat  lime  had  you  a  laboratory 
making  expei-iments  ? — ^Yes,  we  had  a  very  well  equipped 
laboratory  nn  Victoria  Street,  with  three  or  four  assistants 
continually  at  work  during  the  whole  time. 

3036.  Investigating  the  waters  from  a  drinking  point  of 
view,  or  from  a  sewage  point  of  view,  or  both? — ^Mostly 
from  a  sewage  point  of  view,   although  at  ithe  same 
time  drinking  waters  were  sent  there  for  examination  by 
the  Local  Government  Board.     But  the  chief  work  of  the 
laboratory  was  the  mvestigation  of  those  samples   that 
were  continually  sent  up  by  the  Cknumissioners*  and  also 
the  investigation  of   processes  that  were  supposed  to 
be  available  for  the  purification  of  polluting  matters. 
A  great  deal  of  time  was  spent  in  investigating  such 
processes  as  intermittent  filtration,  for  instance,  and  broad 
irrigation,  as  used  on  sewage  farms,  and  also  processes  for 
dealing  with  manufacturing  refuse  of  various  kinds.    All 
those  investigations  were  carried  out  there. 

3036*  And  your  processes  for  estimating  carbon  and 
nitrogen  were  elaborated  there  for  the  first  time  ? — Yes  ; 
they  were  always  carried  out  there  from  the  first,  but 
they  had  already  been  devised  and  used  by  me  before  the 
Commission  was  formed. 

3037.  I  think  Mr.  Killick  put  a  question  to  you  as  re- 
gards the  turning  of  gewage  into  tidal  estuaries  ;  sewage 
need  not  be  so  carefully  purified  when  it  runs  into  an 
estuaiT'  as  when  it  runs  into  a  river.  Are  you  aware  that 
the  effect  oi  sewage  running  into  an  estuary  is  frequently 
to  cause  the  growth  of  fungoid  matter,  which  . 
sufbsequently  decomposes? — Oh,  yes ;  it  certainly  does  so,. 
•ometnoes  if  there  is  not  a  sufficient  current  in  the  estuary 
to  carry  the  matter  rapidly  out  to  sea. 

3038.  That  would  depend,  I  suppose,  upon  the  shape 
and  current  of  the  river? — ^Yes,  very  much  upon  the 
current  of  the  river  and  the  length  to  which  the  tide  would 
carry  this  sewage  effluent  up  the  river. 

3039.  May  I  ask,  in  the  days  when  you  carried  on  the 
laboratory  in  Yicteria  Street,  was  there  any  knowledge  at 
all  of  bacterial — No. 

3040.  That  did  not  enter  into  your  work^  did  it  ? — No, 
it  did  not.  Of  course,  I  had  my  auspicioos  in  several 
cases,  but  they  were  mere  suspicions.  For  instance,  in 
intermittent  filtration  I  came  to  the  conclusion  that  there 
must  be  bacteria  at  work  there,  but,  still,  I  never  had 
any  demonstration  of  that. 

3041.  I  think  you  said,  in  your  answer  to  one  of  the 
questions,  that  if  it  could  be  proved  that  an  effluent  would 
not  undergo  offensive  decomposition  when  it  entered  a 
river  that  would  'be  the  best  test  for  the  purity  of  that 
effluent? — ^Yes,  if  you  could  apply  the  test  in  a  trust* 
worthy  manner ;  but  I  have  found  that  specimens  of 
effluents  put  into  bottles  and  kept  in  a  warm  room 
frequently  did  not  become  offensive,  whereae  when  turned 
into  a  stream  those  effluents  have  rendered  it  very  foul 
indeed. 

3042.  But  do  you  not  think  that  the  difficulty  could 
be  got  over  by  the  light  of  our  present  knowledge,  by 
submitting  the  effluents  to  the  action  of  a  bacteria  bed? — 
Yes  ;  I  think,  probably,  if  it  were  inoculated  with  putre- 
fying orgMisms  that  might  possibly  be  a  valuaVie  teat 
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SirB,         3043.  {Professor  Foster,)  Ithinkyin  anawerito  a  ques- 

Frmnkiand,  tion  by  the  Chaiiman,  you  6&id  that  an  effluent  which  satis- 

^ifif '      fied  conditions  might  be  discharged  into  a  riyer,  and  the 

14  j>ee.  1808.  water  of  that  river  used  for  drinking  purposes,  provided  in 

'  '       the  first  place  that  there  was  adequate  dilution,  and  in 

the  second  place  that  it  was  passed  through  a  sand  filter  t — 

Tes ;  subject,  I  said,  to  efficient  sand  filtration,  which 

means  the  removal  of  at  least  99  per  cent,  of  the  microbes 

present  in  the  raw  river  water. 

3044.  It  was,  then,  for  the  removal  of  the  microbes  in 
the  effluent? — Tes,  that  ia  so. 

3045.  And  not  of  any  substance  in  the  effluents? — ^I 
mean  the  removal  of  the  microbes  in  sand  filtration  when 
the  water  was  going  to  be  used  for  drinking. 

3046.  Tes ;  but  the  object  of  the  sand  filtration  was  to 
remove  injurious  microbes  which  might  be  present  in  the 
effluent,  although  the  quantity  of  organic  matter  in  the 
effluent  was  below,  or  satisfied^  at  all  events,  your 
standard  ? — Tes. 

3047.  The  object  of  the  sand  filtration  was  not  a  further 
removal  of  the  organic  matter,  but  a  catching  of  the 
microbes  which  might  be  present? — ^Quite  so.  In  fact, 
sand  filtration  cannot  remove  more  than  a  small  propor- 
tion of  the  organic  matter  present  in  solution,  but  it 
arrests  about  99  per  cent,  of  the  microbes  present. 

3048.  It  was  with  the  microbes  distinctly  in  view  that 
you  recommend  this  efficient  sand  filtration  ^Tes,  cer- 
tainly. That  haa  entirely  altered  our  conceptions  of  water 
supplies  since  the  cultivation  of  microbes  has  received 
practical  application. 

3049.  (Professor  Bainsay,)  May  I  return  to  the  point 
we  were  discussing,  Sir  Sidward,  namely,  the  £aot  ^hat 
water  which  putrefies  sometimes  when  it  enters  a  stream 
does  not  putrefy  or  may  not  putrefy  when  it  is  kept  in  a 
bottle  ?— Tes. 

3050.  Probably,  owing  to  the  absence  of  the  putrefying 
organisms? — ISo  doubt    that  is  the  reason. 

3051.  I  think  you,  in  your  1868  report,  stated  that  "  if 
water  contaminated  with  organic  matter  be  perfectly  ex- 
cluded from  the  air  in  a  carefully-stopperea  bottle,  the 
.gradual  diminution  in  the  amount  of  dissolved  oxygen 
indicates  exactly  the  progress  in  the  oxidation  of  the 
organic  matter."  That  is,  of  course,  on  the  assumption 
that  the  oxidation  does  go  on  in  tHe  bottle  I— -Tes ;  there 
is  a  certain  action  goes  on  in  the  bottle,  no  doubt,  but  it 
is  not  always  attended  with  the  production  of  offensive 


3052.  Quite  so,  and  I  think  you  said  also  that  atmo- 
spheric oxyg«n  is  not  very  active  in  this  respect^  but 
•^ssolved  oxygen  is? — ^Tes,  dissolved  oxygen  is  more 
active. 

3053.  Then  vou  go  on  further  to  state  the  experiments 
that  you  carried  out  show  that  no  sewage  could  be  destroyed 

by  such  action  within  a  week,  and  that  the  amount  of 
carbonio  acid  dissolved  ia  the  water  remained  constant 
during  that  period  ? — ^Tes ;  you  are  quoting,  I  think, 
from 

3054.  From  a  statement  of  Sir  Henxy  Boscoe,  which  he 
has  given  in  aa  hia  proposed  evidence  ? — ^Tes  ;  I  think 
that  IS  c<Mitained  in  one  of  our  reports  ;  one  of  the  reports 
of  the  Rivers  l^oUution  €k)mmis6ion.  \8ee  6th  Report  of 
the  Rivers  Pollution  Commission,  pp.  137-8.] 

3065.  Tes,  it  is  ? — ^I  made  the  experiment,  I  may  men- 
tion, myself,  but  I  cannot  quite  remember  the  details  and 
the  results  at  the  present  moment,  but  the  result  was,  I 
think,  that  no  amount  of  oxidation  that  was  caused  in 
that  way  oould  materially  affect  a  sewage  effluent. 

3056.  Tes  ? — ^Within  a  reasonable  time. 

3067.  Quite  so  ;  but  I  suppose  you  would  agree  that  it 
would  be  possible  to  oxidise  a  carbon  compound  without 
the  production  of  carbonic  acid? — Oh,  certainly,  some 
-cairbon  compounds  can  be. 

3058.  The  oxygen  need  not  go  so  far  as  to  produce 
<»ii>omc  acid? — No,  but  you  must  have  the  absorption  of 
the  oxygen  contained  in  a  liquid  or  dissolved  in  it. 

3069.  Tou  are  finally  credited  with  the  statement: 
""It  would  be  safer  to  infer,  however,  from  the  above 
results,  that  there  is  no  river  in  the  United  Kingdom  long 
enough  to  effect  the  destruction  of  sewage  by  oxidation  ?  " 
— ^Tes,  I  «till  Jiold'to  that  opinion. 

3060.  But  you  think*  I  suppose,  that  efficient  filtration 
through  bacteria  beds  in  presence  of  plenty  of  oxygen 
might  effect  such  destruction  ? — Certainly  ;  if  you  remove 
iJbe  bacteria,  the  organic  matter  in  solution,  so  far  as  our 


present  knowledge  goes,  is  not  deleterious  to  health  at 
all.  It  may  be  that  subsequent  investigations  may  show 
that  ptomaines,  or  something  deleterious  of  that  kind,  may 
be  present,  but  there  is  no  evidence  of  such  a  thing  at 
present,  and  if  you  remove  the  microbes  then  you  may 
drink  pretty  concentrated  sewage  effluent  without  injury 
to  health,  probably. 

3061.  Did  you  do  any  personal  work  on  the  nature  of  the 
albuminoid  matter? — ^Not  in  the  Rivers  Commission 
Laboratory. 

3062.  I  mean,  in  your  long  controversy  with  Wanklyn  ? — 
Tes  ;  I  did  a  good  deal  of  work  in  the  way  of  testing  the 
albuminoid  ammonia  process  upon  various  waters.  Dr. 
Udiing  and  myself,  when  analysmg  for  the  Duke  of  Rich- 
mond's Commission,  the  MetroDolitan  Water  Commission, 
made  a  great  number  of  experiments  at  that  time, 
and  the  result  was  that  we  came  to  the  conclusion  that 
the  albuminoid  ammcmia  process  was  not  truatworthy« 
but  we  applied  it  to  all  the  waters,  I  believe,  that  were 
analysed  for  the  Commission  by  us — ^Dr.  Odling  and 
myself. 

3063.  Did  you  attempt  to  apply  it  to  any  albuminoid 
compound  that  one  can  see  ? — Qh,  certainly. 

3064.  In  certain  cases  did  you  find  destruction,  and  in 
other  cases  not  ?— In  some  cases  we  found  one  proportion 
of  ammonia  given  off  per  unit  of  organic  matter,  and  in 
others  two  or  three  times  that  amount,  perhaps,  or  none 
at  all,  as  in  the  case  of  urea. 

3065.  And  have  you  ever  noticed  this — ^that  mere  eva- 
poration with  water  is  sufficient  to  decompose  a  certaui 
asnount  of,  probably,  albuminoid  matter,  or  at  all  events  to 
cause  ammonia  to  be  evolved  ? — During  the  evaporation  ? 

3066.  Tes? — ^No,  I  have  never  noticed  that  in  tiie  case 
of  drinking  waters,  at  all  events,  and  I  do  not  know  that 
I  ever  noticed  it  either  in  the  case  of  sewage.  I  have 
not  particularly  studied  that  point  with  regard  to  sewage, 
l^ut  it  certainly  is  not  so  with  regard  to  water. 

3067.  The  albuminoid  ammonia  is  stable  on  evapora- 
tion to  dryness? — ^Tes,  the  evaporation  is  conducted 
after  the  addition  of  sul^urous  acid,  which  probably 
prevents  any  decomposition. 

3068.  Quite  so ;  I  had  forgotten  that? 

3069.  (Major-General  Carey.)  Land  was  recommended 
by  the  Royal  Commission  of  1868  aa  the  best  purifier  of 
sewage  then  known,  as  the  direct  result  of  your  laboratory 
experiments,  was  it  not  ? — Tes,  that  was  so,  and  not  merely 
of  our  laboratory  experiments,  but  from  the  practical 
application  of  the  principle  in  the  case  of  sewage  farms. 
There  trere  already  at  the  time  of  this  Commission  many 
•ewage  farms  in  operation,  and  we  studied  the  results 
there  very  carefully,  and  there  were  also  one  or  two  cMe> 
of  the  application  of  intermittent  filtration,  whic^  was 
recommended  to  begin  with  in  consequence  of  our  labora- 
tory experiments. 

3070.  Intermittent  filtration  of  sewage  through  lanci 
came  into  use  at  Merthyr  Tydvyl,  iiid  it  not? — ^Tes,  ft  did. 
Mr.  Bailey  Denton  applied  it  there,  according  to  our 
directions,  and  it  was  ver^  successful  The  result  of 
the  Merthyr  Tydvyl  purifying  filters  was  that  the  sewage 
of  three  thousand  people  could  be  efficiently  treated  uptj  i 
an  acre  of  land— of  suitable  land— provided  it  were  drained 
six  feet  deep. 

3071.  That  proportion  had  to  be  modified  considerably 
forwards,  had  it  not  ? — ^I  do  not  think  so. 

3072.  I  mean  purifying  the  sewage  of  a  population 
of  three  thousand  persons  to  the  acre? — Oh,  at  Merthyr 
l^vyl  the  intermittent  filters  were  '  to  a  great 
extent  abandoned  afterwards  because  at  the  time  they 
were  first  formed  the  Corporation  nad  already  bought  a 
large  quantity  of  land  down  the  river  and  they  thought 
it  better  to  fertilise  this  land  by  the  sewage,  and,  there- 
fore, they  adopted  broad  irrigation  afterwards,  but  kept 
on  these  filters,  supplying  them  with  a  smiiior  quantin- 
of  the  sewage,  and  growing  crops  of  cabbages  uid  other 
vegetables  upon  them,  but  I  do  not  think  th«re  was  any 
modification  as  to  the  possibiEty  of  purifying  the  aewage 
of  three  thousand  people. 

3073.  Practically  that  proportion  has  never  been 
adopted  in  other  places  in  the  country.  The  pioportioii 
of  3,000  persona  to  the  acre  is  a  very  high  proportion, 
and  was  the  result  of  laboratory  experiments  wjiieli 
were  not  found  to  work  out  in  practice  ? — ^Well,  I  cannot 
recall  to  mind  anv  case  in  which  it  failed,  if  the  land  was 
suitable.  It  could  not  answer  of  course  upon  unsuitabk 
land,  upon  non-porous  soil,  but  on  a  sandy  or  gravelly 
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4K>il,  I  believe  that  at  least  the  sewage  of  3,000  people 

-could  be  treated  successfully.     Since  that  time,  I  ought 

to  mention,  there  has  been  another  process,  and  one  onlj- 

in  which  I,  myself,  have  confidence  for  the  purification 

•K>f  sewage,  and  that  is  the  bacterial  treatment  of  it  in 

tanks.    I  have  had  some  little  experience  of  this  process, 

-and  the  results,  so  far  as  I  have  gone,  show  that  it  is 

-capable  of  very  efficient  application  to  sewage. 

3074.  Without  treatment  on  land  ? — ^Without  any  treat- 
ment upon  land. 

3075.  {Professor  Bamsay,)  I  forget  if  you  treat  your 
-own  sewage,  do  you,  at  your  country  house  9 — ^No. 

3076.  Only  your  water? — ^No ;  I  am  drained  into  the 
main  drainage  there. 

3077.  Tou  soften  your  water,  I  think? — ^I  soften  my 
water.  I  have  my  own  well  in  the  upper  greensand,  and 
I  soften  the  water. 

3078.  You  do  not  otherwise  purify  the  water  except 
by  softening  ? — No  ;  except  by  softening. 

3079.  {Major-General  Carey.)  Are  you  referring  to 
the  sewage  of  any  towns? — ^>io;  I  am  referring  to  the 

.sewage  of  Sutton  with  regard  to  the  bacterial  treatment, 
that  is  where  I  made  some  experiments. 

3080.  At  Sutton  they  have  some  twenty-four  acres  of 
land  available? — ^Oh,  yes.     This  process  was  only  ^eing 

•carried  out  upon,  I  suppose,  one-fourth  or  one-fifth  of  the 

.  sewage  at  the  outside,  the  other  was  going  upon  the  land 
as  umial,  bat  they  were  contemplating  adopting  it  for  the 
whole  of  the  sewage.  It  was  certainly  a  very  striking 
result  that  I  got  there,  and  I  visited  the  works  myself, 
and  took  my  own  samples,  so  that  there  can  be  no  doubt 

.  about  it.  The  transfer  of  the  sewage  matter  into  nitrates 
went  on  to  such  an  extent,  that  I  should  scarcely  have 

« deemed  possible  in  so  short  a  time,  because  the  treatment 

•  did  not  take  longer  than  about  three  or  four  hours. 

3081.  Then,  do  you  consider  that  that  recq^iaiendatioiL 
of  the  Boyal  Commission  of  1868  should  be  modified  at 
present  as  to  the  use  of  land  for  the  purification  of  sewage  ? 

— ^Yes,  but  I  think  where  sufficient  land  is  available, 

where  land  is  available  at  a  sufficiently  cheap  rate,  I 
.  should  still  prefer  the  land  treatment,  because  you  utilise 

for  the  benefit  of  the  community  at  large  the  fertilising 
.  constitutents  of  the  sewage,  and,  of  course,  it  is  all  lost 

bv  the  septii;  treatment.     That  is  an  economical  rather 

than  a  chemical  question. 

3082.  Has  the  value  of  your  process  for  ascertaining 
'the  organic  part  of  nitrogen  ever  been  called  in  question 

that  you  are  aware  of?-~The  value  of  it;  no,  I  do  not 
think  the  value  of  it  has,  but  it  has  been  complamed  oi 
as  being  troublesome  and  costly.  It  requires  rather  costly 
-apparatus.  I  mean  you  require  about  six  or  seven  pounds 
of  mercury,  which  costs  2s.  or  3b.  a  pound.  I  <{o  luot 
mean  for  each  analysis,  that  will  last  for  years,  of  course, 
but  in  fitting  up  your  laboratory  for  its  operation,  and 
.  you  require  a  gas  analysis  apparatus  and  an  arrange- 
ment for  evaporating  down  these  effluents  iu 
glass  dishes  for  combustion.  It  is  altogether  a  process 
which  takes  more  time,  thmre  is  no  doubt,  than  the  albumi- 
noid ammonia  process,  or  the  oxygen  absorbed  prjcess. 
They  occupy  at  the  outside  three  or  four  hours,  whikt 
this  combustion  process  cannot  be  well  carried  out  with- 
•out  undue  pressure  of  work  in  less  than  twenty-four  hours 

•  or  even  forty-eight  in  the  case  of  drinking  water.  But 
in  the  case  of  sewage,  owing  to  the  smaller  quantity  re- 

•  cuiied  to  be  evaporated  it  would  be  quite  easy  to  carry 
it  out  within  twenty-four  hours,  and,  of  course,  several 

.-sauiples  can  be  operated  simultaneou^y. 

3083.  I  underefcand  you  consider  that  process  gives  far 
more  reliable  results  than  either  the  albuminoid  ammonia 
or  the  oxygen  absorbed  standards  ?— Yes,  I  do,  and  I 
think  it  is  quite  worth  the  additional  trouble  in  getting 
the  result 

3064.  (Colonel  Harding.)  In  regard  to  the  three  condi- 
tions that  you  have  mentioned  to  us  as  being  specially 

;  applicable  to  the  sewage  of  towns  I  understand  you  to  say 

.  that  the  third  aa  to  disooloratiQn  wa^  not  important  ? — 

It  is  of  no  importance  as  regards  injury  to  health  ;  it  is 

of  importance  if  you  want  to  have  a  pleasant-looking 

'Stream. 

3065.  Then,  in  regard  to  the  other  two,  a  and  b,  you 
•consider  6  by  far  the  more  important  of  the  two? — ^Yes, 

I  do,  for  the  reason  I  have  already  assigned;  that  hix- 
'  sevenths  of  the  polluting  matter  in  sewage  is  in  solution, 
and  that  second  standard  is  the  one  that  is  aTmlicable 
to  the  poUuting  oiganio  matter  in  solution,  the  first  being 
for  the  polluting  matter  in  suspension. 
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3086.  Have  you  been  able  to  form  any  opinion  as  to      ^y^. 
whether,  part  for  part,  matters  in  suspension  are  more  Franklmnd 
likely  than  matters  in  solution  to  produce  the  results      ^:^' 
of  putrefaction  ?— No ;  they  are  both  liable  to  putrely,  uDecitss 
but     I     look    upon     matters     in     solution    as    being 

the  most  serious  put  of  the  polluting  matter,  because 
they  are  more  difficult  to  remove,  more  difficult  to  deal 
with,  there  are  many  simple  ways  of  getting  rid  of  the 
matters  in  suspension. 

3087.  Now,  as  to  condition  h.  You  lay  down  that 
certain  proportions  of  organic  carbon  and  organic  nitrogen 
must  not  be  exceeded.  Does  that  include  the  estima- 
tion of  the  matters  in  suspension,  as  well  as  those  in 
solution? — ^No;  the  matters  in  suspension  are  removed 
first  by  filtration  before  that  second  standard  is  applied. 

3088.  Then  we  are  to  understand  that  that  second 
standard  applies  to  a  sewage  from  which  the  solida  in 
suspension  have  already  been  removed? — Yes,  certainly. 

3089.  I  believe  it  is  somewhat  usual  in  analysing  au 
effluent  to  take  that  course,  to,  first  of  all,  estimate 
the  solids  in  suspension  separately,  and  then  deal 
chemically  with  the  filtered  effluent  ?--Oertainly,  that  is 
always  done  in  the  case  of  a  raw  sewage,  but  very  rarely 
in  the  case  of  sewage  effluents,  because  practically  the 
whole  of  the  suspended  matter  in  the  very  worst  pro- 
eesses  is  removed.  The  effluent  is  still  what  we  term 
turbid,  that  is,  much  too  muddy  to  be  used  as  drinking 
water  for  instance,  but  the  amount  of  suspended  matter 
present  is  not  sufficient  to  require  an  estimation  of  it. 

3090.  Then  there  might  be  considerable  turbidity  with-» 
out  there  being  present  a  large  quantity  of  matters  in  sus- 
pension ? — Certainly. 

3001.  In  answer  to  my  colleague,  Mr.  Killick's  question 
as  to  the  value  of  oxygen  absorbed,  you  said  that  it  was 
a  test  which  was  better  than  none  at  all  ? — ^Yes. 

3092.  In  regard  to  the  albuminoid  ammonia,  you 
scarcdy  went  so  far? — No,  I  should  greatly  prefer  the 
oxygen  absorbed  process  to  the  albuminoid  ammonia. 

3093.  In  regard  to  the  albuminoid  ammonia,  you  thought 
that  it  might  in  some  respects  be  unfavourable  to  an- 
effluent,  because  certain  matters — ^for  instance,  peaty 
matters — ^might  give  a  greater  result  in  albuminoid  am- 
monia without  being  really  injurious  in  any  way  to  healtii  ? 
—Yes. 

3094.  And  on  the  other  hand,  certain  matters,  like  urea, 
might  not  give  results  in  albuminoid  ammonia  and  yet  be 
objectionable  ? — ^Yes,  that  is  so.  It  is  an  uncertain  pro- 
cess, and  you  cannot  trust  implicitly  the  results. 

3095.  But  apart  from  this  uncertainty,  Sir  Edward,  do 
you  not  think  that  the  albuminoid  Ammnnfi^.  test  bears  a 
sortyof  general  relation  to  the  impurities  of  an  effluent,  ' 
just  as  ^e  oxygen  absorbed  does? — ^Yes,  if  the  effluents 
are  of  a  tolerably  constant  composition  it  does,  and  so 
does  the  oxygen  absorbed,  but  if  the  composition  of 
the  effluent^  the  constituents  present  change,  then  both 
those  processes  give  a  different  result  in  reference  4»  a 
unit  of  the  polluting  matter. 

3096.  What  I  wanted  to  get  at  was  whether,  although 
these  two  tests  were  not  reliable  in  regard  to  accuracy, 
they  might  not  form  a  sort  of  rough-and-ready  way  of 
estimating  the  chemical  constitution  of  sewage  effluents. 
For  instance.  Sir  Edward,  I  am  not  a  chemist,  of  comse, 
but  I  have  had  a  good  deal  to  do  lately  with  the  practical 
examination  of  these  matters,  and  to  take  a  recent  in- 
stance, I  found  that  the  results  in  albuminoid  ammonia 
riven  by  crude  sewage,  including  the  matters  in  suspen- 
sion, were  '85? — '85. 

3097.  Yes ;  when  they  had  been  filtered  so  as  to 
eliminate  the  matters  in  suspension  the  results  in  albu- 
minoid ammonia  were  -45.  Then,  finally,  when  this 
effluent  had  been  treated  by  intermittent  filtration  the 
effluent  gave  -06.  Now,  there  appears  to  be  a  certain 
relation  between  the  albuminoid  ammonia  results  and  the 
impurities  in  these  three  liquids.  Do  you  think  that  was 
utterly  unreliable  ?— I  think  the  first  two  must  have  been 
fallacious,  because,  according  to  these  two  estimations, 
the  matters  in  suspension  must  have  contained  as  much 
polluting  material,  as  much  albumen,  as  the  dear  liquid, 
because,  you  see,  the  albuminoid  process  showed  -8  in 
the  case  of  the  sewage  with  the  suspended  matter,  and 
only  '4  when  the  suspended  matter  had  been  removed 
I  thiuk  that  must  be  a  fallacious  result^  but  the  final 
one  I  think  would  enable  you  to  say  that  that  liquid  was 
quite  fit  to  go  into  a  stream.  Wluit  I  wish  to  say  is  that 
I  consider  both  these  processes  are  untrustworthy,  iriien 
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Sir  E.      used  with  a  mixture  of  so  manj  and  various  aubstances 
jVwiWand,  ^  -^^  ^j^yg  jjj  ^h^  sewage  of  a  town. 

_— :  3098.  (Professor  Bamsay,)  Bef erring  to  the  question 
!_:.    '  of  permanganate  again,  the  oxygen  absorbed  and  albu- 
minoid ammonia,  do  you  not  consider  that  they  are  really 
two  methods  of  applying  the  same  test? — Yes,  I  think 
they  are  very  much. 

3090.  Yeiy  much? — ^But  the  albuminoid  ammonia  is 
the  more  uncertain  of  the  two,  I  think,  on  account  of 
the  very  different  amounts  of  ammonia  yielded  by 
different  organic  substances,  but  they  both  consist  in 
subjecting  the  organic  matter  to  the  oxidising  effect  of 
permanganate  of  potash. 

3100.  (Chairman,)  I  think  you  eaid  that  yon  had  seen 
a  little  of  the  results  of  some  of  the  new  systems  of 
artificial  filtration.  Have  you  made  any  analyses  of  those 
results  9 — ^Do  you  moan,  my  Lord,  the  results  at  Sutton, 
that  I  spoke  of  just  now. 

3101.  You  have  made  analyses  of  them  I — Yes,  I  have. 

3102.  You  have  V — ^Yfts,  I  have  very  carefully. 

3103.  And  at  any  other  place  besides  Sutton  ? — ^At  some 
lunatic  asylum,  the  name  of  which  I  forget,  but  l&ere 
only  one  septic  tank  was  used,  and  that  certainly  was 


not  successful.  The  efiiuent  from  that  was  quite  as  bad 
as  the  raw  sewage  that  was  going  into  it.  At  Sutton 
two  tanks  were  used,  and  the  effluent  from  the  first  waa 
carried  into  a  second  tank,  containing  coke  breeze,  and 
it  was  in  that  tank  that  the  chief  punfication  took  plact, 
and  the  degree  of  purification  was  very  remarkable. 

^104.  And  you  would  be  generally  disposed  to  hope 
that  satisfactory  systems  of  artificial  filtration  might  be 
discovered  ? — ^Yes,  at  all  events  of  treatment  in  ta&s,  in 
septic  tanks  in  that  way.  I  think  that  is  a  process  which 
looks  very  hopeful  at  present 

3]  05.  (Major-General  Carey.)  But  that  is  quite  dis^^inct 
from  the  Sutton  system,  where  there  is  no  septic  tank. 
The  Sutton  system,  of  course,  depends  entirely  upon  filtia- 
tion  through  filters,  through  a  coarse  and  fine  filter? — 
In  the  process  that  I  investigated  there — the  experi- 
mental process  that  was  going  on  upon  a  large  scale— 
the  sewage  wan  submitted  to  septic  influences  in  two 
separate  tanks. 

3106.  (Professor  Foster.)  Excuse  me,  Sir  Edward,  you 
are  speaking  of  Mr.  Dibdin's  second  filter  as  the  septic 
tank? — ^Yes.  It  is  there,  I  presume  that  the  afirobic 
microbes  performed  their  work,  whereas  in  the  first  tank 
the  anaerobic  microbes  performed  their  work. 


Mr.  W.  D,  Soon  MoNCBEin',  called  in ;  and  Examined. 


j^^  ^  ^  3106*.  (Chairman.)  You  are,  Mr.  Scott  Moncreiff,  an 
Istooie  *   engineer  of  many  years'  experience,    and   were   Keith 

Mvnereif  Prizeman  in  1874,  elected  a  Member  of  the  Institution 
of  Mechanical  Engineera  in  1884,  and  of  the  Sanitary 
Institute,  1888.  You  have  contributed  many  papexs  on 
various  engineering  subjects,  and  have  lectured  on  sanita- 
tion to  the  Boyaa  Military  School  of  Engineering,  and 
are  the  author  of  a  paper  on  "  The  Biolysis  of  Sewage," 
read  at  the  recent  Sanitary  Congress  held  in  Birmingham  ? 
— 13iat  is  so. 

3107.  What  experienoe  have  you  had  with  regard  to 
.    the  subject  matter  of  the  present  inquiry? — ^In  the  year 

1891  the  building  of  a  new  house  in  &e  country  afforded 
me  the  opportunity  for  making  experiments  upon  sewage 
purification  upon  a  practical  scale.  I  had  long  been  con- 
vinced that  nature  was  citable  of  dealing  with  the  entire 
waste  products  from  man  and  animals,  and  that  it  was 
only  necessary  to  supplement  her  methods  to  enable  her 
to  deal  with  tiie  special  difficulties  of  the  sewage  problem 
without  the  use  of  chemicals. 

3108.  What  led  you  to  form  this  opinion  ? — There  was 
no  literature  available  at  the  time  of  which  I  speak — ^in 
1891--or,  at  any  rate,  none  to  which  I  had  access,  but  I 
had  always  been  impressed  with  the  rapid  liquefaction  of 
organic  waste  products  in  long  lengths  ci  sewers. 

3109.  Have  you  anything  to  say  about  the  reports  issued 
from  time  to  time  by  tiie  State  Board  of  Health  of 
Massachusetts  ? — I  had  not  seen  nor  even  heard  of  them 
until  after  I  had  constructed  the  apparatus  for  dealing 
with  the  sewage  of  my  own  house. 

3110.  After  you  had  seen  them,  how  did  the  informa- 
tion they  contained  bear  upon  your  further  experiments  ? 
— ^They  were  principally  useful  to  me  as  confirming  the 
results  obtained  by  Warrington  in  his  investigation  on 
the  action  of  micro-organisms  in  the  upper  layers  of  culti- 
vated soils,  and  they  proved  that  somewhat  similar  pro- 
cesses were  at  work  in  the  case  of  sewage  passing  down- 
ward through  jyoperly  adrated  filters. 

3111.  Do  you  think  the  Massachusetts  experiments  ex- 
haustive of  all  the  problems  before  us  in  England  ? — ^My 
view  of  the  Massachusetts  experiments  is  that  they  were 
cnly  applicable  to  the  case  of  very  diluted  sewage  or  to 
sewage  from  which  the  grosser  organic  matters  in  sus- 
peusion  had  been  kept  back,  because  ordinary  sewage 
would  have  clogged  the  upper  surfaces  of  the  filters  so 
that  ther  would  have  ceased  to  act  altogether. 

3112.  Then  in  your  view  the  experiments  could  not 
embrace  the  whole  of  the  problems  that  we  have  to  deal 
with  on  this  Commission? — I  think  not.  I  had  assumed 
that  nature  was  capable  of  dealing  with  a!l  parts  of  the 
problem,  and  obviously  liquefaction  of  the  suspended 
organic  matters  would  have  to  be  a  condition  precedent 
to  any  treatment  in  downward  filters.     That  is  to  say,  if 

.   nature  was  to  be  the  sole  agent  independent  of  chemicals. 

3113.  Now  will  you  explain  the  nature  of  your  own 
apparatus  ? — ^Thc  apparatus  as  it  was  put  up  at  my  own 

,   hopse,  and  which  has  not  been  altered,  is  shown  on  the 


diagram  on  the  wall.  The  apparatus  at  Ashtead  is  shown, 
on  the  accompanying  drawing.  The  sewage  enters  and 
uiKcliarges  as  shown  by  the  arroics.  It  passes  through 
the  cliannel  and  beneath  the  grating  shown  in  the  sec- 
tional elevation  and  rises  to  the  level  of  the  outlet  pipes, 
where  it  overflows.  Instead  of  flints,  coke,  and  gravel, 
flints  alone  have  been  found  to  give  the  best  results. 

3114.  (J^rofessor  Foster.)  That  is  a  cross  section,  is  it?" 
— B  is  a  cross  section.  Bisins  through  this  grating  there 
is  a  complete  moving  away  of  the  products  of  fermenta- 
tion from  the  incoming  sewage.  Assuming  that  the 
bacterial  action  amongst  the  flints  is  Bonal  in  its 
character,  that  is  to  say,  that  there  are  different  oondi- 
tions  in  regard  to  aeration,  in  the  lower  stages  from 
those  higher  up  amongst  the  flints  then  aerobic  organisxufl 
would  always  be  moving  in  the  direction  of  the  fresh  food 
supply,  oil  the  other  hand,  as  they  rob  Uie  sewage  of 
oxygen  you  get  a  zone  in  which  tke  oxygen  becomes 
totally  consumed.  Supposing  the  conditions  remained 
quite  regular  you  would  have  zones  becoming  more  and 
more  anaerobic  in  character  towards  the  top  of  the  flints. 
The  advantage  of  this  apparatus  arose  from  the  fact  that 
there  is  no  part  of  it  unaffected  by  the  general  move- 
ment of  the  sewage,  eo  that  if  the  conditions  remain  eon- 
stent  you  have  zones  representing  different  stages  of  de- 
composition each  having  organisms  best  capable  of  cany- 
inj^  on  the  work. 

3115.  That  is  filled  with   stone 9— Large   stones;    no- 
attempt  at  filtration. 

3116.  (Professor  Bamsay.)  What  depth,  please?— This, 
was  about  twenty  inches. 

3117.  (Mr.  KUlick.)  Flints,  I  think  you  said  ?— FUnts, 
ves,  I  tried  various  materials,  but  flints  were  the  best. 

3118.  (Professor  Foster.)  Because  they  were  the  most 
stable  ;  they  did  not  change  ? — Well,  at  a  very  early  period 
in  these  experiments  I  was  able  to  point  out  the  advan- 
tages and  disadvantages  of  coke,  for  instance  in  the  case 
of  a  water-logged  filter. 

3119.  But  your  object  is  to  get  your  material  inert  I 
utean  in  inert  pieces? — Quite  so,  but  it  would  not  be 
altogether  inert  in  the  case  of  various  substances  like 
coke,  because  there  is  no  doubt  coke  would  become  satu- 
rated with  the  products  of  the  organisms,  and  you  would 
get  toxic  conditions  arising  which  would  be  unfavourable 
to  bacterial  activity.  I  gave  up  coke  because  I  had  every 
reason  to  suppose  that  it  became  more  saturated  than  a 
solid  material,  like  flints,  which  simply  formed  a  surface 
for  the  organismas  to  work  upon.  The  effluent  from 
this  process  was  invariably  without  oxygen  ;  there  was 
no  free  oxygen  available  at  all,  so  that  the  process  was 
practically  anaerobic,  although  it  had  an  open  surf  see 
at  the  top.  This  apparatus  was  so  simple  that  it  led 
evoiyone  to  suppose  that  choking  would  take  place  a^  a 
matter  of  course.  The  channel  beneath  the  grating  was 
only  alxHit  five  cubic  feet  altogether.  Now,  no  choking 
took  place,  and  a  gradual  improvement  went  on  in  the 
effluont     At  the  end  of  a  year  I  found  the  efiDlucnt  almost 
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spaikling  M  it  came  away,  and  then  I  made  up  my  mind 
that  I  had  really  provided  some  very  material  condition 
■of  sncoess.  I  found  by  experiment  that  the  effluent  was 
capable  of  breaking  down  foBcal  matter  into  a  granular 
luass  in  about  seven  minutes. 

3120.  At  what  temperature  ^At  the  ordinary  tempera- 
ture of  the  sewage.  Making  the  same  experiment  with 
tap  water,  I  found  there  was  very  little  change  in 
twenty-four  hours.  It  was  net  reasonable  to  suppose 
that  tiiis  active  condition  could  arise  from  the  work  of  the 
organisms  themselves.  They  could  not  have  propagated 
at  anything  like  that  rate,  and  I  therefore  came  to  the 
•conclusion  that  there  was  a  very  active  agent  in  the 
enzymes  of  this  anaerobic  fermentation. 

3121.  (Chairman.)  I  gather  you  were  rather  surprised 
at  the  results  ? — ^Yes.  I  was  very  much  surprised  because 
I  had  not  expected  them. 

3122.  (Frofensor  JRamsay,)  Did  solid  matter  go  into  that 
under-channel  ? — ^Everything  with  the  exception  of  grease, 
which  I  will  refer  to  presently. 

3123.  (Professor  Foster.)  Tou  stopped  the  grease  t— 
Tea.     I  refer  to  that  as  an  important  element. 

3134.  (ChairmanJ)  Then  you  came  to  the  conclusion 
that  the  apparatus  you  had  constructed  did  aid  nature 
very  materially  in  carrying;  out  what  you  looked  upon 
«s  a  necessary  preliminary  in  the  way  of  liquefaction  Y-— I 
did  come  to  that  condusion. 

3136.  Were  there  any  points  that  required  attention  in 
order  to  obtain  these  results  ? — ^I  found  it  necessary  to  keep 
bock  all  grease  in  a  properly  constructed  grease  trap. 

3136.  In  what  way  did  the  grease  inteifere  with  the 
process  of  liquefaction  ? — ^It  principally  interfered  with  it 
by  mechanically  arresting  the  whole  process  as  the  orga- 
nisms seemed  to  be  quite  incapable  of  carrying  on  their 
work  in  a  greasy  medium. 

3127.  And  did  you  find  any  difficulty  in  keeping  back 
the  grease  ? — None  whatever — ^a  good  grease  trap  was  all 
that  was  necessary. 

3128.  Does  your  further  experience  lead  you  to  believe 
that  this  difficulty  of  the  grease  would  be  a  serioua  one  in 
the  case  of  large  installations  ? — The  difficulty  seems  not 
to  occur  in  the  case  of  large  installations,  because  the 
-grease  appears  to  be  sufficiently  broken  up  in  the  passage 
of  sewage  through  long  lengths  of  eewers.  It  is  emnl- 
-aified,  and  does  not  appear  in  the  form  of  a  mechanical 
elogging  of  the  process.    That  is  my  experienoe. 

3129.  What  about  the  case  of  trade  refuse,  which  may 
•contain  a  large  quantity  of  grease  ? — ^In  thoee  cases  some 

special  provinon  should  be  made. 

3130.  Bv  providing  the  means  for  the  removal  of  the 
-grease  ? — ^I  think  that  in  all  oommunitiea  the  grease  should 
he  arrested  as  near  as  possible  at  the  point  of  ite  dis- 
^charge— in  the  case  of  houses  l^  grease  teaps,  and  in  the 
ease  of  manufactories  by  eome  similar  appliance.  I  mean 
factories  producing  grease. 

3131.  In  point  of  fact,  your  opinion  is  that  greaee  repre- 
■sents  difficulties  of  a  special  character  ? — That  is  my  view, 
yes.  I  look  up<»i  grease,  both  from  resident-'al  and  manu- 
facturing communities  as  a  matter  that  should  be  dealt 
with  separately. 

3132.  And  that  special  arran^ments  shouM  be  made 
for  it? — Yes,  I  think  so.  I  think,  if  I  may  say  so,  that 
in  aU  cases  it  would  more  than  pay  for  the  C3st  of  collec- 
tion, and  it  is  certeinly  a  stendmg  nuisance  in  the  areas 
of  the  better  class  of  houses  in  all  our  towns. 

3133.  Do  you  refer  only  to  grease  that  has  been  inter- 
cepted before  being  mixed  up  with  the  sewage  system  in 
any  way  ? — Certaimy,  yes. 

3134.  And  do  I  understand  that  as  far  as  your  baoterio- 
loffical  processes  are  concerned,  you  have  found  no  diffi- 
•cmty  when  the  grease  has  passed  with  die  sewage  along 
tx>nsidereble  distances  7— ^No,  in  these  cases  it  is  suffi- 
ciently emulsified,  and  the  buteric  fermentetion  seems 
quite  capable  of  dealing  with  it.  It  d6es  not  present  itself 
in  any  form  that  is  hurtful  to  the  process. 

3136.  How  does  the  buteric  fermentetion  deal  with  it  ? 
— Well,  first  of  all  you  get  a  conversion  into  fatty  acids, 
and  later  yuu  get  carbonic  aoid  and  water.  I  mean  to 
«ay  it  disappears  altogether  as  grease. 

3136.  In  dealing  with  the  sewage  in  your  apparatus 
what  amount  of  sludge  did  you  find  ? — In  the  case  of  a 
single  house  the  inorganic  detritus  was,  of  course,  very 
-uoall ;  my  experience  throughout,  and  without  any  excep- 
tion, is  that  the  organic  alndge  is  quite  a  negligeaue 
quantity. 


3137.  (Frofessor  Foster,)  Compared  with  the  inorganic  I  ^''jJJ^^- 
—The  organic  sludge  is  quite  a  negligeable  quantity.  MM»tig. 
That  is  an  invariable  experience.  — 

3138.  (Chairman.)  How  have  you  dealt  with  it  at  your  •  — 1- 
house  as  Ashtead,  for  instance  ?— The  whole  sludge  of  the 

last  seven  years  ha«  been  absorbed  upon  a  piece  of  land 
not  more  than  about  9ft.  by  9ft.,  or  nine  superficial  yards, 
and  there  is  no  distinction  in  appearance  between  this 
soil  and  the  soil  surrounding  it.  There  is  no  evidence  of 
sludge  in  any  way. 

3139.  Now,  may  I  ask  where  that  land  is  situated  ?— 
Immediately  opposite  the  apparatus;  it  is  contiguous 
to  it. 

3140.  It  is  contiguous  to  the  appaaratus  % — ^It  is  the  actual 
plot  of  land  upon  which  the  apparatus  is  placed. 

3141.  Is  there  any  provision  in  your  apparatus  to  pre- 
vent the  sludge  getting  into  your  cultivating  tank  f-^No, 
none  whatever  ;  it  simply  does  not  exist  in  the  ordinary 
meaning  of  the  term  sludge. 

3142.  I  do  not  quite  understand.  Does  the  sludge  stop 
on  this  bit  of  land  tiiat  you  speak  of  ?— It  disappears ;  it 
is  absorbed  in  the  land.  It  takes  the  form  of  .humus, 
and  any  sand,  any  inorganic  matter,  simply  becomes  ideo- 
tical  with  the  soil  in  the  form  of  sand  or  silica. 

3143.  (Frofessor  Fo.%ter.)  Where  do  you  take  out  your 
sh^dge? — From  the  valve  or  penntock  shown  on  the  ac- 
companying drawing. 

3144.  That  first  bed  ?— That  first  bed,  yes.  At  Ashtead 
it  is  done  by  means  of  a  chain  pump  at  intervals  of  two 
or  three  months,  whatever  it  may  be.  There  is  a  gradual 
accumulation — a  very  gradual  accumulation— -of  the 
organic  detritus  of  the  system  whidi  takes  the  form  of 
humus. 

3145.  Do  I  understand  the  sludo^e  ^'s  there? — ^It  falls 
(showing  on  diagram)  into  the  sump  A  when  the  penstock 
B  is  opened. 

3146.  It  falls  back  there  before  the  material  goes  into 
vour  channel  here  ? — ^The  whole  of  the  sewage  enters  the 
channel  beneath  the  grating  shown  on  the  accompanying 
drawing. 

3147.  But  you  say  you  teke  your  sludge  out  here.  How 
does  the  sludge  get  in  th^re  before  you  take  it  out  7— It 
is  formed  from  the  sewage  gradually. 

3148.  (Chairman,)  The  whole  sewage  goes  through  a 
pipe  ? — ^That  is,  the  whole  sewage  passes  down  the  pipe 
and  into  the  channel  beneath  the  grating  pipe,  and  what 
was  sewage  yields  a  certain  amount  of  insoluble  humus 
or  riudge,  and  what  is  not  sludge  may  be  spoken  of  as 
sewage. 

(Mr,  KiUick.)  Mark  where  the  sewage  enters,  because 
I  must  say  I  am  not  quite  dear. 

(Frofessor  Foster.)  Add  an  expos^ 

3149.  (Mr.  KUlick.)  Begin  at  the  beginning  and  follow 
the  sewage? — ^That  practically  is  the  Ashtead  arrange- 
ment. (Pointing  to  the  diagram,)  This  is  a  penstock 
(indicating),  and  that  is  a  sump.  The  penstock  prevento 
a  discharge. 

3150.  Ib  this  a  surface  plan ;  are  we  looking  down  on 
it  ? — "So,  this  is  a  longitudmal  section.  Everything  comes 
down  unstrained  in  any  way  except  the  grease,  which,  is 
kept  back  in  the  grease  trap.  It  then  descends  here, 
and  this  is  the  grating,  of  which  that  is  a  croes  section. 
(Foiniing  to  the  diagram  on  the  vndl,)  Well,  that  being 
the  grating,  you  cannot  make  any  distinction  between 
ahidge  and  sewage,  which  are  simply  mixed  up  herSi  the 
sewage  coming  in  here,  and  rising  in  tins  direction. 

3151.  The  sewage  rises  then  ?— ^e  eewage  rises  there, 
throuffh  these  flinto  and  overflowsT— At  the  level  of  the 
overflows  it  can  be  taken  off  either  at  the  side  or  at  the 
end. 

3152.  And  stopped  here? — ^The  process  goes  on,  the 
sewage  rising  through  the  grating  and  flinte  and  escaping, 
the  whole  capacity  of  the  tank  being  about  one  day's 
discharge  of  sewage. 

3153.  Do  you  keep  the  penstock  down  for  a  day  I— Oh 
no,  for  months.  .  The  paper  and  foeces  and  all  the  dis- 
charge of  the  household  passes  in  here  and  is  liquefied ; 
it  disappears,  it  goes  off  in  solution,  into  a  liquid. 

3154.  (Chairman,)  This  is  a  closed  pipe  ?— Yes,  that. 

3155.  The  paper  dc  es  not  choke  the  grating  ?— No,  it 
ffoes  on  for  months  aiid  months.  If  there  is  any  aign  of 
choking  all  tliat  is  dune  is  to  open  the  valve  or  penstock 
B  and  pump  the  contents  of  the  tank  m  to  a  piece  of 
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Mr.  WD.  ffTouiid.    The  whole  sludge  of  seyen  years  has  gone  on 
Scott      ^  piece  of  ground  less  than  the  size  of  this  table. 

—  3156.  It  is  not  the  sludge  that  is  pumped  out  there,  it 

14  Dec.  1808.  .^  ^j^^  j^^j^  ^^^  ^  pumped  out  there  ?— No. 

3157.  What  settles  in  the  dip ;  this  is  the  sludge  ?— 
That  is  the  riudge,  yes ;  it  is  discharged  at  intervals  of 
two  mohtl.s  OT  so  over  a  piece  of  ground.  That  is  totally 
different  from  the  effluent. 

3158.  That  is  what  you  call  the  sludge  ?— Yes. 

3159.  It  is  the  material  passing  through  there  which 
has  not  been  digested  9 — Quite  so,  and  never  will  be 
digested.  It  is  the  detritus  of  the  process,  in  fact.  It 
hM  so  much  of  the  character  of  humus  that  in  throwing 
out  flints  that  have  been  in  use  for  a  couple  of  years,  and 
exposing  them  for  a  time,  you  could  not  tell  there  had 
been  any  filth  among  the  stones,  it  is  like  a  very  fine 
(treasy  garden  mould  ;  like  the  soil  of  a  worm  cast. 

3160.  What  you  have  at  the  •bottom  here,  the  organic 
detritus,  is  a  thick,  black  looking  stuff  i — ^That  is  so.  Of 
course,  it  comes  away  with  a  gush  along  with  the  un- 
digested sewage ;  the  entire  contents  of  the  tank  being 
pumped  on  to  a  piece  of  land  every  two  months  or  so  asi 
described.  The  discharge  is  so  infrequent  that  between 
each  there  is  time  for  the  soil  to  completely  assimilate  the 
organic  matter. 

3161.  {Mr.  KiUick,)  There  must  be  Bome  inorganic 
detritus  here,  too? — Oh,  no  doubts 

3162.  (Professor  Foster.)  It  is  only  your  own  house  t — 
Yes. 

3163.  Is  that  offensive? — ^The  discharge  from  the  pen- 
stock is  offensive,  but  this  soon  passes  off.  and  it  can  of 
course  have  earth  thrown  over  it. 

3164.  (CJioirman.)  The  detritus  at  the  bottom  here  is 
excluded  from  afl  air,  I  suppose  ? — ^Yes,  there  is  no  at- 
tempi/  at  aeration  of  any  sort ;  there  was  in  my  earlier 
experiments,  but  not  now. 

3165.  Having  got  so  far,  what  are  the  furth<er  steps 
you  take  towards  thei  solution  of  the  problem?— In  the 
autumn  of  1892  I  put  myself  in  communication  with  Dr. 
Sims  Woodhead,  and  explained  to  him  the  nature  of  the 
work  I  had  been  doing.  He  encouraged  me  to  go  on 
with  it,  And  I  found  the  greatest  possible  assistance  from 
his  text  book  upon  "  IBUicteria,''  which  was  published 
about  this  time.  On  looking  about  for  explanations  of 
the  causes  which  were  at  work,  I  found  the  monumental 
work  of  Pasteur  upon,  fermentation  ready  to  my  hand, 
and  I  also  found  that  Dr.  Sims  Woodhead  had  broufl;ht 
together  and  focussed  the  available  knowledge  of  the  time 
90  as  to  make  it  intelligible  to  a  layman  ISke  myself.  I 
xh«n  made  quite  sure  that  however  insignificant  my  own 
share  might  be  in  the  solution  of  the  problem,  that  I  was 
fairly  on  the  right  road  towards  its  complete  soluticm.  I 
thisn  put  up  a  laboratory  close  to  the  "  cultivation  tank  " 
at  Ashtead,  and  provided  it  with  tlTe  necessary  bacterio- 
logical and  chemical  apparatus  for  carrying  on  a  sustained 
investigation.  Throneh  the  kind  assistance  of  Dr.  Sims 
Woodhead  I  was  able  to  secure  the  services  of  Dr. 
Houston,  and  together  we  set  to  work  to  find  out  what 
was  going  on. 

3166.  I  want  to  make  quite  certain  what  is  it  that  you 
call  the  cultivation  tank  ?-— Well,  it  was  called  a  cultiva- 
tion tank  because  those  surfaces  provided  the  means  for 
the  permanent  residence,  as  it  were,  of  large  numbers  of 
liquefying  organisms. 

3167.  This  is  the  cultivation  tank,  the  whole  of  this? 
(Pointing  to  the  dtagram  marked  section  C  D), — Yes. 

3i68.  (Professor  Foster.)  Did  the  results  of  this  in- 
vestigation appear  anywhere? — ^In  a  report  by  Dr. 
Houston  in  1893. 

3169.  Where  does  that  i^pear;  was  it. published  I 
mean  ? — ^It  was  published. 

3170.  Where  ? — ^It  was  published  by.  Waterlow  Bros, 
and  Layton,  and  I  have  copies  for  the  members  of  the 
Commission.  Of  course,  this  report  dealt  with  an  early 
stage  of  the  subject. 

3171.  (Chairman.)  What  date  was  that?-— That  was  in 
1893,  my  lord. 

3172.  And  that  is  comparatively  early  ija  the  literature  7 
— ^I  believe  it  is  the  first  literature  that  exists  dealing  with 
the  quesUon  as  a  whole. 

3173.  How  do  you  mean  dealing  with  the  question  as 
a  whole? — ^Without  previous  denotition'  oz:  tiie  use  -of 


chemicals,  and  with  the  preliminary  hydrolysis  by  micro- 
organisms of  the  grosser  organic  masters  which  is  not- 
referred  to  in  the  Massachusetts  reports. 

3174.  I  believe  that  at  a  very  early  period  in  your  ex- 
periments you  made  up  your  minds  that  the  process- 
should  be  cUvided  into  two  sections,  in  th<e  first  of  whiclt 
the  organic  matter  should  be  liquefied.  What  further 
steps  did  you  take  to  improve  the  effluent  ? — ^The  object  I' 
aimed  at  was  to  get  from  the  first  tanks  as  good  an 
effluent  as  possible,  and  in  order  to  improve  its  appear- 
ance I  duplicated  them,  and  used  them  alternately. 

3175.  And  what  was  the  result  of  that  7 — ^By  aStating'. 
and  resting  the  tanks  I  was  able  to  get  a  more  clear  and 
less  offensive  effluent,  but  there  wad  practically  no  nitri- 
fication, and  it  soon  became  evident  that  the  furthest  step- 
that  could  be  made  from  a  chemical  point  of  view  was  thia 
conversion  of  the  nitrogenous  organic  compounds  con- 
tained  in  the  sewage  into  nitrogen  as  free  ammonia  by 
tho  passage  through  the  cultivation  tanks.    That  is  to* 
say,  that  any  attempt  at  getting  nitrification  from  tat 
arrangement  of  that  sort  proved  futile. 

3176.  Did  you  look  on  the  duplication  or  grouping  of 
the  tanks  in  which  the  bacteriological  action  took  pdace 
as   of   imp(Mrtance? — At   that   time,  and  still,    it  doer- 
embody  a  very  important  principle,  because  if  you  are 
going  to  get  nitrification  by  any  arrangement  of  that 
sort,  resting  by  mean^  of  duplicating  or  grouping  is  abso- 
lutely essential  to  obtain  any  resulU  worth  speaking  of. 
Duplication  was  taken  up  by  Mr.  Dibdin,  and  afterwards^ 
by  Mr.  Cameron.    In  1893  I  recognised  it  as  necessary, 
but  I  also  found  out  that  at  any  rate  in  dealing  with  crude- 
sewage   the   first   operation    should  be  of  an  anafirobio- 
character,  and  that  duplicating  and  resting  would  only 
give  favourable  results  upon  the  effluent  obtained  from 
the  preliminary  anaerobic   change,    and   also   that  the 
nitrification  would  be  nearly  proportional,  within  certaiir 
limits,  to  the  amount  of  aeration  obtained  from  duplicatizig' 
and  resting. 

3177.  Did  you  try  to  obtain  nitrification  by  pasang  the 
effluent  through  open  channels  containing  coke? — Yes. 
The  idea  was  to  provide  some  means  of  aeration,  and  th» 
one  that  occurred  to  me  was  to  pass  that  effluent  ohrougn 
iong  obannels,  half  pipes  exposed  to  the  air,  and  con*- 
uiining  coke.     One  of  these,  the  first  I  made,  was  only 
30  feet  long.     Another  one  was  80  feet  long,  and  estima- 
tions were  made  of  the  difference  between  the  effluents 
from  the  cultivation  tank  and  the  effluent  that  came* 
away  from  the  end  of  those  nitrifying  channels,  as  I 
called  them  at  the  time.    But  the  effect  of  these  was  not 
satisfactory  ;  the  nitrification  bore  a  very  small  relation 
to  the  total  nitrogen  compounds  of  the  effluent  in  solutiqu. 

.  3178.  Now  at  your  own  house  you  have  more  than  one* 
of  those  cultivating  tanks? — Yes,  that  is  so. 

3179.  And  have  you  put  up  that  system  anywhere 
but  at  your  own  house? — ^Yes.     The  effluent  obtained' 
from  that  represented  at  the  time  rather  a  remarkable 
result,  because  there  was  the  practical  disappearance  ;#f ' 
riudge,  and  there  was   also  an   effluent   obtained   that 
was  very  much  more  easily  dealt  with  upon  land  for  in- 
stance than  crude  sewage,  and  I  put  up  various  installa- 
tions, one  or  two  in  Sussex,  three  in  Surrey,  and  so  on  ^ 
some  hall-a-dozen   installations  altogether.       That  was* 
about  the  year  1893,  and  the  experience  obtained  froni 
those  was  invariable  as  regards  the  liquefaction  •>f  Ihe^ 
organic  matter,  and  the  practical  disannearance  of  sludge. . 
Tliere  was  no  exception  at  all. 

3180.  You  put  up  an  installation  for  the  town  of  Tow- 
cester,  did  you  not  ?— Yes  ;  I  put  up  an  installation  fcr 
tho  town  of  Towcester  in  1893,  taking  the  discharge  from 
what  I  was  informed  was  1,000  inhabitants,  but  I  fimcd 
out  afterwards  that  there  were  only  eighty  water-closets 
connected  to  it. 

318JL.  Did  this  installation  consist  of  duplicate  sets  of' 
cultivation  tanks  and  nitrifying  channels? — ^Yes. 

3182.  Does    your    nitrifying    channel    come    in? — It 
is  not  shown  there  at  all  (indicating  dictgrams).       The- 
nitrifying  channel  in  the  case  of  Towcester  consisted  uf  a 
wide  shallow  channel  immediately  following  after  the  cul- 
tivation tank.     At  Ashtead  it  was  simply  a  half-chaonel' 
pipe  filled  with  coke,  running  for  a  considerable  distance. 

31Q3.  And  the  e^uent  from  the  tank  went  along'  this-^ 
nitrifying  channel? — Along  this  nitrifying  channel. 

3184.  And  what  results  were  obtained  at  Towcester? — 
So  far  as  the  pollution  of  the  river  by  the  discharge  of* 
the  effluent  was  concerned  there  could  be  no  objection 
made,  because  there  were  no  signs  of  poUntion  either  fron^ 
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smell  or  appearance  ;  uj  fact  it  was  notice<l  that  tho  dilch, 
which  contained  a  considerable  body  of  backwater  from 
the  river,  was  clearer  below  the  point  of  discharge  iliftii 
above  it.  Dr.  Sims  Woodhead  kindly  went  clown,  aii.l 
made  out  an  elaborate  report,  which  I  believe  represented 
the  high  water  mark  of  the  available  knowledge  at  tlio 
time. 

3185.  What  is  your  present  opinion  with  reganl  to  this 
Towcester  installation  ?— Even  judging  it  from  the  stand- 
point of  the  present  time  I  think  it  was  a  fairly  satis. 
factory  solution  of  the  problem  for  a  community  like 
Towcester,  that  is  to  say,  a  small  community  living  on  ihe 
banks  of  a  stream,  containing  a  large  body  of  water  not 
used  for  drinking  purposes,  and  I  understand  they  have 
been  in  great  trouble  ever  since  with  a  small  sewage  Jarm. 

3186.  In  what  respect  do  you  consider  it  was  satisfac- 
tory ? — ^I  think  the  analysis  of  the  brook  showed  that  there 
was  very  little  to  complain  of  in  the  way  of  poUuliion. 

3187.  Was  it  to  the  analyses  of  this  effluent  and  tlie 
brook  water  to  which  you  referred  in  the  paper  you  read 
before  the  recent  Sanitary  Congress  at  Birmingham? — 
Tes  ;  and  my  views  with  regard  to  these  analyses  are 
given  in  that  paper.  If  the  members  of  the  Commission 
would  kindly  refer  to  the  copies  of  the  Birmingham  paper 
they  will  iind  the  analyses.  Tou  will  find  it  on  page  5. 
Perhaps,  my  Lord,  you  would  allow  me,  as  the  most 
satisfactory  evidence  that  I  can  give  upon  this  point,  to 
make  use  of  the  paper  itself,  if  I  may. 

3188.  Certainly? — Then  if  the  members  of  the  Com- 
mission would  kindly  refer  to  the  beginning  of  the 
paragraph  beginning  "  The  invariable  results." 

3189.  (Professor  Foster.)  Which  page? — On  page  4.  i 
think  that  in  answer  to  one  or  two  questions  1  have  ju^i. 
said  that  the  liquefaction  was  an  invariable  experience.  I 
then  deal  with  this  very  important  analysis,  which  was 
really  a  turning  point  in  my  views  of  the  process  :  ^'  The 
invariable  results  obtained  from  several  installations  of  this 
apparatus  proved  that  practically  complete  liquefaction  of 
the  organic  matter  could  be  obtained  without  trouble  of 
any  kind,  and  that  the  amount  of  organic  sludge  was  a 
negligable  quantity.  Where  there  was  inorganic  detritus  it 
had  of  course  to  be  provided  for  by  deposition  in  the  or- 
dinary way  in  a  sump  or  catchpit.  It  remained  to  be 
found  out  whether  or  not  the  breaking  up  of  the  organic 
matter  which  occurred  in  the  "  cultivation"  tank  wan 
carried  sufficiently  far  to  ensure  its  complete  mineralisation 
under  natural  conditions."  I  might  word  that  slightly 
diilerently,  and  say  it  remained  to  be  found  out  whether 
or  not  the  breaking  up  of  the  organic  matter  which  oc^ 
curred  in  the  cultivation  tank  was  carried  sufficiently  far 
to  enable  one  to  make  sure  that  under  favourable  natural 
conditions  complete  mineralisation  would  occur.  Perhaps 
it  might  be  a  little  better  expressed  in  that  way. 

3190.  What  do  you  mean  by  "complete  mineralisa- 
tion"?— Complete  nitrification  of  residual  nitrogenous 
organic  matter.  "By  some  convenient  and  inexpensive 
apparatus,  and  thia  part  of  the  problem  I  found  to  be 
the  most  difficult."  In  other  words,  the  process  of  lique- 
faction throughout  seemed  to  come  almost  by  itself  ;  there 
seemed  to  be  no  exception  to  the  comparative  ease  vath 
which  that  occurred.  Before  I  go  on,  if  the  members  of 
the  Commission  would  kindly  refer  to  the  bottom  of  page 
2,  they  will  find  a  passage  which  bears  very  immediately 
upon  this  subject :  "  SMr  Edward  Frankland  in  a  summary 
of  the  work  done  in  the  laboratory  of  the  Boyal  Commission 
on  Bivers  Pollution,  says  :  ^  All  classes  of  processes  are  to  a 
great  extent  successful  in  removing  polluting  organic  mat- 
ter in  suspension.  .  .  .  but  the  getting  rid  of  sus^ 
peuded  matters  is  a  simple  problem  compared  with  the 
removal  of  organic  matters  in  solution.'  Thia  was  written 
years  before  the  employment  of  micro-organisms  had  taken 
a  tangible  form.  It  was  a  strong  argument  for  the  removal 
of  as  much  suspended  matter  as  possible  so  that  tho  or- 
f^^anic  matters  in  solution  might  be  reduced  in  quantitv 
and  more  easily  disposed  of."  That  is  to  say,  dividing 
the  problem  into  two  parts,  one  of  which  was  compira- 
tively  easy,  and  one  the  most  difficult,  my  experience  has 
been  exactly  the  sa;ne  as  the  experience  of  the  earlier 
workers,  viz.,  that  getting  the  organic  matter  into  solution 
was  comparatively  easy,  but  the  argument  that  was  drawn 
from  the  fact  of  its  being  very  difficult  to  get  to 
matters  that  were  in  solution,  broken  down,  led 
to  the  belief  that  they  should  be  reduced  so  much 
in  quantity  as  possible  by  deposition  in  the  form 
of  sludge.  "This  opinion  becoming  widely  embr^^'id 
by  those  responsible  for  the  carrving  out  of  scwaece  -=-'^''«:.s 
led  to  the  general  adoption  of  precipitation  of  tho  sus- 
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pended  matters  by  chemicals  as  a  cardinal  preliminary   jif,.,  |^',  /> 
to  all  further  treatment.     Wliatever  views  may  be  he*d    j,^~".-. 
by  Sir  Kdward  Frankland  in  the  light  of  recent  develop-   ^*>^y' 
ments  there  is  little  doubt  that  he  wouid  have  looKed  upon  14  Dec,  isw. 
the  bacterial  treatment  of  sewage,  at  the  time  of  the 
Rivers  Pollution  Commission,  wion  auytumg  but  favour 
if  he  had  understood  that  the  first  step  in  the  process 
was  to  throw  the  whole  of  the  organic  matters  into  solu- 
tion.    Tliis  would  appear  on  the  lace  of  it  to  be  opposed 
to  all  tiie  provauing  beliefs  because  it  seemed  to  add  tu 
the  difficulty  of  dealing   with  what  was  generally  ad- 
mitted to  be  the  most  difficult  part  of  the  process." 

"We     now     know     that     the     question     altogether 
hinges    not    upon    the    amount    of    organic    matter    in 
solution,   but  upon  its  instability    and   susceptibihty  to 
further  and  rapid  changes  in  the  direction  of  complete 
mineralisation,  and  we  also  know  that  this  condition  of 
instability  can  be  much  more  easily  produced  by  biolysis 
than  by  any  artificial  chemical  means.     As  to  the  relative 
difficulty  between  the  first  and  second  stages  of  the  process 
indicated  by  Dr.  Frankland  and  very  generally  accepted, 
it  is  evident  that  if  the  process  of  throwing  the  matters 
into  solution  by  a  bacterial  fermentation  produced  the 
necessary  amount  of  instability  required   for   a   further 
natural  process  of  mineralisation,  the  problem  would  be 
solved  if  this  process  could  be  completed.     There  would 
be  no  sludge,  and  there  would  be  a  theoretically  periect 
fertilising  medium  with  all  the  original  organic  matter 
decomposed  into  the  form  most  readily   assimilated    by 
plants."     Of  course,  it  was  very  important  to  find  out  as 
to  whether  as  a  matter  of  fact  this  preliminary  change  was 
sufficient  or  not,  and  if  you  will  kindly  refer  to  the  analysis 
upon  page  5  you  will  find  what  occurred.       It  will  be 
noticed  that  the  ratio  of  dilution  can  be  estimated  from 
the  amount  of  chlorine  contained  first  in  the  effluent. 
and  next  in  the  brook  water  taken  five  yards  from  th« 
effluent  outlet,  and  also  in  the  brook    water   taken   at 
about  30  yards  further  down.     Taking  the  chlorine  con- 
tained as  an  estimation  of  the  strength  of  the  sewage, 
it  will  be  noticed  that  whole  the  dilution  was  about  as  3 
to  1,  the  fall  in  the  quantity  of  albuminoid  ammonia  was 
from  -25  to  -035,  or  about  as  7  to  1,  and  the  free  ammonia 
was  about  20  to  1.    That  is  to  say,  under  a  condition  of  great 
bacterial  activity  no  doubt  existing  in  the  water  of  this  par- 
ticular ditch,  and  also  a  fair  amount  of  free  oxygen,  there 
was  a  midden  fall  in  the  amount  of  unoxidised  organic 
nitrogen  in  the  case  of  albuminoid  from  -25  to  -036  and  free 
ammonia  from  20  to  1,  while  that  part  of  this  change  which 
can  be  referred  to  the  dilution  itself  was  only  3  to  1. 
"  This  proved  beyond  doubt  that  the  organic  matter  con- 
tained in  the  effluent  from  the  *  cultivation '  tank  was 
capable  of  being  rapidly  oxidised  in  the  stream,    and 
from  this  I  argued  that  if  channels  could  be  provided  with 
the  same  amount  of  dilution,  they  would  be  all  that  was 
necessary  to  give  similar  results."     That  is  to  say,  that 
instead  of  taking  the  natural  back  water  in  the  ditch, 
which    might  be  spoken  of  as  water  that  should  not  be 
polluted,   you  took  an  artificial  trench  as  part  of  your 
apparatus,  you  would  of  course  get  the  same  results.  "  The 
chemists,  however,  insisted  upon  judging  the  process  from 
the  analysis  of  the  effluent  as  it  escaped  from  the  *  cultiva- 
tion* tanks.     The  argument  about  the  instability  of  the 
organic  matter  was  never  entertained  at  aE,  and  although 
in  the  case  above  referred  to,  there  could  be  no  reason- 
able objection  made  to  the  water  that  was  passed  into  the 
river,  they  said  that  the  process  must  be  judged  from  the 
results  obtained  from  the  apparatus  itself."    That  is  to 
say,  I  was  judged  from  an  effluent  containing  a  large 
quantity  of  organic  matter  in  solution,  and  the  argument 
that  this  was  in  a  great  state  of  instability  as  proved  by 
this  analysis  was  not  listened  to  at  all. 

3191.  {Chairman,)  May  I  just  interrupt  3rou  for  one 
moment.  Does  the  rain  wat^r  that  falls  in  your  own  house 
enter  into  your  sewer  ? — No,  not  at  all. 

3192.  Supposing  you  put  three  times  as  much  rain, 
water  with  your  sewage,  according  to  your  theory  would 
the  same  thing  happen  that  happened  in  the  ditch  at  Tow- 
cester ? — ^Not  at  all,  my  Lord,  not  at  all,  because  the  first 
thing  that  would  happen  would  be  this :  that  the  oxygen 
available  in  the  rain  water  would  be  all  consumed,  by  the 
anaerobic  changes  going  on  in  the  tank.  It  would  be 
thrown  away  ;  it  would  not  be  available,  certainly  not ; 
it  would  be  used  up  by  the  organisms.  The  fact  of 
adding  a  large  quantity  of  rain  water  would  be  that  no 
doubt  you  would  raise  the  level  of  the  afirobic  zone  a 
little  higher  in  the  tank,  but  the  oxygen,  unless  it  was  a 
very  large  quantity,  would  all  be  gone  before  tlie  sewage 
escaped  from  the  tank. 
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3193.  {Mr,  KUlick,)  The  diluiion  must  take  place  after 
tie  effluent  has  been  hydrolyeed  ? — Yes. 

3194.  In    that   cultivating    tank?— Quite   so.      "This 
impressed    me    more    than    ever    with    the    necessity 
for  providing  more   highly   oxidising  conditions.      Ac- 
cepting the  analysis  of  the  diluted  effluent  as  a  proof 
that  the  first  stage  of  anaerobic  fermentation  was  suffi- 
cient to  produce  the  required  amount  of  instability  in  the 
organic  content  of  the  effluent,  it  was  evident  that  in 
sewage  containing  &  certain  amount  of  free  oxygen  the 
first  changes  that  occurred  would  be  aerobic  in  chiiracter, 
and  even  when  all  avaiilable  oxygen  was  absent,  it  only 
showed  that  it  had  been  used  up  and  that  some  hydrolytic 
change  had  occurred  as  a  consequence."     Presuming  that 
there  is  any  available  oxygen  in  the  sewage  at  all,  the  first 
thing  that  will  happen  under  any  process  that  is  bacterio- 
logical in  character  will  be  that  there  must  be  very  active 
cl^nges  going  on,  produced  by  the  organisms  that  use  up 
the  oxygen  of  the  water  employed  for  flushing  closets,  etc. 
That  is  to  say,  that  although  you  may  take  a  sample  of 
sewage  and  find  that  there  is  no  available  oxygen  in  it,  still 
the  very  disappearance  ol  that  oxygen  represents  very 
active  changes  that  have  been  going  on  amongst  actively 
liquefying  organisms  that  have  used  it  up,  and  therefore 
looking  at  the  process  as  a  whole  I  think  we  are  quite 
justified  in  looking  upon  it  as  aerobic  to   b^in   with, 
because  you  get  active  liquefaction  taking  place  in  the 
sewers,  the  available  oxygen  bedng  used  up  preliminary 
to  any  anaerobic  change  which  may  be  advisable  after- 
wards.    "The  process  as  a  whole  must  then  consist  of 
several    stages,    in    the    first    of    which    the   Available 
oxygen  will  be  used  up  by  aerobic  organisms,    and  the 
second  should  depend  upon  the  action  of  anaerobic  or- 
ganisms with  liquefaction  of  the  organic  matter,  and  a 
conversion  of  ite  nitrogenous  constituents  into  nitrogen 
as  free  ammonia,  with  other  changes  due  to  the  fermenta- 
tive conditions.     The  case  could  therefore  be  stated  in 
another    way,  and  the  necessary    sequence   would    be, 
first,    that    favourable    conditions   should    be    provided 
by      weU-ventilated     and      self-cleansing     sewers     for 
the   work    of    a   mixed   group    of   aerobic    organisms." 
Now,    that    haa    a    bearing    upon    the    whole  subject, 
because,  if  you  have  partly  anaerobic  changes  going  on  in 
badly  constructed  sewers,  you  may  have  more    or   less 
antagonistic  forms  coming  into  your  control — ^the  point 
from  which  you  propose  to  control  the  whole  process  by 
a  regular  anaerobic  fermentation ;  therefore,  it  is  as  weU 
to  h^ve   proper  sewers  and  a  large  flora  of  organisms 
coming!   over    without    anaerobic    fermentation,    which 
might    be    more    or    less    competitive    with    the    fer- 
mentation   which   is  regulated   ^d  controlled.      Again 
quoting     from     the     paper  :      "That     the     conditions 
should  then  be  reversed,  becoming  unfavourable  to  the 
aerobic  and  favourable  to  the  anaerobic  org  luisms,  and  that 
the  conditions  should  again  be  reversed,  being  unfavour- 
able to  the  anaerobic  organisms,  and  highly  favourable 
to  differentiated  colonies  of  nitrifying  organisms  which 
are  best  suited  to  carry  on  and  complete  the  final  minerali- 
sation of  the  organic    matter    by    converting    the    free 
ammonia  into  nitrogen  as  nitric  acid."       Your  hand  is 
forced  by  nature  in  this  matter.     You  have  got  a  mob  of 
liquefying  aerobic  organisms  available,  and  they,   as  a 
matter  of  fact,  use  up  the  oxygen — ^the  available  oxygen. 
In  doing  that  you  have  fermentation  going  on.     If  you 
want,  then,  to  carry  on  a  further  breaking  down  of  the 
organic    matter   in   an    anaerobic   process,    the    aerobic 
changes  will  be  arrested — ^the  conditions  should  become 

distinctly  unfavourable  to  the  aerobic  organisms — ^the 
ordinary  organisms  of  aerobic  putrefaction.  Then  having 
broken  down  the  organic  matter  to  the  point  which  is 
known  to  be  most  available  for  nitrification,  you  must 

reverse  the  process,  and  have  highly  aerobic  conditions. 

This  is  familiar  to  every  member    of   the    Commission. 

Now,  presuming  that  the  "cultivation"  tank,  as  above 

described,  was  a  satiefactory  method  of  carrying  out  the 

first  two  stages,  I  give  this  typical  analysis  made  by  Dr. 

Bideal. 

3195.  (Professor  Foster).  That  is  the  same  as  we  have 
on  the  paper  here,  is  it? — Oh,  yes,  further  on,  page  7. 
Yes,  I  can  deal  with  it  here  ;  you  have  it  on  page  7.  Now, 
presuming  for  a  moment  that  the  hydrolysis,  the  breaking 
up  process  through  the  anaerobic  fermentation,  has  been 
carried  to  a  proper  point,  you  have  here  a  typical  analysis  ; 
',i'  shows  results  which  are  practically  constant  at  Aslitead  ; 
^he  arrangement  at  Ashtead,  having;  been  at  work  so  long, 
olj  become  exceedingly  constant  in  the  results  it  gives. 
It  was  irregular  for  a  long  time,  but  now  there  seems 
practically  no  change  from  month  to  month.  Formerly 
'/  was  interrupted  by  discharges   of  bath  water,    but 


apparently  the  organisms  have  established  themselves  in 
colonies  or  in  zones  upon  the  flints  in  such  a  way  that  the 
results  are  exceedingly  constant,  independent  of  changes 
of  temperature,  and  so  on.         " 

3196.  Excuse  me  ;  interrupted  by  bath  water  1 — ^Yes  ; 
any  sudden  increments  of  water  upset  it  in  the  early  days 
of  its  working. 

3197.  Any  great  dilution  of  the  sewage? — ^Any  great 
and  sudden  dilution  of  the  sewage.  Any  disturbing 
element  seemed  to  have  a  great  effect. 

3198.  Have  you  reason  to  think  that  there  was  a  certain 
percentage  of  matter  in  the  sewage  which  is  an  optimum 
for  the  action  of  the  cultivation  tank? — I  do  not  quite 
follow. 

3199.  I  mean  that  sewage  of  a  certain  amount  of  dilu- 
tion will  be  worked  upon  more  rapidly  than  a  still  more 
dilute  sewage  or  a  more  concentrated  sewage? — I  am  re- 
ferring to  tliat  later  on  in  my  evidence.  May  I  take  a  note 
of  that,  in  case  it  is  omitted  by  any  chance  ? 

3200.  I  will  note  it? — Thank  you.  Here  there  is  a 
chlorine  content  in  the  first  column  of  9*0,  a  free  ammonia 
of  12*5,  an  albuminoid  ammonia  of  1*50,  oxygen 
unconsumed,  and  so  on.  Of  course,  the  chlorine 
stands  by  itself,  but  taking  the  other  elements,  there  is 
no  reason  for  forming  a  judgment  that  because  this  has 
given  certain  results  there  ie  any  necessary  finality  in 
those  figures — ^that  is  to  say,  that  you  may  have  an 
anaerobic  change  carried  further  or  an  anaerobic  change 
carried  not  so  far,  that  may  possibly  give  better  results, 
and  it  js  upon  this  question  of  the  best  point  at  which 
to  arrest  or  continue  the  anaerobic  fermentation  that  I  ani 
now  working.  But,  accepting  that  the  breaking  up  of 
the  organic  matter  is  fairly  weU  carried  out  in  the  cultiva- 
tion 'tank,  we  then  get  from  a  series  of  protected  or- 
ganisms, colonies  of  organisms,  the  results  which  are 
shown  in  the  succeeding!  analyses.  The  change  in  the 
chlorine  is  not  always  very  easily  accounted  for,  even 
when  the  samples  are  taken  as  simultaneously  as  possible. 

320L  Are  these  the  trays  on  the  plan? — ^Yes  ;•  these 
are  the  trays  practically  as  arranged  at  Ashtead.  The 
effluent  is  tilted  over  these  trays. 

3202.  What  is  the  depth  of  the  coke  on  the  tray? — 
Seven  inches. 

3203.  (Colonel  Harding.)  What  is  the  nature  of  the 
tray  which  carries  the  coke? — It  is  a  'box  perforated  at 
the  bottom. 

3204.  Wooden  ? — What  I  have  insisted  on  in  the  paper 
read  at  Birmingham  is  that  you  must  have  protected 
colonies. 

3205.  {Chairman.)  Was  it  the  analysis  of  this  effluent 
that  you  referred  to  in  the  paper  which  you  read  before 
the  Sanitary  Congress  at  Birmingham? — It  was,  and  I 
have  just  explained  the  views  that  I  had  with  regard  to 

that. 

3206.  Tou  thought  the  instability  of  great  importance? 
— I  did.    I  thought  it  the  key  of  the  whole  problem. 

3207.  And  have  you  found  the  chemists  agree  with  you 
in  that  view? — ^Well,  they  are  coming  round  ;  they  will 
have  to  come  round,   I  think. 

3208.  Have  you  done  some  work  for  the  town  of  Ayles- 
bury?— ^Yes.  The  Ck>rporation  were  so  satisfied  by  the 
reports  of  a  deputation  that  visited  Towcester  that  they 
spent  about  £500  in  converting  one  of  their  large  deposit* 
ing  tanks  into  what  I  have  called  a  "  cultivation  tank." 

3209.  And  were  the  results  obtained  satisfactory? — 
They  were  satisfactory  only  in  the  same  sense  as  those  at 
Towcester.  The  sewage  was  hydrolised  ;  there  was  prac- 
tically no  suspended  matter  and  practically  no  sludge. 

3210.  How  was  the  process  judged  ? — ^It  was  judged  in 
the  same  way  as  before,  from  the  effluent  as  it  came  from 
the  apparatus,   and  condemned. 

3211.  Did  you  then  think  it  necessary  to  find  means  by 
ffhich  the  effluent  could  be  improved  ?---Yes,  and  I  mado 
many  efforts  to  do  so.  There  was  still  a  belief  that  the 
two  processes  of  hydrolysis  and  aerobic  nitrification  could 
be  carried  out,  if  not  simultaneously,  at  any  rate  in  the 
same  tank,  and  at  Aylesbury  air  was  forced  into  the 
lower  part  of  the  liquid  contents  of  the  "  cultivation  tank  " 
by  a  steam  jet.  It  was  a  very  interesting  experiment  in 
some  ways,  but  it  only  appeared  to  jumble  up 
the  whole  process,  and  it  did  not  add  to  nitrifi- 
cation in  any  way.  It  may  interest  some  members  of  the 
Commission  to  know  that  the  heat  from  the  steam  gave 
rise  apparently  to  the  cultivation  of  a  large  number  of 
high  temperature  organisms  that  had  been  referred  to  by 
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Professor  McFadyen  about  that  time,  a  group  that  he 
had  discovered  ;  they  -were  gas-forming  organisms,  and 
a  very  offensive  smell  was  the  result.  Bj  raising  the 
tonperature  of  the  *'  cultivation "  tank,  whether  there  is 
a  facultative  change  takes  place  in  the  work  of  the 
organism,  or  whether  high  temperature  organisms  come 
into  aotivity,  the  experience  at  Aylesbury  showed  an 
extraordinary  evolution  of  offensive  gases.  These  ex- 
periments, although  carried  out  upon  a  large  scale,  gave 
no  satisfactory  results,  but  one  remarkable  feature  of  the 
effluent  at  Aylesbury,  which  had  a  very  strong  sewage, 
was  that  it  was  capable  of  clearing  up  by  itself  by  simply 
being  placed  in  a  large  earthenware  dish.  The  effluent 
from  a  very  strong  sewage,  with  a  high  chlorine  content, 
and  laige  quantities  of  ammonia,  woidd  cleiur  up  of  itself 
and  become  quite  clear.  At  the  end  of  the  eleventh  day, 
I  tii&nk  it  was,  the  effluent  began  to  oHear  up,  and  at  the 
end  of  twenty-one  days  it  had  become  quite  clear. 

3S12.  At  the  time  you  speak  of  was  your  process  being 
discussed  by  Local  Authorities  and  others) — ^Tes, 
and  two  authorities  applied  to  the  Local  Government 
Board  for  power  to  borrow  money  to  apply  it — namely, 
Rushden  in  Northamptonshire,  and  Staines  in  Middlesex, 
but  in  both  these  instances  sanction  was  refused,  in  the 
one  case  on  the  report  of  Colonel  Ducat,  and  in  the  other 
by  (General  Carey.  In  the  case  of  Colonel  Ducat  his  view 
was  that  he  was  not  sure  of  the  trade  refuse  not  being 
fatal  to  the  success  of  the  system,  and  General  Carey's 
view  was  that  the  system  hsd  not  been  sufficiently  tried 
to  justify  the  lending  of  public  money  for  its  adoption  at 
Staines. 

3213.  Do  you  know  of  any  other  experiments  being 
made  ? — ^Yes.  Mr.  Dibdin  had  been  actively  engaged  for 
the  London  County  Council.  He  saw  the  Ashtead  instal- 
lation during  1892,  but  he  never  seemed  to  realise  the  im- 
portance of  insuring  a  preliminary  hvdrolyais  of  the 
organic  matter.  I  never  could  understand  how  that  escaped 
Mr.  Dibdin's  notice  as  azk  important  element.  He  never 
seemed  to  realise  its  importance.  At  Barking  he  dealt  ^ 
cmly  with  sewage,  which  had  been  treated  chenucally,  and 
for  some  time  his  experiments  were  carried  out  very  much 
on  the  lines  of  the  Massachusetts  reports.  He  then  de- 
veloped the  plan  of  allowing  the  filters  to  remain  water- 
logged and  aerated  alternately,  and  published  his  report  of 
the  results  obained.  That  is  his  well-known  report  to 
the  Tiondon  County  Council. 

3214.  Did  you  think  those  results  satisfactory? — I 
thought  not ;  I  thought  they  did  not  embody  the  proper 
sequence  that  should  occur. 


3216.  Why  not  ? — Because  I  looked  upon  the  system  as   Mr.  w.  D 
not  altogether  anaerobic  or  aerobic.  I  have  always  thought   j,  ^^^f 
that  water-logging  the  filtering  material  might  give  rise      ^^^JJ^'* 
to  an  ana&robic  fermentation  at  any  moment.     TAat  is  to  ^^  i^*  ^^^ 
say  if  you  allow  it  to  remain  too  long  it  will  certainly  be- 
come  anaerobic  at  the  very  time  that  you  wish  it  to  be  very 
greatly  adrobic.     On  the  other  hand,  if  you  set  conditions 
of  extra  strong  sewage  coming  in  or  any  neglect  or  failure 
in  any  way  the  process  that  is  intended  to  be  highly  aero- 
bic may  at  any  moment  become  anaSrobic  in  its  character, 
and  upset,  of  course,  any  aSrobic  change. 

3216.  And  you  thought  that  this  would  interfere  with 
the  proper  action  of  the  filters?— With  the  nitrifying 
action  of  the  filters. 

3217.  But  your  cultivation  tank  is  always  water-logged  t 
— ^Yes,  but  this  is  with  the  object  of  continually  keeping 
up  an  anaerobic  fermentation. 

3218.  And  you  did  not  advocate  the  mixing  up  of  the 
aerobic  and  the  anaerobic  processes  in  any  way  ?-— In  the 
light  of  my  more  recent  experience  I  certainly  think  not. 

3219.  Do  you  know  of  any  other  systems  ? — There  is  Mr. 
Cameron's  system  at  Exeter.  I  have  seen  the  installation 
at  Belle-Isle,  and  read  several  reports  upon  its  working. 
Mr.  Cameron  has  realised  the  importance  of  separating 
the  anaerobic  from  the  aerobic  fermentation,  but  has 
adopted  the  filters  reported  upon  by  Mr.  Dibdin  pure 
and  simple,  with  the  addition  of  certain  mechinical  appli- 
ances. 

320.  Tou  spoke  just  now  of  your  more  recent  experi- 
ences ;  what  did  you  refer  to  ?---Af ter  years  of  thinking 
over  the  process  in  its  many  aspects  the  problem  on  its 
bacteriological  side  at  last  presented  itself  to  me  in  this 
way  that  there  was,  to  start  with,  a  mixed  mob  of  organ- 
isms in  the  sewage,  which  should  be  utilised  as  far  as  pos- 
sible, but  that  the  final  changes  in  mineralisation  must  be 
carried  out  by  distinctly  nitrifying  organisms,  and  that 
these  must  be  in  some  way  protected. 

3221.  What  do  you  mean  by  protected  ?— That  they 
should  be  free  to  work  without  being  interfered  with  by 
conditions  favourable  to  other  organisms  or  by  these  organ- 
isms themselves. 

3222.  Does  your  own  system,  or  any  system  that  you 
know  of,  supply  these  conditions  % — ^The  arrangement  tiiat 
I  ihave  fallen  upon  apparently  does  supply  these  condi- 
tions, and  now  if  the  members  of  the  Commission  would 
kindly  turn  to  *hat  analysis  on  page  7 :  — 
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3223.  {Professor  Foster.)  Before  we  go  into  an  analysis 
would  it  not  be  better  to  have  an  explanation  of  the  trays 
themselves  ? — Certainly. 

2224.  (Colonel  Hoarding.)  Before  you  get  to  the  trays 
would  you  explain  what  these  are  (pointing  to  the 
dia^am)  9— That  wiU  ^ne  latar  <m.      Wi^   7«gard  to 

1213. 


Professor  Foster's  question  these  are  simply  trays  super- 
imposed one  upon  the  other  with  air  spaces  between. 
There  is  absolutely  nothing  more  in  it.  The  effluent  is 
distributed  over  the  top  of  those  trays. 

3225.  (Professor  Foster,)  It  passes  from  one  tray  to 
me  below  ? — ^From  one  to  the  other.    It  does  embody  ihyi 
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Mr.  w.  D.  principle  that  here  you  have  the  hydrolysed  sewage  coming 
•Sew''       over  here  {indicating  on  the  diagram),  and  you  have  got 

Munrreif.  ^^^^^^  organisms  which  have  been  associated  with  the 
ui>6ci898.  anaerobic  fermentation  in  the  ''cultivation"  tank.  I  will 
go  later  on  into  the  question  of  whether  or  not  this  can  be 
carried  too  far.  Well,  it  comes  over  here.  These  you  see 
will  represent  a  food  supply.  Now,  whatever  bacterio- 
logical change  goes  on  here,  it  must  be  in  the 
direction  of  further  breaking  down  of  the  organio  matter, 
and  it  represents  a  distinct  kind  of  food  supply  so  long 
as  the  conditions  are  uniform.  Now  that  specific  food 
supply  will  in  the  course  of  time  give  rise  to  a  survival  of 
organisms  best  suited  to  deal  with  it ;  therefore  you  can  see 
that  for  any  specific  food  supply  in  course  of  time  you  will 
have  a  specific  colony  of  oiganisms  dealing  with  it,  but  the 
more  effectively  they  deal  with  that  food  supply  they  will 
the  more  certainly  pass  ou  a  different  chemical  compound 
to  the  organisms  in  the  tray  immediately  beneath,  and  so 
on  till  the  lowest  tray  is  reached.  It  is  perfectly  certain 
as  you  go  on  attenuating  the  food  supply  you  must  come 
to  a  stage  in  which  the  organisms  of  the  upper  trays 
cease  to  exist  altogether,  and  so  at  last  you  come  down 
through  a  series  of  colonies,  each  more  or  less  protected, 
till  at  last  you  get  a  group  or  survival  of  nitnfyinff  or- 
ganisms which  are  best  suited  to  the  final  food  supply  in 
the  bottom  tray.  You  can  see  the  process  of  rapid  mine- 
ralisation which  goes  on  by  referring  to  the  analysis  of 
the  filtrate  from  each  successive  tray, 

3226.  Each  is  a  wooden  tray  with  a  layer  some  seven 
inches  deep,  of  pieces  of  coke,  each  of  the  same  depth,  each 
of  them  having  similar  pieces  of  coke  ;  they  do  not  differ, 
except  in  position  ?— Quite  so.  Now  here,  in  this  analysis, 
you  get  what  actually  occurs  in  each  of  these  differentiated 
colonies.  In  the  first  you  get  a  change  representing  the 
difference  between  10-5  and  12-5  free  ammonia ;  in  the 
next  you  get  that  falling  down  to  90 ;  in  the  next  you 
get  a  more  rapid  change,  in  which  the  free  ammonia  has 
fallen  down  to  50 ;  the  next  to  4-0  ;  the  next  to  15,  until 
you  get  a  minimum  of  free  ammonia  represented  by  0'20. 
I  do  not  know  what  evidence  has  been  brought 
before  the  Boyal  Commission ;  but  I  fancy  that  a  good 
deal  of  that  evidence  has  gone  to  show,  especially  in  the 
case  of  Mr.  Adeney,  that  this  nitrifying  process  is  an 
especiallv  slow  one.  Now,  as  a  matter  of  fact,  this 
extraordinary  change,  the  fall  from  12-5  to  a  minimum 
of  0-20  at  the  eighth  tray  takes  places  in  something 
under  eight  minutes,  so  that  the  process,  instead  of  being 
a  slow  one,  is  an  exceedingly  rapid  one,  incomparably 
more  rapid  than  the  anaerobic  change  which  has  hitherto 
been  believed  to  be  the  most  rajnd.  It  occurred  to  me, 
of  course,  that  the  moment  one  got  an  arrancement  such 
as  I  have  described,  one  would  be  able  to  have 
it  plotted  out  in  the  form  of  curves,  and  here 
yuu  hare  the  whole  process  represented  diapra- 
matically,  the  changes  being  shown  diagramatically. 
These  represent  the  various  colonies,  one,  two, 
ihree,  four— {indicating  on  dta^rom)— and  these  re- 
present the  parts  per  100,000.  The  result  of  this  is  that 
you  can  get  an  accurate  estimate  of  what  actually  goer^ 
on  during  the  whole  process.  You  see  the  inorgamc 
nitrogen  and  the  total  nitrogen,  the  lines  at  which  they 
run  out,  these  being  represented  by  the  various 
figures  of  the  analyses.  Here  you  have  the  lines  of 
increase  as  well  as  the  lines  of  decrease  ;  here  you 
Tiave  nitric  nitrogen  increasing,  and  here  you  have  the 
nitrous  nitrogen  decreasing.  Here  you  hive  the  oxygen 
consumed  decreasing,  and  here,  at  the  fifth  tray,  von 
see  an  extraordinary  setting  back  of  the  line  forming  this 
triande,  which  shows  that  there  is  some  critical  biological 
condition  occurring  here,  which  isi  actually  shown  by 
these  various  lines.  But  multiplying  the  line  of  nitrous 
nitrogen  by  ten  you  get  this  triangle.  At  the 
same  time  there  has  been  a  setting  back  of  the  oxygen 
consumed,  which  practically  corresponds  with  thw  line, 
so  that  there  is  accurate  information  to  be  obtained 
at  every  part  of  the  process  until  you  get  towar^  the 
condition  in  which  the  organisms  will  be  denitrifying 
organisms  instead  of  nitrifying  organisms,  and  the  point 
of  hicrhest  purification  in  terms  of  oxidisation  has  been 
passed. 

3227.  The  successive  trays  run  this  way  (showing  on 
chart)  1— The  successive  trays  run  this  way,  and  the  parts 
per  100,000  are  tha  vertical.  That  is  to  say,  this  repre- 
sents an  increase  of  nitrogen ;  this  represents  a  falling 
off  of  oxygen  consumed. 

5?^  The  curve  of  nitric  nitrogen  is  seen  here?— No. 
nitric  nitrogen  comes  straight  on  until  it  comes  up  to  nine 
parts  per  100,000.     It  is  set  back  there. 

3229.  And  your  curve  of  nitrous  nitrogen  comes  e»o 


(showing)! — ^Yes,  and  there  it  sets  back  the  other  way. 
The  final  nitric  nitrogen  conversion  is  nine  parts  per 
100,000,  representing  an  oxidation  of  96  per  cent,  in  a 
sewage  with  a  content  of  nine  of  chlorine.  Now, 
with  regard  to  the  results  to  be  obtained  from 
filters  that  are  alternately  filled  and  emptied  or 
water-logged  and  emptied,  there  is  nothing  at  aU 
•  approaching  to  these  results.  I  took  out  some  aver- 
ages here  from  *125  to  -200  parts  of  nitrogen  as  nitrate 
per  100,000  in  the  case  of  Exeter,  and  from  about  *07  to 
1*6  per  100,000  in  the  Barking  experiments,  or  a  mean  of 
about  one  part  per  100,000.  So  the  mean  of  Ashtead  is 
eight  times  more,  obtained  by  this  means  of  differentiated 
colonies,  than  is  obtained  from  the  water-logged  filters, 
which  I  think  was  only  to  have  been  expected.  Then  to 
prove  that  there  was  a  biological  sequence  by  simply 
taking  one  of  the  boxes  out,  say.  No.  8  or  No.  7,  whatever 
it  was,  and  putting  it  in  the  place  of  No.  2  or  3,  and 
leaving  it  there,  the  whole  process  was  at  once  upset, 
and  a  very  bad  effluent  was  the  consequence. 

3230.  How  often  did  you  try  that  ? — I  only  tried  it  once, 
and  the  process  broke  down  altogether. 

3231.  How  long  have  they  been  going  on,  those  txays — 
up  to  the  time  when  you  made  this  shifting,  how  long  had 
they  been  at  workf^From  the  25th  October,  I  should 
think,  to  the  beginning  of  February. 

3232.  (Chairman.)  How  long  have  your  works  at  Asli- 
tead  been  up  altogether  ? — The  cultivation  tank  has  been 
at  work  now  for  seven  years. 

3233.  Seven  years? — Seven  years,  yes.  The  sequence 
only  occurred  to  me  when  I  was  abroad  in  the  antumn  of 
the  year  before  last,  and  when  I  came  back  I  put  up  this 
apparatus,  and  I  have  never  changed  it  in  any  way. 
The  cultivation  tank  has  never  been  altered  m  any  wsy, 
and  there  is  no  alteration  apparently  required  m  l^he 
arrangement  of  the  trays. 

3234.  But  the  trays  have  only  been  up 1 — Since 

'the  2Sih  October,  twelve  months.    I  allowed  them  to  mn 

three  months  before  doing  aiiyihingy  because  I  wanted  to 
see  wheUier  there  was  any  clogging,  or  anything  requiring 
alteration,  and  Dr.  Bideal  having  made  his  series  ol 
analyses,  we  plotted  out  those  lines. 

3235.  Did  you  have  your  effluent  from  your  cultivation 
tank  analysed  before  the  trays  were  put  up  ? — ^Yes,  quite 
Ko,  before  it  was  ]>assed  into  the  trays  at  all.  Tes,  it  i^ 
here.  It  is  the  first  line  here,  9*0  chlorine,  12*5  free  am- 
monia, 1*50  of  albuminoid  ammonia,  oxygen  consumed 
9*843,  and  so  on.  That  is  the  effluent  as  it  comes  over, 
the  hydrolised  effluent  containing,  you  see,  no  available 
oxygen  at  alL 

3236.  This  analysis  is  made  quite  recently — ^in  Feb- 
ruary, 1806  ? — ^That  was  made  in  February  of  1888,  yes. 

3237.  Then  had  you  had  the  effluent  from  the  cidtiva- 
tion  tank  analysed  in  previous  years  ? — Dr.  Houston  made 
a  large  number  of  analyses. 

3238.  And  you  have  not  found  them  vary  very  much  1 
— No.  It  has  always  been  very  much  the  same.  I  am 
not  prepared  to  say  what  the  difference  is.  You  will  see 
it  by  comparing  Dr.  Houston's  report.  As  time  has  gone 
on  the  results  obtained  from  the  *  cultivation  *'  tank  have 
become  more  and  more  even  and  constant. 

3230.  Then  you  consider  that  the  addition  of  the  trays 
has  been  a  very  great  feature  in  your  treatment  of  sew- 
age?— ^I  think  it  has  made  all  the  difference,  absolutely 
all  the  difference.  Dr.  Sims  Woodliead  here  in  a  paper 
read  before  the  Sanitary  Congress,  gives  a  series  of 
analyses  that  he  took  independently  altogether,  in 
which  he  gives  the  average  of  nitric  nitrogen  found  as 
6*82  per  hundred  thousand,  free  ammonia.  When  the 
trays  had  been  out  of  use  for  about  a  week  and  then  set 
to  work  the  first  results  were  as  low  as  5*349  of  nitric 
nitrogen,  and  this  lowered  the  average  ;  but  taking  it 
all  over,  the  mean  of  the  Ashtead  nitrification  is  repre- 
sented by  about  8  to  9  parts  of  nitric  nitrogen  per  100,000. 

3240.  Xuw,  at  Towcester  and  at  Ailesbury  you  did  not 
have  these  trays  at  all? — No.  What  I  did  discover  at 
Towcester  was  the  extraordinary  instability  of  the  effluent 
AC.  judged  by  the  disappearance  of  i)olluting  matters  in  that 
particular  case. 

3241.  Well,  now,  I  believe  you  have  put  up  an  instal- 
lation tank  at  Caterham,  which  takes  the  entire  dis- 
charge from  the  barracks.  Is  that  similar  in  principle 
to  the  arrangement  that  you  have  shown  on  the  diagram  ? 
— Quite  so.  At  Caterham,  I  was  anxious  that  the  Cater- 
ham installation,  which  is  dealing  with  the  whole  of  the 
sewage  from  the  barracks,  should  embrace  all  the  require- 
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monts  of  a  complete  experimental  apparatua ;  and  I  need 
hardlj  say,  my  lord,  that  the  Royal  Commission  is  heartily 
welcome  to  any  ujse  that  th^y  may  wish  to  make  from  an 
-^experimental  point  of  view  of  that  installation* 

3242.  Then,  that  has  got  the  trays  I  suppose  ?— That 
has  the  trars ;  but  it  has  also  got  what  Colonel  Hard- 
ing asked  about,  these  inverted  pots.  Kow,  I  was  very 
Anxious  at  Caterham  to  be  able  to  clear  up  this  question 
<of  the  proper  stage  to  which  the  ana^rooic  fermentation 
should  be  carried,  because  there  ought  to  be  some 
standard  with  regard  to  these  anaerobic  changes. 
In  the  case  of  the  trays  in  which  nitrification  takes  place, 
one  ought,  of  course,  to  be  able  to  take  a  certain  stan- 
<iard  of  sewage,  hydrolysed  sewage,  with  a  certain  stan- 
dard of  chlorine,  and  a  certain  standard  of  free  ammonia, 
and  be  able  positively  to  say  that  so  many  trays  under 
such  and  such  conditions  are  capable  of  producing  a 
certain  result.  There  ought  to  be  no  difficulty  in  ^at 
at  all ;  that  is  to  say  that  for  a  certain  standard  of  nitrifi- 
cation one  should  be  afble  to  say  four  trays  are  necessary, 
for  a  higher  standard  five  trays,  and  so  on.  There 
ought  to  be  no  difficulty  whatever  in  the  light  of  this 
knowledge  in  determining  the  relation  between  the 
depth  and  the  number  of  those  filters,  for  any  standard 
of  sewage.  There  has  been  complete  ignorance,  so  far 
fus  I  know,  of  the  actual  facts  with  regard  to  the  anaerobic 
change,  and  no  data  to  go  on  as  to  whether  it  was  possible 
or  not  to  carry  it  too  far.  I  thought  the  only  way  to 
overcome  that  was  to  have  an  estimation  by  error.  I 
determined,  if  possible,  to  see  if  I  could  carry  this  anae- 
robic change  too  far,  and  here  you  will  see  I  have  a  large 
chamber  at  Caterham  ;  it  is  twenty  feet  wide  by  ten  feet  by 
nine  feet  deep,  and  this  was  filled  with  inverted,  glazed, 
earthenware  pots.  There  were  400  of  them,  representing 
a  surface  of  about  300  square  feet.  Now  the  hydrolysed 
sewage  was  brought  in  beneath  these  pots,  and  had  to 
percolate  through  the  occluded  gases,  which  were  the 
product  of  the  anaerobic  fermentation.  The  consequence 
was  that  you  might  have  chemical  conditions  set  up  which 
are  peculiar  to  these  veiy  highly  anaerobic  conditions. 
The  formation  of  compound  ammonias  which  are  highly 
toxic  in  their  character,  and  fatal  if  in  excess  to  the 
working  of  any  organisms  in  the  future  process  was 
the    result.      It    was     also    an     important    thing    to 

-discover  if  the  anaerobic  change  could  be  carried  too 
far,  with  a  view  of  fin<Ung  out  if  you  could  kill  off  all 
the  aerobic  organisms  or  the  organisms  which  may  be 
capable  of  doing  their  work  by  too  high  an  anaerobic 
condition,  and  that  I  am  glad  to  say  I  have  succeeded  in 
proving.  The  anaerobic  change  was  carried  to  a 
point  at  which  the  nitrification  was  completely  sus- 
pended. Nitrification  having  risen  to  2  parts  per  100,000 
went  back  to  zero,  and  the  whole  oxidising  process  prac- 
tically stopped.  Of  course  that  was  a  very  important  thing 
to  discover  ;  it  was  an  unknown  country  altogether,  and 
Br.  Rideal  has  prepared  a  very  elaborate  chemical  esti- 
mation of  the  results  obtained  from  this  very  high 
anaerobic  fermentation.  One  then  liad  to  go  back  along 
the  cultivation  tank  by  tapping  it  at  different  points  until 
yon  came  to  a  stage  at  which  the  anaerobic  change  was 
insufficient  to  give  good  results.  That  investigation  is  not 
completed ;  I  hope  it  soon  will  be ;  but  I  am  pleased  to 
be  able  to  inform  the  Commission  that  I  have  gone  back 
to  a  point  at  which  the  whole  process  restarted,  and  from 
which  ni^ification  has  gone  up  to  eight  parts  per  hundred 
thousand.  I  hope,  before  long,  the  Commission  will  be 
in  possession  of  ill  the  facts  about  the  anaerobic  fermenta- 
tion, as  in  the  case  of  the  nitrifying  changes  which  occur 
in  the  teays* 

3243.  I  did  not  catch  the  number  of  people  ?— There 
are  1,180  and  two  horses. 

3244.  At  Caterham  7— At  Caterham,  yes. 

3245.  And  that  is  the  lakrgest   place  in  which  your 
system  is  in  operation? — ^Tes. 

3246.  How  long  is  it  since  it  was  started  there  ? — It  is 
just  started,  and  has  not  yet  had  time  to  ripen  fully. 

3247.  And  you  would  let  us  go  down  and  visit  it? — 
It  is  entirely  at  the  disposal  of  the  Boyal  Commission. 

3248.  I  am  sure  we  should  like  to  visit  it  some  time? 
— ^I  think,  as  far  as  I  know,  Caterham  affords  an  oppor- 
tunity of  carrying  out  the  whole  of  these  investigations. 
I  do  not  know  any  point  that  will  not  give  an 
opportunity  of  carrying  out  any  investigations,  one  of 
the  most  important  conditions  being  that  you  are  able 
to  get  any  strength  of  sewage  by  accumulating  the  foecal 
discharges  in  the  morning  without  diluting  it  in  the 
afternoon,  and  I  have  got  as  much  as  forty  parts  per 
100.000,  twenty  of  ammonia,   and  thirteen  of  chlnnne. 

1213. 


Seott 
Mnnereif. 


Xw  X^OCa  XOlMy* 


So   that   I   am  dealing  with  sewages  up  to  almost  any  Mr^w^D. 
strength. 

3249.  Is  there  anything  more  about  the  Caterham 
sewage  you  would  like  to  mention  ? — ^In  dealing  with  very 
strong  sewage  such  as  that  at  Caterham,  with  a  chlorine 
content  of  18  parts  per  100,000,  there  seems  almost  no 
limit  to  the  capacity  of  the  anaerobic  ferment  under 
favourable  conditions  to  break  down  the  nitrogenous  or- 
ganic matter  into  nitrogen  as  ammonia,  seeing  that  I  have 
already  obtained  as  much  as  35  parts  NH,  per 
100,000  against  about  5  paits  per  100,000  in  the  Belle 
Isle  experiments.  It  is  this  production  of  ammonia  that 
I  expect  will  afford  a  measure  of  the  maximum  of  anaSro- 
bio  change  in  any  particular  case  which  gives  the  best 
re<iults. 

3250.  In  very  strong  sewage,  such  as  you  speak  of, 
what  do  you  consider  ought  to  be  done  with  the  nitro- 
genous organic  matter  ? — ^All  the  nitrogenous  organic  matter 
should  be  broken  up  into  nitrogen  as  free  ammonia  before 
being  oxidised  to  nitrates,  but  there  is  a  limit  to  the 
amount  of  this  ammonia  if  it  is  to  be  treated  bacterio- 
logically. 

3251.  And  what  happens  if  the  limit  of  free  ammonia 
is  passed  ? — ^That  I  am  not  prepared  to  say.  AU  that  I 
argue  is  that  there  is  some  limit  in  the  matter  of  free 
ammonia,  and  that  you  can  get  ammonia  to  such  a  point, 
produced  bacteriologically,  through  the  agency  of  anaerobic 
fermentation,  that  it  may  become  toxic  to  the  nitrifying 
organisms,  but  what  point  that  is  I  am  not  prepared  to  say. 

3252.  Would  you  dilute  the  sewage  ? — ^Yes ;  but 
if  there  is  to  be  dilution,  that  is  to  say,  if  you  have  a 
very  strong  sewage  which  you  can  deal  successfully  with 
in  some  such  apparatus  as  this  cultivation  tank,  and  you 
find  it  is  too  strong  to  be  dealt  with  on  account  of  t^e 
ammonia  or  bacteriologically  toxic  compounds  coming 
over  from  the  anaSrobic  fermentation,  the  proper  point 
to  dilute  it  is  before  it  is  subjected  to  the  nitrii3ring 
process.  If  the  diluting  water  is  put  into  the  sewage 
which  is  passing  through  this  anaerobic  mass,  the  oxygen 
contained  will  be  used  up,  and  will  not  be  available  for 
the  purposes  of  nitrification,  nor  even  dilution  in  the 
oxidising  sense  ;  whereas  if  you  do  get  too  high  an 
ammonia  or  get  a  toxic  effluent  of  any  kind  by  diluting 
before  nitrification  takes  place,  you  get  the  available 
oxygen  of  the  diluting  water  at  what  I  think  is  the 
proper  point 

3253.  Then  you  consider  that  investigations  npon 
these  matters  are  very  necessary  ? — ^I  certainly  do,  oe* 
cause  unless  these  questions  are  settled,  every  statement 
will  have  to  be  qualified  in  accordance  with  the  strength 
of  the  sewage  to  which  it  refers,  and  these  must  remain 
more  or  less  empirical  nntil  we  know  in  terms  of  what 
amount  of  ammonia  and  nitrates  the  purification  is  taking 
place. 

3254.  And  will  these  considerations  apply  equally  to 
the  case  of  weak-  sewage  ? — They  will,  in  this  way,  be- 
cause, presuming  the  Ashtead  experiments,  or  similar 
experiments,  if  tibere  are  any,  give  something  approaching 
finality  in  the  results,  and  if  9*00  parts  per  100,000  of 
nitrogen  as  ammonia  coming  over  from  the  anaSrobic  fer- 
mentation gives  9*0  parts  per  100,000  of  nitrogen  as 
nitrates  in  the  final  filtrate,  this  or  some  other  definite 
relation  should  be  made  the  standard  of  efficiency,  and 
these  should  be  given  in  terms  per  cent.  I  may  mention 
that  I  have  had  a  very  important  letter  from  Dr.  Bideal. 
I  asked  him  for  a  table  of  percentages.  He  and  I  seem  to 
have  been  working  on  much  the  same  lines ;  he  has  been 
very  strong  on  this  subject— -of  course  he  knows  a  great 
deal  more  about  it  than  I  do — ^I  can  send  it  to  you. 

3255.  All  these  ratios  in  your  opinion  will  have  to 
work  within  certain  limits  in  the  amount  of  free  ammonia  ? 
— ^Well,  I  am  very  much  inclined  to  think  that  these 
ammonia  limits  will  not  in  all  probability  oome  into 
practice  unless  in  exceptionally  strong  sewages.  What  I 
mean  is  that  there  will  be  no  ordinary  sewage  that  is  so 
very  strong  that  it  will  be  outside  tiie  limits  as  regards 
ammonia.  I  hope  to  be  able  to  speak  positively  about 
this  very  soon. 

3256.  In  fact,  you  are  in  hopes  that  at  Caterham  your 
work  will  throw  a  good  deal  of  light  on  the  anaerobic  pro- 
cesses ? — Yes.  I  have  been  given  a  free  hand  by  the  War 
Office.  The  sewage  there  may  be  run  down  to  a  field — a 
small  sewage  farm — so  that  there  are  none  of  the  diffi- 
culties attaching  to  ordinary  public  requirements, 
and  every  strength  of  sewage  can  be  artificially  obtained 
for  the  purpose  of  experiment. 
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3257.  And  jou  can  take  the  sewage  at  difEerent  times  ? 
— ^At  different  hours  of  the  day,  and  accumulate  ^e 
f cecal  matter  so  as  to  have  any  standard  of  impurity. 

3858.  And  Dr.  Sims  Woodhead  and  Dr.  Bideai  are 
both  cognisant  of  what  you  are  doing  ? — Yes,  they  are. 

3250.  {Mr.  KiUich.)  In  your  table,  page  7,  column  F, 
"  Oxygen  consumed,''  that  is  the  actual  consumption  of 
oxygen  \ — ^Yes ;  that  is  at  80  degrees  centigrade,  for  four 
hours. 

3260.  Eighty  degrees  for  four  hours,  that  is ;  is  it  not  at 
sixty  degrees? — Sixty  degrees. 

3261.  Sixty  degrees  ^I  think  it  is  eighty  degrees.  Dr. 
Kideal  recommends. 

3262.  The  limit  of  impurity  recommended  by  Sir  Heniy 
Roscoe,  taking  the  Mersey  and  Irwell,  is  1,  so  that  you 
see  you  get  well  under  that  1 — -039  is  the  lowest.  In  taking 
these  samples,  plates  were  slipped  beneath  the  trays,  so 
that  the  samples  were  taken  simultaneously,  but  there  i» 
a  rise  in  the  albuminoid  ammonia  there  which  we  cannot 
account  for. 

3263.  But  this  is  oxygen  consumed ;  there  is  a  rise 
there  ? — ^That,  no  doubt,  would  arise  from  disturbance  of 
the  filtering  material. 

3264.  And  at  the  end  it  is  not  a  very  good  effluent  by 
your  test  ? — *5. 

3265.  '5  is  not  a  good  effluent.  Tou  get  better  effluents 
from  all  kinds  of  sewage  treatment,  land  filters,  and  even 
tanks  ? — ^I  do  not  suppose  you  get  nine  parts  of  nitrates, 
do  you  ? 

3266.  No ;  I  am  only  taking  theee  two-'tests  ? — Yes. 

3267.  Taking  the  albuminoid  ammonia,  column  D,  the 
limit  of»  impurity  there  that  we  allow  is  *!  ? — ^Yes. 

3268.  This  column  ie  very  puzzling  in  that  light.  You 
see,  it  falls  in  tray  five  to  'IS  ? — •15. 

3269.  It  rises  then  in  tray  nine  to  60,  which,  on  your 
basis,  is  a  very  bad  effluent? — ^Yes.  I  have  no  doubt 
that  that  arose  from  taking  the  samples.  You  see,  the 
slightest  disturbance  would  detach  organic  matter  from 
the  filtering  material. 

3270.  The  results  of  these  analyses  from  the  last  tray 
judged  by  those  two  standards? — ^If  it  has  got  to  be 
an  albuminoid  test,  well,  of  course,  the  saving  of  four 
trays  would  be  a  great  point,  and  you  would  get  what  you 
wanted  in  the  fifth  tray  instead  of  the  eighth. 

3271.  By  these  two  tests,  albuminoid  ammonia  and 
oxygen  absorbed,  it  is  not  satisfactory  ?  The  albuminoid 
ammonia  is  very  unsatisfactory,  and  the  oxygen  absorbed 
is  only  iust  satisfactory.  Do  you  attribute  that  to  the 
tests  being  untrustworthy,  or  to  the  apparatus  not  being 
so  satisfactory  as  it  might  be?— Well,  Dr.  Bideai  took 
these  analyses  ;  I  am  really  not  responsible  for  them. 

3272.  At  Caterham,  I  understand,  you  receive  tXe 
sewage  from  1,100  people  ? — ^1,180  persons  and  two  horses. 

3273.  That  is,  25,000  gallons  a  day  ?— 22,000  gallons  is 
the  return  that  I  have  had. 

3274.  22,000  gallons,  and  you  have  how  many  trays 
there  ?--Seven. 

3275.  Are  they  one  super-imposed  upon  the  other,  or 
are  they  in  sequence  ?--One  super-imposed  upon  the 
other. 

3276.  In  dealing  with  a  very  large  volume  of  sews^e, 
say,  10,000,000  or  20,000,000  gallons,  would  it  be 
possible  to  deal  with  it  by  a  system  of  superimposed 
trays? — ^Taking  the  apparatus  as  amuiged  at  Caterham,  of 
course  the  units  could  be  multiplied  indefinitely,  and  deal 
with  any  number  of  gallons  of  sewage. 

3277.  What  area  does  your  plant  »t  Caterham  occupy  ? 
— ^The  plant  at  Caterham  occupies  1,600  square  feet 

3278.  Is  it  suitable  in  extent  to  the  amount  of  sewage 
it  has  to  treat  ?— It  is  too  large — ^I  cannot  tell  you  how 
much,  but  it  is. 

3279.  How  much  do  you  think  ?— I  cannot  tell  you,  it  is 
too  large. 

3280.  {Colonel  Harding,)  The  interesting  experiment 
which  for  some  time  you  have  carried  on  at  Ashtead  is,  of 
oourse,  on  a  very  small  scale.  I  suppose  the  volume 
would  be  250  or  260  gallons  a  day  ?— About  250  gallons. 

3281.  It  would  be  difficult  to  draw  any  inference  from 
so  small  an  experiment  which  would  be  of  much  value  ? — 
Dr.  Sims  Woodhead  and  Dr.  Bideai  drew  their  conclusions 
from  it. 

3282.  Then  your  airangements  there  may  be  considered 


as  mainly  in  two  parts  ;  first,  the  septic  anaerobic  arrange 
ment,  and  secondly,  aerobic  filtration  oyer  trays? — That 
is  so.    I  do  not  altogether  understand  the  term  "septic." 

3283.  Well,  I  was  using  it  as  an  alternative  to  "anae- 
robic "  ?— Yes. 

3284.  Anaerobic  fermentation? — ^Yes. 

3285.  To  what  extent  does  the  sludge  in  the  smaU  ex- 
periment at  Ashtead  accumulate ;  what  proportion  of  it  is 
liquefied,  and  what  proportion  of  it  accumulates  in  the 
chamber  which  is  occasionally  emptied,  you  told  us,  by  the 
opening  of  a  valve  ? — ^In  terms  of  a  dry  residuum  I  should 
think  it  is  almost  incalculable,  the  smallness ;  it  must  be 
quite  negligeable ;  I  mean  it  is  negligeable  as  it  is ;  but 
if  you  treat  it  as  a  solid  dry  residuum  I  cannot  tell  you 
how  small  it  is. 

3286.  But  take  it  as  sludge  ;  how  many  bucketsful  per 
month  or  year  ?— Well,  you  may  take  it  that  the  content? 
of  the  filter-bed  might  be  emptied  once  in  three  mon*.HR 
At  the  extreme  outside  ;  that  is  four  times  ft  year. 

•3287.  Let  us  not  confuse.  You  say  "  filter-bed " ;  I 
am  speaking  at  present  of  the  first  stage? — The  first 
stage,  which  is  th^  cultivation  tank. 

•  3288.  The  first  stago ;  it  is  the  contents  of  this  lower 
chamber  which  is  occasionally  emptied? — Yes,  or  thr 
whole  chamber  for  that  matter  in  a  small  installation. 

3289.  Can  you  give  us  any  idea  what  relation  the  paii 
that  is  removed  bears  to  the  total  of  the  solids  that  arc 
passed  into  the  chamber  ? — ^I  cannot  give  you  any  answe* 
at  all ;  it  does  not  appear ;  it  is  not  in  evidence  in  an7 
way. 

3290.  At  Caterham,  wliere  you  are  dealing  with  22.000 
gallons  a  day,  you  have  the  same  double  arrangement; 
first,  an  anaerobic  liquefying  ^eatment,  and  secondly,  a 
nitrifying  filtering  treatment  through  trays  ? — Yes. 

3291.  What  is  the  size  or  area  of  the  trays  at  Caterham  ? 
— 800  feet  less  20  per  cent. 

3292.  What  is  the  size  of  each  trav — ^how  long,  how 
wide  ?— 10  by  10. 

3293.  Ten  by  ten  ?— Yes,  100  feet. 

3294.  Is  the  tray  there  constructed  also  of  woo<f  ?- 
No ;  it  is  constructed  of  perforated  cement  slabs. 

3295.  Cement  slabs? — ^Yes. 

3296.  And  how  thick  are  the  slabs  ? — ^Two  inches. 

3297.  With  holes  1 — With  holes ;  they  are  two  inches 
apart. 

3298.  How  large  are  the  holes? — Three-quarters  of  an 
inch  in  diameter. 

3299.  What  is  the  depth  of  coke  carried  by  each  tr»^  ' 
Eight  inches. 

3300.  Does  the  size  of  the  coke  vary  with  the  various 
trays,  coarser  at  the  top  and  finer  at  the  bottom  ?— That 
is  all  being  subject  of  experiment.  There  are  eight 
nests  of  trays  there,  so  that  we  can  ring  the  changes 
upon  any  filtering  material,  and  at  present  we  have  a 
large  number  of  filtering  materials.  The  beet  results 
obtained  at  present  are  from  small  coke  giving  eight  pav^ 
per  100,000  of  nitrates.  Of  course,  sJl  these  ana6iobic  e 
periments  were  stopped,  and  in  going  back  there  has  been 
comparatively  little  time  for  anything  to  be  done,  but  it 
was  through  fine  coke  that  the  high  nitrate  was  obtained  of 
eight  parts. 

3301.  You  said  the  size  of  your  trays  was  ten  by  ten, 
but  you  have  a  series  of  them  lateral  as  well  as  verticij. 
have  you  not?— -They  are  formed'  in  nest/*  There  is  a 
four-inch  wall  with  headers  coming  through  at  intervals, 
and  these  are  three  feet  three  inches  apart,  and  these 
slabe  are  laid  upon  the  headers  so  as  to  form  a  series 
of  trays,  and  then  there  are  more  of  these  which  make 
up  the  ten  feet,  and  they  are  ten  feet  deep,  and  there 
are  eight  of  them  which  makes  up  the  eight  hundred 
feet. 

3302.  Then  is  eacb  nest  ten  feet  by  ten  feet  ?~Yee. 

3303.  And  there  are  eight  of  these  ?--There  are  eight 
of  these. 

3304.  When  was  that  installation  started? — ^It  was 
started,  I  may  say,  in  September. 

3305.  This  year?— This  year. 

3306.  And  it  has  been  working  continuouiriy  t — ^Yes,  it 
has  been  working,  and  has  been  looked  upon  is  an  experi- 
mental station  as  well  as  on  a  thoroughly  nractical  scale. 
I  am  anxious  to  get  the  same  information  with  regard  to 
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•fiaeroDic  cnonges  from  that  I  was  able  to  get  on  a  smaller 
scale  from  Ashteaa  wich  regard  to  nitrification. 

3307.  Should  1  be  right  ia  considering  your  arrange- 
ment at  Caterham  as  a  variation  of  Mr.  Cameron's 
arxangement  at  Exeter,  which  also  consists,  first,  of  a 
septic  or  anaerobic  liquefaction,  and  then  filtration? — ^I 
think  I  have  dealt  with  that  in  my  evidence. 

3306.  But  it  is  a  modification  of  the  same  idea?— I 
diink  it  is  totally  different ;  as  different  as  those  things 
y*mii  be. 

3309.  Where  is  the  difference  in  principle  ?— Of  course. 
In  the  s>jn«e  of  their  being  both  biological,  the  -rinciple  is 
the  same,  but  as  regards  the  embodiment  of  the  principle 
I  do  not  think  you  could  get  any  much  greater  differences 
than  there  are  between  the  two. 

3310.  But  in  both  cases  you  have  first  an  anaerobic 
hquefaction,  and  this  is  followed  by  afirobic  filtration? — 
While  in  the  case  of  the  Exeter  installation  Mr.  Cameron 
uas  an  empty  tank,  I  have  a  tank  full  of  flints. 

3311.  I  am  quite  aware  that  there  are  differences  in 
details,  but  the  main  principle  in  it  is  the  same,  is  it 
not?— Well  that  embodies  a  very  important  difference  in 
principle ;  it  means  the  difference  between  a  nomadic 
and  a  fixed  populaUon,  which  is  a  difference  in  principle. 

3312.  How  soon  do  you  expect  the  installation  at 
Caterham  to  have  reached  an  effective  stage  ? — ^I  think  it 
has  reached  that  now.  I  think  with  eight  parts  per 
100,000  of  nitrates  in  a  sewage  with  a  chlorine  content  of 
thirteen  parts  per  100,000,  and  dealing  with  an  amount  of 
ammonia  of  twenty  parts  per  100,000,  the  results  are  far 
in  excess  of  any  other  that  I  know  of.  I  mean  to  say 
there  is  no  comparison  at  all. 

3313.  Are  you  able  to  give  us  the  cost  of  the  installa- 
tion at  Caterham  ? — ^No,  I  am  not. 

3314.  Approximately  ^—No ;  it  has  been  carried  out  for 
experimental  reasons,  and  it  is  out  of  all  proportion  to 
the  cost  of  an  ordinary  installation. 

3315.  Following  a  question  of  Mr.  Kfllick's,  have  yoi^ 
considered  the  application  of  your  system  on  a  large 
scale  ?— Certainly.  I  think  that  if  the  Bojal  Commission 
are  able  to  satisfy  themselves  at  Caterham  that  certain 
results  can  be  obtained  from  a  range  of  sewage  which 
embraces — ^practically  embraces  all  the  different  sewages 
of  the  United  Kingdom— I  think  that  will  be  a  final 
opinion  ;  I  do  not  think  there  is  any  doubt  about  that. 

3316.  Have  you  thought  out  the  arrangements  that  you 
would  suggest  for  treating  sewage  in  a  volume  of  ten 
million  gallons  or  twenty  million  gallons  ? — Certainly. 

3317.  What  kind  of  trays  would  you  suggest  for  such  a 
purpose  ? — These  trays  at  Caterham  have  been  con- 
structed to  last  as  long  as  the  barracks. 

3318.  Then  you  would  multiply  nests  of  that  kind, 
would  you  ?— 01 ,  certainly.  I  certainly  would  duplicate. 
1.  would  have  a  unit,  a  convenient  unit  of  construction, 
and  go  on  indefinitely  both  as  regards  the  tank  and  the 
trays. 

3319.  You  are  quite  unable  at  present  to  suggest  the 
cost  of  any  of  these  imits  ? — Quite  ;  not  that  I  would  be 
long  in  ignorance. 

3320.  Can  you  teU  us  is  your  system  protected  in  any 
way  by  patents  ? — ^Yes. 

3321.  Would  there  be  any  royalties  in  connection  with 
its  adoption  ?— I  have  got  a  series  of  patents,  one  of  them 
deals  with  the  particular  construction  of  "  the  Cultivation  " 
tank,  that  is  the  first :  the  second  one  deals  with  the  ques- 
don  of  duplicating  or  grouping  bacteriological  tanks  for  the 
purpose  of  obtaining  nitrification,  and  so  on.  Then  the  next 
patent  deals  with  the  protection  of  this  sequence  of 
changes  from  the  aerobic  action  of  mixed  organisms  that 
come  from  sewage  to  a  protected  colony  of  organisms 
that  are  to  carry  on  the  final  work  of  nitrification  with 
another  patent  for  the  particular  arrangement  of  trays, 
so  that  {^together  there  are  five  of  those  patents. 

3322.  Tlien  in  regard  to  the  patent  rights  for  the  first 
portion,  is  it  not  a  fact  that  upward  septic  filtration  has 
been  experimented  on  for  some  years  ?---The  claim  is  for 
this  specific  apparatus  as  shown. 

3323.  But  upward  filtration  of  an  anaerobic  character 
through  material  which  is  coarse  at  the  bottom  and 
gradually  becomes  finer  has  been  carried  on  has  it  not  for 
some  years  ? — I  do  not  claim  that  in  any  way. 

3324.  Then  what  is  the  special  claim  in  reg^ard  to  the 
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first  part  ? — The  specific  form   of  apparatus   which    is  Mr.  w.  D. 
shown  on  the  diagram.  M^crtii 

3325.  You  mean  that  narrow  grating  ?— Quite  so,  with    '  — 
sloping  sides,  and  so  on,  the  object  being  to  provide  thw  i*  Dec^^sw 
favourable  condition  of  having  no  pockets  unremoved,  as 

it  were,  so  that  it  may  move  away  together,  not  leaving  any 
portion  behind  it. 

3326.  Now  that  the  installation  at  Caterham  is  in 
^x)rking  order,  shall  you  have  regular  analyses  made,  and 
will  careful  observations  be  made  in  regard  to  the  removal 
uf  any  sludge  or  matters  ? — ^Well,  it  is  not  for  me  to  sug- 
gest, but  all  I  can  say  is  that  the  Caterham  installation, 
I  believe,  provides  all  the  conditions,  I  do  not  know  of 
any  condition  that  is  absent  there  for  a  complete  investi- 
gation, and  the  Boyal  Commission  are  quite  welcome  to 
the  use  of  it  in  every  way. 

3327.  {Dr,  BussdL)  Following  that  question  of  Colonel 
Harding,  have  you  made  any  provision  at  all  at  Caterham 
for  the  removal  of  sludge  ? — ^Well,  the  provision  at  Cater- 
ham for  the  removal  of  sludge  does  exist.  It  consists  of  a 
pipe  carried — ^this  is  the  arrangement  practically  at  Cater- 
ham ;  as  far  as  the  tanks  there  is  no  penstock,  there  is  a 
sump  provided  here.  The  sewage  comes  in  herey  and  this 
leads  into  the  grit  chamber  a  pipe  carried  straight  along 
therej  which  has  a  very  rapid  fall,  and  shoots  out  beyond 
the  whole  apparatus  here,  so  tliat  the  cultivation  tank,  as 
a  matter  of  fact,  is  commanded  as  you  see  by  a  penstock. 

3328.  Then  what  becomes  of  the  sludge  at  that  point? — 
Well,  there  is  a  ten-acre  field  there,  and  a  very  steep 
slope,  and  there  it  is. 

3329.  It  would  be  spread  over  the  field? — Well,  as  a 
matter  of  fact,  there  is  a  great  deal  of  sand.  I  was  led  to 
understand  that  there  was  no  surface  water  came  into  the 
installation,  but  there  is  surface  water  from  the  parade 
grounds,  which  is  very  sandy,  and  a  great  deal  of  sand  is 
swept  into  that  sump,  and  the  instructions  with  regard  to 
Caterham  are  that  this  penstock  is  to  be  opened  once  a 
week  while  they  can  count  about  five  or  ten. 

3330.  In  order  to  let  the  sludge  out? — Simply  to 
keep  the  sand  and  stuff  at  the  bottom  of  the  sump  on  the 
move,  and  to  remove  the  inorganic  detritus;  for  about 
five  seconds  the  instructions  arc  that  it  should  be  opened. 

3331.  {Colonel  Harding,)  Is  no  note  taken  of  the 
volume  so  removed  ? — No ;  it  would  be  easily  calculated 
from  the  head  of  the  pipe ;  a  five-inch  pipe  at  a  certain 
head.     That  could  be  very  easily  given,  of  course. 

3332.  (CJiairman.)  At  Caterham  have  you  any  trade 
refuse  to  deal  with  ? — Oh,  none  whatever,  except  the  extra- 
ordinary things  thttt  come  down  from  a  barracks. 

3333.  But  you  have  not  had  any  experience  anywhere 
of  dealing  with  trade  refuse  ? — ^I  am  not  an  expert  at  all 
upon  that  point.  No,  I  have  got  no  expert  evidence  in 
regard  to  that  I  may  refer  you  to  Dr.  Rideal's  paper  on 
the  subject,  read  at  the  late  Congress  at  Birmingham. 

3334.  (Dr.  Bussell)  What  was  the  cost  of  this  installa- 
tion at  Caterham  ? — I  am  not  prepared  to  say  that.  I 
really  do  not  know. 

3336.  At  whose  expense  waa  it  put  up  ?— Practically  at 
my  own  expense. 

3336.  It  is  a  very  important  question,  of  course ;  you 
cannot  say  anything  about  the  structural  cost  ? — No.  Of 
course  that  information  will  very  soon  be  available.  To 
be  on  the  safe  side  the  installation  is  too  large. 

3337.  Is  it  a  business  arrangement  that  you  have  with 
the  War  Office  ?— No. 

3338.  You  simply  ex  gratia  are  allowed  to  experiment 
there  ? — ^That  is  so,  and  no  expense  has  been  spared  at  alL 
I  mean  to  say  it  is  none  the  less  complete  because  of  no 
arrangement  having  been  made. 

3339.  You  have  spared  no  expense  ? — ^No. 

3340.  Then  what  working  attention  have  you  got ;  what 
staff  have  you  got  in  reganl  to  sewage  works  ?---When  it 
is  completed  there  will  be  no  attention  required  at  all  ex- 
cept once  a  week  for  half  an  hour;  something  of  that 
sort 

3341.  I  think  you  dropped  a  remark  about  a  sewage 
farm  or  land  of  some  kind  upon  which  if  it  were  not  for 
your  apparatus  the  sewage  would  be  discharged? — Quito 
so.  Well,  there  is  a  field,  it  is  let  to  a  farmer,  who  makes 
the  most  he  can  out  of  it.  There  is  a  small  piece  of  grass 
land  and  a  piece  of  ploughed  land.  It  has  a  deep  chalk 
undersoU  and  a  very  thin  soil. 

3342.  Is  it  on  this  field  the  sludge  is  deposited  ?— Well, 
the  sludge  is  simply  discharged^  as  I  say,  for  a  few  seconds 
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Mr.  W.  D.    every  week  to  keep  the  inorganic  detritus  on  the  move. 

SeoU      It  is  not  with  the  object  of  removing  any  body  of  sludge, 

Monertiff.   jj^^^^^jgg  there  is  no  organic  sludge  to  speak  of.     Of  course, 

u  Dec.  1808.  the  sand  is  an  important  thing  to  get  rid  of.     I  suppose 

there  may  be  a  barrow  load  of  sand  at  the  end  of  a  week  ; 

very  likely  there  is,  or  more— two  barrow  loads  of  sand 
perhaps. 

3343.  And  do  you  deal  at  all  times  with  all  the  sewage 
of  these  barracks  ? — ^The  entire  sewage,  yes. 

3344.  No  portion  of  it  flows  direct  to  any  outfall  ? — Oii, 
dear,  no.  I  mean  to  say  that  during  our  experiments,  as 
I  have  explained  to  the  Commission,  I  have  had  all  sorts 
of  arrangements  for  allowing  the  sewage  to  come  in  at 
certain  times  of  the  day,  so  as  to  get  it  stronger  than  at 
others  and  so  un,  but  I  mean  to  say  the  apparatus  is  de- 
signed for  taking  the  whole  of  the  sewage  and  to  spare ; 
there  is  no  doubt  about  that. 

3345.  Then  I  gather  that  it  would  be  an  essential  part 
uf  jour  scheme  that  there  should  be  a  separate  system  of 
sewage  ? — Well,  I  think  I  prefer  it  as  most  people  would, 
but  apparently  I  do  not  think  it  will  make  very  much 
difference.  Of  course,  if  you  get  an  enormous  amount  of 
storm  water  you  have  got  an  enormous  provision  to  make 
for  it ;  there  is  no  doubt  about  that.  I  mean  to  say  the 
relation  between  the  normal  and  the  storm  water  may  be 
aujrthing,  as  you  know,  sir. 

3346.  Is  there  any  community,  any  local  authority,  that 
has  adopted  your  system  ? — No ;  there  is  no  reason  why 
they  should,  because  it  is  only  within  the  last  twelve 
months  that  I  myself  have  been  in  any  way  satisfied  that 
I  have  approached  finality  in  the  results.  I  mean  to  say 
I  was  carried  away  to  a  certain  extent,  or  thought  perhaps 
too  much  of  the  results  obtained  at  Ashtead  six  years 
ago,  but  that  is  hardly  to  be  wondered  at,  because  the 
results  at  that  time  were  certainly  samewhat  startling,  and 
I  have  explained  the  position  with  regard  to  the  view  the 
chemist  took,  and  so  on. 

3347.  And  these  plans  do  not  represent  anything  that 
actually  exists ;  they  are  more  to  explain  a  theory  % — 
Quite  so  ;  they  were  designed  for  the  paper  that  I  read  at 
Birmingham,  but  all  the  information  with  regard  to  Cater- 
ham,  of  course,  with  regard  to  cost  and  everything  else, 
as  soon  as  I  can  give  it  I  shall  have  great  pleasure  in  doing 
so. 

3348.  {Chairman.)  Have  you  provided  any  storm  over- 
flows at  Caterham  ? — Quite  lately  I  have.  I  do  not  know 
what  the  very  latest  provision  is.  I  had  a  four-inch  over- 
flow, and  I  believe  they  have  put  in  another  four-inch  pipe 
as  an  overflow,  and  it  has  been  going  fall  bore  during  some 
of  these  storms.  Of  course,  it  is  all  hydrolised  ;  I  mean 
to  say  there  is  no  crude  sewage  gets  over.  It  is  all  sub- 
jected to  the  first  part  of  the  treatment.  The  overflow 
takes  place  not  from  the  sewer  itself ;  there  is  not  a  leap- 
ing pipe  or  anything  of  that  sort ;  it  takes  the  whole  of 
the  sewage,  only  the  whole  of  the  sewage  does  not  pass 
over  the  trays.    It  is  all  dealt  with. 

3349.  The  whole  of  the  storm  water  goes  into  the  culti- 
vation tank?— Quite  so,  the  whole  of  it,  and  there  have 
been  tremendous  atorm^. 

3350.  At  what  point  is  this  storm  overflow  put  in?— 
As  matter  of  fact,  it  is  put  in  about  here — ^the  one  I  put 
in  the  other  day  {indieatir\^).  I  believe  one  has  been 
added  the  other  day  here,  relatively  to  the  other. 

3351.  (Professor  Foster.)  Did  I  understand  that  in 
these  analyses  on  page  7,  where,  as  Mr.  Killick  has  pointed 
out  to  you,  the  albuminoid  ammonia  rose  from  the  fifth 
tray  onwards— <lid  I  understand  that  you  thought  that  was 
due  to  interference  in  taking  ? — ^I  think  so ;  I  cannot 
account  for  it  in  any  other  way. 

3352.  But  there  is  no  interference  with  the  rise  of  nitro- 
gen as  nitric  acid  ;  there  ought  to  be  ? — No  ;  because  that 
process  might  go  on,  you  see,  sir ;  that  would  not  be 
interrupted. 

3353.  But  I  mean  the  nitric  acid  comes  through  the  con- 
version, does  it  not,  of  your  ammonia  and  your  albuminoid 
ammonia? — ^Yes,  but,  in  disturbing  the  coke,  in  taking 
the  sample,  you  might  have  some  flocculent  matter  carried 
away,  so  that  would  not  have  appeared  in  a  nitrogen 
change  in  any  way  ;  it  would  simply  have  stuck  to  th<* 
coke,  you  see,  and  nitrogen  change  would  go  on  indepen- 
dently of  any  disturbance.  For  instance,  supposing 
this  was  a  tray  on  which  a  nitrogen  change  was  going  on, 
and  you  got  an  increase  of  albuminoid  ammonia  here*  it 
might  arise  from  your  having — in  taking  the  plate  out 
here — started  some  flocculent  matter  from  the  trays  ab<rr6. 


4354.  In  taking  the  plate  out  ? — ^In  taking  the  plate  out ; 
the  plate  or  dish  used  for  taking  the  sample  coming  away 
from  there  might  affect  the  one  here,  you  see. 

3355.  I  may  be  wrong,  but  it  is  very  unlikely  that  thfr 
nitric  nitrogen  should  go  on  increasing  and  that  the  albu* 
minoid  ammonia  should  increase ;  it  is  not  reasonable 
at  alL 

3356.  (Dr.  BusseU.)  If  these  are  proper  explanations  of 
these  peculiarities  to  which  Professor  Foster  points,  does 
not  the  ultimate  result  come  to  this,  that  the  table  of 
analyses  is  of  no  value  whatever? — Well,  you  try  that 
question  with  Dr.  Bideal,  and  see  what  he  says ;  I  did 
not  take  them. 

3357.  It  is  e  very  natural  queation? — Yes.  I  think, 
probably,  he  will  have  an  answer  ready  for  that. 

3358.  {Professor  Foster.)  In  your  cultivation  tank  the 
nitrogenous  matter  is  to  a  large  extent  brought  to  the 
condition  of  ammonia  ? — In  the  first  tank  ? 

3369.  In  the  first  tank ;  in  your  cultivation  tank  ? — Yes. 

3360.  What  becomes  of  the  carbon  elements  of  the 
organic  matter? — ^They  are  converted. 

3361.  I  mean,  what  gases  are  given  off  by  your 
cultivation  tank? — If  you  will  ]dndly  turn  to  page  9,  you 
will  find  an  analysis  by  Sir  Edward  Frankland  ;  that  has 
dealt  with  the  carbon  there. 

3362.  Yes.  My  question  was  what  gases  are  given  off 
in  your  cultivation  tank? — I  should  think  that  all  the 
experiments  with  regard  to  Exeter  made  by  Dr.  Bideal 
upon  the  gases  there  would  apply,  no  doubt.  I  don't 
think  there  is  reason  to  suppose  that  there  is  any^ 
difference. 

3363.  That  similar  gases  are  g^ven  off? — ^That  similar 
gases  are  given  off  ;  but,  you  see,  these  analyses  are  con- 
firmed by  others.  If  you  kindly  refer  to  the  last  page. 
Dr.  Russell,  there  is  one  in  which  the  albuminoid  is  given 
as  '075  by  an  independent  analysis,  and  Sir  Edward  Frank- 
land  does  not  give  the  albuminoid  ammonia,  but  he  gives 
the  organic  carbon  as  *713— a  fall  from  5*538. 

3364.  You  have  said,  I  thank,  trying  the  liquefaction  of 
your  domestic  sewage  by  the  contents  of  the  cultivation 
tank  ?— Yes. 

3365.  That  it  was  so  rapid  that  you  thought  it  must  be 
due  to  the  action  of  enzymes? — Yes. 

3366.  Hiave  you  any  observations  to  control  that  ? — No. 

3367.  It  is  simplv  a  suggestion ^— It  gave  me  a  starts- 
there  is  a  great  deal  to  be  done,  and  one  cannot  do  every- 
thing. Of  course,  the  direct  action  of  these  enzymes 
will  be  a  very  interesting  subject  no  doubt ;  and  if  that 
experiment  was  of  anything  like  the  importance  it 
seemed  to  be,  of  course,  it  is  very  interesting  to  pursue  it. 

3368.  I  gather  that  the  whole  of  the  system  is  based 
on  this,  that  sewage  naturally  contains  all  the  organisms 
which  under  suitable  conditions  will  bring  down  the 
whole  of  the  sewage  to  carbon  dioxide  and  nitric  acid  ? — 
Quite  so. 

3369.  And  your  arrangement  is  one  for  cultivating 
them  successfully? — ^That  is  so. 

3370.  You  think  at  first  there  should  be  some  amount 
of  organic  change  corresponding  to  the  slight  amount  of 
oxygen  which  is  present  in  ordinary  sewsge? — I  think 
there  must  be,  that  you  cannot  avoid  it.  That  would  he 
the  condition  precedent  to  any  control  arrangement  ct 
any  sort.  The  oxygen  in  the  original  water  supply  will 
be  used  up. 

3371.  Then  after  your  organic  changes  which  lead,  in 
the  end,  to  ammonia,  either  completely  or  nearly  com- 
pletely, you  pass  it  through  your  successive  trays  ? — ^Yes* 

3372.  By  a  kind  of  natural  selection  you  obtain  in 
each  successive  tray  a  form  of  nitrifying  organism 
under  the  best  circumstances  to  deal  with  the  amount 
of  ammonia  which  is  left  in  the  sewage  when  it  reaches 
that  tray  ? — ^That  is  so,  and  that,  of  course,  is  automatic. 
The  survival  takes  place  strictly  in  relation  to  the  envi- 
ronment, and  obviously  the  more  equable  that  environ- 
ment is  the  better  results  are  likely  to  be  obtained. 

3373.  Ilas  Dr.  Sims  Woodhead,  who  has  assisted  you 
you  said,  made  any  examination  of  the  faima? — He  is 
now  engaged  upon  a  scries  of  experiments  with  the  fauna 
of  Ashtead  and  Caterham,  and  he  has  obtained  from  a 
small  apparatus  there  a  special  cultivation  of  a  bacillus, 
an  Ashtead  bacillus,  an  increase  of  100  per  cent,  in 
nitrogen  in  twenty-four  hours  on  its  own  sterilised 
sewage  ;  but  he  says  he  expects  even  greater  results  fro.n 
some  of  the  cocci. 
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3374.  Has  he  examined  any  of  joux  niltrifying  trays? 
— Oh,  yes  ;  these  are  the  nitrifying  trays  to  which  I 
hare  leferred.  Then  the  effect  of  these  very  highly 
anaerobic  changes  which  I  refer  to  with  <tihe  gases  oc- 
chided  in  the  inrerted  earthenware  pots,  has  been 
apparently  to  immensely  limit  the  variety  of  the  fauna 
coming  over  from  the  anaerobic  fermentation ;  that  is  to 
say,  in  the  fourth  tray,  after  an  experiment&l  bed  had 
been  working  at  Gaterham  for  some  time,  I  cannot  give 
the  time  exactly,  he  discovered  that  there  were  neither 
bacilli  nor  bacteria  there  at  all. 

3375.  When  you  speak,  as  I  think  you  do,  of  the 
possibility  of  your  ana&robic  action  being  too  great,  do 
you  mean  that  it  produces  undesirable  ammonia  com- 
pounds 9 — I  divide  that  into  two  points  in  my  evidence, 
sir.  Obviously,  you  may  have  the  ammonia  too  high  for 
the  work  of  nitrifying  organisms. 

3376.  What  is  the  evidence  of  that? — ^WeH,  I  do  not 
say  that  I  have  yet  obtained  it  from  sewage,  or  I  do  not 
say  that  sewage  may  produce  it ;  but  there  may  be  some- 
thing in  that  direction  which  I  have  not  been  able  to 
identify.  All  I  can  say  is  that  taking  one  thing  with  the 
other,  I  have  arrested  the  whole  process,  and  brought 
it  to  a  standstill  by  carrying  the  ana&robio  change  too 
far.  That  I  have  succeeded  in  doing,  and  Dr.  Bideal,  as 
a  matter  of  fact,  is  engaged  upon 

3377.  But  that  you  thought  it  might  be  that  you  had, 
so  to  speak,  suffocated  the  nitrifying  organisms,  and  killed 
them  by  suffocation  9— Quito  so,  or  the  organisms  possi- 
bly, that  have  a  facultative  capad^  of  surviving  the 
first  tliree  or  four  boxes.  That  may  be  very  essential  to 
the  action  of  the  first  three  or  four  trays  ;  that  is  to  say, 
that  the  work  of  the  first  three  or  four  trays  may  be 
of  great  importance  although  it  is  noti.done  by  specifically 
nitrifying  organisms. 

3378.  Which  tray  was  it ;  did  yott  move  one  tray  or 
more  than  one  tray  ? — Removed  two  trays. 

3379.  Which  two  were  they? — The  seventh  and  the 
eighth  in  the  place  of  the  -second  and  the  third,  I  think 
it  was. 

3380.  {ProfeMor  Ramsay.)  Is  i^e  tank  whi^^h  ml  see 
under  Section  A  B  covered  in?— It  is  at  Gaterham  en- 
tirely ;  that  is  on  account  of  frost. 

3381.  Is  anything  done  with  the  gases  which*  como  off 
sewage ;  are  tiiey  just  allowed  to  escape  ? — ^Well,  there  is 
a  chimney  provided  for  their  escape,  and  there  wiH  be 
further  provision  made  where  necessary.  Of  course,  that 
protection  would  not  apply  to  the  cases  of  climates  where 
there  was  no  frost,  but  it  may  be  an  advantage  to  blow 
air  in  as  well^  However,  as  a  matter  of  fact,  at  Cater- 
ham,  we  have  got  eight  parts  per  100,000  of  nitrates, 
which,  of  course,  points  to  a  very  fair  amount  of  afiration. 

3382.  Yes ;  but  I  thought  that  was  in  the  nitrifying 
part  of  the  plant  ? — ^I  beg  your  pardon,  you  refer  to  carry- 
ing off  the  gases  from  Uie  cultivation  tank. 

3383.  From  the  cultivation  tank?— Well,  it  is  an  ex- 
ceedingly interesting  point  that  you  have  raised. 
The  gases  that  arise,  I  think,  in  answer  to  another  ques- 
tion, I  stated  were  practically  on  the  same  footing  as 
those  which  come  off  from  Exeter  and  other  similar 
putrefactive  changes ;  but .witK  regard  to  these  cultivation 
tanks  it  has  been  an  invariable  experience  that  at  the 
end  of  about  a  fortnight  we  have  been  able  to  predict 
three  days  of  a  bad  smell,  from  two  to  three  days  of  a 
very  offensive  smell,  and  that  has  also  invariably  passed 
off,  and  the  only  way  that  I  can  account  for  it  is  that 
probably  amongst  the  top  flinto,  you  underetand,  the 
liquid  is  not  oxidised  there,  the  flints  are  raised  above 
the  top  level  of  the  liquid  for  the  purpose  of  masking  it, 
and  apparently  there  is  a  sort  of  blanket,  I  fancy,  <^  car- 
bonic acid  gas  formed,  and  there  it  lies.  At  any  rate,  as 
a  matter  of  fact,  it  does  not  smell  at  Ashtead  even  if  you 
put  your  nose  on  it,  nor  anywhere  else. 

3384.  (Professor  Foster.)  Those  three  days  are  at  the 
initiation  ? — ^Yes,  in  about  ten  days  or  a  fortnight.  I  have 
been  able  to  predict  it  in  every  ease.  I  have  been  able 
to  sav,  "Now  you  wlU  have  a  very  bad  sm^  for  a  few 
davs." 

3385.  And  that  does  not  return  ?—!niat  does  not  re- 
turn, and  that  has  been  a  universal  experience,  so  that  it 


may  be  that  carbonio  acid  does  not  rise  in  sufficient .  Mr.  w.  D. 
quantities  till  a  certain  time,  that  when  it  does  arise  it  ^^SSl^. 
forms  a  sort  of  blanket  amongst  the  flints<    At  any  rate       — 
the  amell  is  not  in  evidence  in  any  way.  **  Decases. 

3366.  {Professor  Bamsay.)  Tou  have  no  frothing  at  the 
top  of  your  flints  in  any  way  ? — ^No. 

3387.  Nothing  visible  ?— No. 

3368.  Bo  you  know  that  Dr.  Jtideal  has  been  personally 
testing  for  those  compound  ammonias  that  you  are  speak- 
ing of  ? — ^Yes. 

3389.  He  has  found  them  ? — ^Yes. 

3300.  And  they  are  known  to  be  toxic  ?•— Yes,  they  are 
methylamine  and  tremethylamine. 

3301.  I  had  not  heard  of  their  being  formed  by  such 
precipitation  before? — And  that  no  doubt  is  a  series  that 
is  formed  at  a  very  advanced  stage  of  the  anaerobic  fer- 
mentation apparently,  but  I  think  he  has  got  some  from 
the  septic  tank  at  Exeter  as  welL 

3302.  Has  he  proved  that  from  absence  of  thie  anaero- 
bic organisms  ?— No ;  but  I  think  that  they  are  destruc- 
tive of  all  living  plasm  if  there  is  enough  of  it ;  is  that 
not  so? 

3303.  Enough  of  it,  yes;  but  the  producte  of  an 
organism  would  always  destroy  it  if  they  accumulated  in 
sufficient  quantity  ?— Of  course,  I  am  not  prepared  to  say 
that  he  does  account  for  it.  You  see  my  position  is  this  : 
it  is  very  important  from  a  commercial  point  of  view,  and 
also  from  tl^e  point  of  view  of  actual  users  of  an  appara- 
tus of  this  sort  that  you  should  know  the  size  of  the 
apparatus  you  are  going  to  supply  in  relation  to  any  duty 
that  it  has  to  perform,  and  if  I  had  not  carried  that 
anaerobic  change  too  far  one  would  naturally  have  been 
always  asking  the  question,  ''Now  if  you  carried  it 
further,  can  you  not  do  with  fewer  trays?"  It  was  very 
important  that  one  ahould  know  that  there  was  some 
limit  to  this  anaerobic  change,  because  people  might  go 
off  with  the  belief  that  you  might  do  with  very  little 
nitrifying  plant,  which  is  of  course  expensive  on  a  luge 
scale. 

3394.  {Major-Oenerol  Carey.)  What  relation  does  the 
capacity  ot  that  cultivation  tank  bear  to  the  dry  weather 
flow  at  Gaterham,  or  any  typical  case?— Well,  the 
arrangement  was  veiy  much  the  same  as  that  of  Mr. 
Cameron's — S24  hours'  supply,  but  apparentlv  the  pro- 
vision of  the  stonea  makes,  I  think,  it  possible  for  this 
capacity  to  be  very  considerably  reduced,  because  very 
excellent  results  were  obteined  from  the  middle  of  the 
Gaterham  tank,  which  is  40  feet  by  20.  The  tank  at 
Gaterham  is  40  feet  long  by  20  feet  wide,  and  very  good 
results  were  obtained  from  the  middle  <^  the  tank  with- 
out use  of  the  ana^rdbic  pot  chamber  at  all,  so  that  it 
pointo  to  less  than  the  24  hour  content  being  sufficient. 

3305.  And  the  filter  is  designed  in  the  same  way  ?— The 
filter  was  designed  to  take  24  gallons  per  square 
foot  per  24  hours,  and  that  ^ves  a  little  oTer  1,000,000 
gallons  per  acre  per  day,  but  it  is  going  to  do  considerably 
greater  duty  than  that. 

3396.  What  determines  the  number  of  trays? — ^The 
standard  of  effluent  that  is  wished  to  be  obtained. 

3307.  You  must  decide  that  beforehand  ?— You  must 
decide  that  beforehand. 

3308.  You  cannot  alter  the  number  of  tra^  after- 
wards ?— You  decide  what  standard  of  effluent  you  want ; 
you  have  all  your  date  with  re^od  to  the  amount  ci 
purification  required,  the  standard  of  chlorine  ccmtained 
in  the  sewage  represeiddng  its  strength,  the  uno^genleed 

*  nitrogen  that  ia  capable  of  being  dealt  with  by  a  certain 
number  of  trays  foom  experience,  and  so  you  get  your 
whole  date  for  any  strength  of  sewage. 

3399.  If  the  effluent  is  not  good  enough,  or  if  it  does 
not  come  up  to  your  expectations,  you  have  no  alterna- 
tive ;  you  can  supply  more  trays,  but  not  in  that  installa- 
tion ?--With  regard  to  that  point,  which,  of  course,  is  a 
very  important  one,  the  margin  of  available  oxygen  in 
the  nitrates  must  be  a  very  large  one,  that  is  to  say,  that 
you  must  not  only  get  an  effluent  that  will  not  be  subject 
to  secondary  putrefaction  of  any  sort,  or  to  any  putre- 
factive changes,  nor  secondary  anaerobic  fermentetion, 
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•  Jfr.  w.  JP.  but  jou  must  also  have  one  that  is  capable   of  dear- 

•  MSmLg,  ^  ^"^^  ^P  '^'^  ^  margin ;  in  fact,  you  want  to  have 

—    *  it  better  than  a  river,  and  tb^e  percentage  of  oxidised 

i4P6c.ia8ai  nitrogen  to  the  residual  unoxidised  organio  nitrogen  from 

the  Ashtead  experimento  is  higher  than  the  Thames  at 

Hampton  Court,   so  that  it  is  better  than  the  Biyer 

Thames  at  ECampton  Oourt  from  that  p<nnt  of  view. 

3400.  Are  th(e  trays  paildcularly  liable  to  the  action  of 
frostT^-Yes,  I  think  they  are. 

3401.  Would  some  protection  be  necessary  ?— Quite  so. 

3402.  (Professor  BatMay.)  la  there  any  particular  pro- 
yision  for  aerating  the  trays  ? — ^No ;  there  is  an  air  space 
between  eadu 


3403.  (Profeesor  Foster.)  What  is  the  depQi  of  the  air 
space  ? — ^Two  inohes. 

3404.  (Chairman.)  Do  yon  ccmsider  that  the  moretiaTs 
there  are  th^  better  the  purification  f— Oh,  certainly. 

3406.  I  mean  if  instead  of  hairing?  you  had  70?-<iuite 

00. 

3406.  It  would  go  on  for  erer  being  better?— Well,  until 
you  got  a  condition  in  whicii  you  had  possibly  denitrifying 
organisms.  You  might  hare  organisms  of  ^stilled  water 
and  things  of  that  sort.  I  mean  the  survival  would  go  ou 
in  relation  to  tbe  environment  indefinitely.  I  think  there 
is  no  doubt  about  that ;  you  cannot  conceive  of  its  being 
otherwise. 


TWELFTH    DAY. 


Thursday,  15th  December ^  1898. 


psesent: 


The  Right  Hon.  The  Earl  of  Iddeslbioh  (Chairman,  presidtng)* 


Professor  Ramsat,  f.il». 
Professor  Michael  Fosteb,  f.b.s. 
Major-Gen«  Cajley. 


Mr.  Thomas  William  Kiluck. 
Colonel  Hasdino. 
Dr.  Burn  Russell. 


Mr.  F.  J.  WiLUS,  Secretary 


Mr.  Joseph  Gabtisld,  called  in ;  and 


3407.  (Chairman.)  You  are  Mr.  Joseph   Garfield,  an 
Mr.  J,     Associate  Member  of  the  Institute  of  Civfl  Engineers  and 
Garfeid.    ^^  engineer  in  charge  of  Sewage  Disposal  Works  at  Wol- 
16  Dee.  1888.  verhampton  9 — ^I  am,  my  Lord. 

3406.  Perhaps  you  would  make  a  short  statement  of 
what  you  claim  for  your  system?— Yes,  my  Lord.    The 
system  of  sewage  purification  which  I  have  to  explain  to 
the  Commission  has  for  its  object  the  purification  of  the 
liquid  from  subsidence  or  precipitation  tanks  or  that  from 
any  other  process  removing  suspended  matter,  in  other 
words,  it  only  deals  with  soluble  organio  matter  or  im- 
purity.   The  system  is  the  result  of  inTestigations  under- 
taken to  find  a  substitute  for  land  filtntion.    It  consists  of 
intermittent  filtration  through  fine  coaL    After  tarying  a 
large  number  of  substances  I  found  coal  possessed  a  special 
power  of  removing  organic  mafcter  from  solutions  by  chemi- 
cal or  physical  action  which  I  cannot  at  present  explain — 
independent  of  any  biological  purification,  which  in  the 
form  of  nitrification,  I  have  found  commenced  and  pro- 
ceeded with  greater  facility  and  energy  in  filters   con- 
structed with  coal,  than  with  any  other  material      The 
above  superior  qualities  of  coiil,  coupled  with  its  ready 
attainability  and  its  cheapness,  have  made  me  adopt  it  as 
*  the  best  material  for  the  purification  of  the  Wolverhamp- 
ton tank  effluent,  which,  although  a  difficult  one,  it  deals 
with  most  satisfactorily.    The  fine  coal  used  is  nearly  a 
waste  product  at  many  collieries,  and  can  be  obtained 
almost  anywhere  at  a  reasonable  cost.      The  peculiar 
feature  of  coal  is  that  the  effluent  from  a  coal  filter  the  first 
day  it  ia  started  is  particularly  bright  and  colourless,  void 
of  smell,  and  carries  no  bead  upon  violent  agitation.    Ko 


other  medium  I  have  tried  will  give  at  once  anything  like 
such  a  good  effluent,  indeed  the  good  appearance  of  a  ccsl 
filter  effluent  is  most  marked  over  that  oi  any  other  filter. 
The  following  analyses  show  that  there  is  a  very  marked 
diminution  in  the  quantity  of  oxygen  absorbed,  although 
the  organic  ammonia  is  not  reduced  in  the  same  degree, 
suggesting  that  the  organic  matter,  removed  immediately 
by  Ute  coSiy  is  that  portion  most  liable  to  deoompositioQ : 

Analyses  of  effluents  from  filter  just  started  :^ 


Organic 
Ammonia. 


Oxygen  a). 

sorted  in  i 
hours  at 
80deg.  F. 


Tank  effluent   - 
Filtrate    - 
Percentage  purification 


Grains  per  gallon. 

0-456 

3-102 

0-072 

0-238 

84-3 

02-5 

There  were  no  nitrates  in  either  sample. 

After  nitrification  has  set  in,  more  nitrogenous  oiganic 
matter  is  removed.  The  figures  of  analyses  set  forth  in  de- 
tail are  as  follows :— 
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Details  of  Analyses  of  Effluents  from  Precipitation  Tanks  and  Coal  Filters. 

Grains  per  GaUon* 


Samples 
CoUectecL 

Effluent. 

Free  and 

Saline 

Ammonia, 

Organic 
Ammonia. 

Oxygen 

absorMd  in 

4  hours 

at80*'F. 

Nitric 
Nitrogen. 

Combined 
Chlorine. 

Percent 

Purification 

on  Organic 

Ammonia. 

Percent 

Purificatioa 

onOxygea 

absorbed* 

1896: 

23  Jan.  • 

Tank 
FUter       . 

6-229 
5-604 

0-456 
0-072 

8*162 

0-238 

0-0 
0-0 

25-27 
2317 

84-3 

92-5 

7  Jnly   • 

.   -  Tanl 

Filter       - 

:  lost  - 
4-004 

0-837 

0-098 

• 

4-967 
0-236 

•  None  - 

•  None   - 

20-58 
18-76 

710 

95-8 

28  July   « 

Tank 
Filter       - 

-    No  samp 
1-477 

e. 

0-038 

0274 

0-83 

15-61 

— 

11  Aug.  ♦ 

Tank 
Filt^^r       - 

-    No  samp 
1-870  . 

e. 

0-034 

0191 

0-88 

16-87 

r- 

— 

6  Oct.    - 

Tank 
FUter 

•    No  samp 
2-804 

0036 

0-158 

• 

0-42 

1715 

* 

— 

19  Oct    • 

Tank 
Filter       - 

-    No  samp 
2-802 

e. 

0-045 

0-221 

0-45 

12-53 

— 

— 

25Non  • 

Tank 
Filter 

•    No  samp 
3-605 

t 

e. 

0-057 

0-221 

0-35 

18*48 

— 

— 

1897: 

3  Feb.    • 

Tank 
FUter       - 

1-867 
1-868 

0-169 
0-030 

0-974 
0155 

0-826 
0-876 

8-54 
8-33 

"82-8 

sTa 

16  Feb.    • 

Tank 
Filter       - 

3-308 
2-338 

0-218 
0-055 

1-602 
0-223 

0-154 
0-994 

10-15 
16-36 

74-8 

86-1 

8  Mar.   - 

Tank 
FUter       * 

3-486 
2-325 

0-233 
0-056 

1-245 
0197 

0-154 
0-343 

9-73 
9-59 

76-0 

84-2 

5  May   • 

Tank 
FUter       - 

4012 
2-335 

0-384 
0-063 

8-361 
0-334 

•    None   - 
117 

13-58 
15-40 

81-2 

90-2 

11  May   . 

Tank 
FUter       - 

4-668 
2-912 

0-366 
0-052 

5-067 
0-281 

-    None   - 
1-17 

15-47 
15-68 

85-8 

94-5 

14  July   . 

Tank 
FUter       - 

8-490 
0-015 

0-221 
0-022 

3-000 

0-737 

Much  nitrite. 

-    None   • 
2-19 

12-60 
15-40 

90-1 

75-4 

26  July   . 

Tank 
FUter       « 

3-794 
0-005 

0-158 
0-023 

1-573 
0-151 

•    None   • 

♦    2-80 

16-38 
14-21 

85-6 

90-4 

■ 

6  Sept.  « 

Tank 
FUter       . 

1-580 
0-350 

0-13 
0-021 

6-758 
0130 

0-21 
1-00 

6-37 
6-72 

83-9 

82-9> 

1898: 

• 

1  Mar.  • 

Tank 
FUter 

2-916 
2-333 

0-349 
0-051 

1-21 
0-227 

010 
1-03 

12-11 
16-73 

85-4 

81-8 

5  May  • 

Tank 
FUter 

4-998 
1-400 

0-302 
0*012 

1-587 
0-237 

-    None    - 
2-80 

— 

86-1 

85-1 

20  June  • 

Tank 
FUter       • 

* 

4-487 
0-796 

0243 
0038 

0-990 
0-207 

-    None    - 
1-67 

1 

11-83 
11-90 

84-4 

79-1 

U  Aug.  -       • 

Tank 
FUter 

6-147 
1-000 

0-346 
0-041 

6-777 
0-262 

-    None    • 
1-4 

20-58 
18-20 

88-2 

96-2 

14  Sept.  • 

Tank 
FUter       . 

5-467 
0-697 

0-370 
0-044 

3-213 

0-292 

-    None    - 
2-55 

26-32 
20-58 

88-1 

91-0 

E.  W,  T.  Janes,  F.I.C. 
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ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  J.  ^     Dr.  A.  Bostock  Hill,  Gouniy  Analyst,   Birminghain, 

OafjkU.     eoncludes  a  paper,  which  he  read  on  "Filtration  of 

16 Dec  1806.' Sewage  through  Coal"  at  the  Congresa  of  the  Sanitary  Ih- 

stitute  in  18^,  with  the  following: — ^"I  submit,  there- 
fore, that  in  coal  we  haye  a  filtering  medium  whieh  pro- 
duces a  result  tai  better  than  that  cUumed  for  other  media. 
It  is  superior  to  coke,  breeze,  or  ballast,  in  that  it  has  at 
once  a  chemical  action,  and  its  purifying  power  is  marked 
from  the  first  day  it  is  used,  although  a  still  better  result 
is  obtained  after  a  period  of  two  or  three  months'  use.  The 
medium  is  cheap  and  easily  obtained,  and  although  in  the 


past  I  have  looked  upon  filtration  of  sewage,  otherwise 
than  through  land,  as  of  partial  and  limi.ed  value,  I 
strongly  beliere  that  the  death  knell  of  the  costly  sewage 
farm  has  been  rung,  and  what  is  of  far  more  importance 
from  an  economic  and  sanitaiy  sense,  the  problem  of 
sewage  disposal  has  been  at  last  solved,  and  the  preyention 
of  pollution  of  our  riyers  and  streams  has  became,  n^t  only 
possible,  but  practicable." 

Then  follows  details  of  analyses  of  Lichfield  effluents  as 
follows: — 


LICHFIELD    SEWAGR 


Analyses  of  Effluents  from  Precipitation  Tanks  and  Coal  Filters. 


Parts  per  100,000. 

17  March  1897. 

24  March  1897. 

31  March  1897. 

7  April  1897. 

A            m 

• 

• 

Tank. 

FUter. 

Tank. 

FUter. 

Tank. 

Filter. 

Tank. 

Filter. 

Free  Ammonia  -        .        -       « 

0-412 

1 

0-400 

1-00 

030 

0-75 

0-42 

0-875 

m 

0-40 

Alb.  Ammonia  -        -        >        - 

0-002 

0-oao 

015 

0-058 

0-12 

0-028 

0-180 

0-036 

Chlorine 

5-1 

12-0 

6-0 

7-4 

6-1 

6-5 

6-7 

'6-6 

N  as  Nitrate       .... 

0-44 

0-.33 

aa^ 

1-07 

— 

0-35 

— 

0-33 

0  absorbed  4  hr>.  80  deg.  F. 

0-424 

0131 

1-24 

0-14 

0-676 

0-268 

0-952 

O-202 

Total  Solids       .... 

68- 

78- 

70- 

71- 

70- 

70-& 

60- 

64- 

Odour 

Slight 

V.  Slight 

— 

^^^ 

— 

1 

— 

Appearance 

SI.  Turbid 

Brt.  &  Clr. 

1 

SI.  Turbid 

F. 
Brt  &  dr. 

8L  Turbid 

Brt.  &.Ch-. 

SL  Turbid 

BeL  ^  Clr. 

Parts  per  100,000.    : 

l4Api 

1 

t 

111897.     ^ 

•               1 

aOApi 

i\  1897. 

8  May  1897. 

0  September:  1897. 

1 

Tank. 

Filter.  > 

i 

Tank. 

Filter. 

Tank. 

Filter. 

Tan)c. 

Filtw. 

Free  Ammonia   .... 

1-02 

0-431 

1-66 

.      0*061 

2-371 

• 

0104 

■ 

0-940 

1-016 

Alb.  Ammonia  .... 

0-04 

0-025; 

0-230 

0-025 

0-342 

0-Q48 

0-192 

.  0-072 

Chlorine 

6-4 

6-9 

6-9 

7-4 

7-7 

7-7 

5*4 

32-9 

N  as  Nitrate      .        .        .        . 

0-44  ; 

— 

0-88 

— 

1-23 

^^BIWI 

— 

0  absorbed  4  hrs.  80  deg.  F. 

0-2 

016- 

1-06 

0-12 

1-82 

0-2 

0.95 

•  0-286 

Total  Solids        .        .        .        . 

66- 

68- 

64- 

70- 

69- 

77- 

51- 

118- 

Odour 

^^,^ 

_^ 

S.S.  Bry. 

None 

S.S.  Bry. 

None. 

S.S.  Brt. 

None. 

refuse. 

refuse. 

* 

refuser 

m 

Appearance        .... 

SI.  Turbid 

F.  Brt. 

SI.  Turbid 

Brt.  &  Clr. 

SI.  Turbid 

Brt.  &  Clr. 

SI.  Opal 

V.  Slight. 

&Clr. 

• 

Niew  Filter. 

A.  Bostock  Hill. 


Dr.  Hill,  writing  on  October  17th  this  year  says: 
''Since  the  analyses  were  published  further  experience 
has  shown  me  how  valuable  coal  (properly  used)  is  as  a 
purifying  medium  for  sewage.''  The  following  f  gures  are 
taken  from  a  report  to  the  Staffordshire  County  Council, 
by  the  Medical  Officer,  Dr.  George  Reid,  on  ''  Sewage 
Disposal  at  Tipton."    "  E^Eperimental  Filters." 


Organic 
Ammonia. 

Oxygen  abtorbed  in  4  Hours 
«t80deg.  F. 

Nitric 
Nitrogen. 

• 

Parts  per  100,000. 

I 

Tftnk  effluent  • 

0-2S 

on  . 

Kil 

Coke  breese  filter  - 

O'lO 

0-68 

0^ 

Ottfleld'icoftl  filter 

0-04 

0-90 

0*81 

Percentage  Purificatioii. 

On  Organic  Ammonia  BasiF. . 

Coke  breeze  filter   •  .    33*2 

Garfield's  coal  filter  -  -    80*6 

On  Oxygen  Absorbed  Basis.   . 

Coke  breeze  filter    -  -    29*0 

Garfield's  coal  filter  j       •    70*8 

>  •  .  - 
D^.  Beid  says :  "  When  the-l^pton  experiments  were 
first  started  the  only  knowledge  we  had  of  ooal  as  a  filter- 
ing medium  was  that  derived  from  the  working  of  the  ex- 
perimental filter  at  Wolverhanfpton.  Sindfe  th&i,  how- 
ever, coal  filters,  on  a  comparatively  large  scale,  hare  been 
constructed  in  other  districts  in  this  coun^  and  in  Derby- 
shire with  uniformly  excellent  resultik" 

Details  of  the  analyses  of  effluents  at  Tipton  are  as 
follow :— 
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SEWAGE  FILTRATION  AT  TIPTON. 
Details  of  Analyses  of  Effluents. 
PartA  per  100,000. 


Mr.  J^ 

GarfUld. 

16I>ac.l8Bb. 


Tank  Effluent. 


Solids. 

Chlorine. 

Fieef 
Ammonia. 

Organic 
Ammonia. 

Oxygen 
abeorbed 
in4hr8. 
at  80«  F. 

Nitric 
Nitrogen. 

Depth  at 

wnich 

test  lines  are 

obscured. 

Sample 
Collected. 

In 
Solution. 

In 

Suspen- 
sion. 

Total 

1896. 

8  Sept.      • 

73-0 

6-0 

79-0 

9-2 

1-760 

0-299 

1-600 

NU. 

1-5 

19  Oct 

84-0 

NU. 

84-0 

10-2 

1-640 

0196 

0-696 

NU. 

40 

4  Nov.       . 

87-0 

NU. 

87-0 

10-6 

1-660 

0-304 

0-888 

NU. 

3-5 

1897. 

• 

11  Jan. 

94-0 

NU. 

94-0 

10-0 

1-619 

0-106 

O'ko 

SI.  Trace 

7-5 

8  March    • 

92-0 

1-0 

93-0 

10-2 

1-536  ' 

0-270 

0-762 

0-05 

4-0 

6  March    • 

102-0 

Nil. 

1020 

11-0 

1-078 

0-112 

0-500 

Trace. 

14-0 

30  March    - 

93-0 

NU. 

930 

10*8 

1176 

0132 

0-584 

NU. 

8  0 

21  April      - 

87-0 

4-0 

910 

10-2 

1-153 

0-297 

0-972 

Nil. 

4-0 

17  May 

75-0 

3-0 

78-0 

110 

0-885 

0*234 

1060 

NU. 

3-5 

9  June 

720 

NU. 

720 

9-6 

1016 

0-250 

0-440 

NU. 

4-0 

14  Jnne 

89-0 

NU. 

690 

10-0 

0-936 

0171 

0-344 

NU. 

15-0 

19  July 

680 

7*0 

75-0 

110 

0-840 

0-506 

1-168 

Trace. 

2-5 

28  Sept      - 

79-0 

NU. 

79-0 

9-4 

0977 

0147 

0-580 

NU. 

♦ 

14-0 

Mean        • 

82-7 

1-6 

84-3 

10-2 

1-25 

0-23 

0-77 

NU. 

Coke  Breeze  Filter. 


1896. 

6  Sept      - 

70-0 

NU. 

70*0 

8-8 

1'760 

0*219 

0*668 

NU. 

4  inches. 

19  Oct 

87-0 

NU. 

87*0 

0-8 

1-300 

0-144 

0*468 

0-10 

5      n 

*  Nov.       - 

89-0 

NU. 

98*0 

10-4 

1*560 

0-264 

0*640 

NU. 

3-5      ., 

1897. 

11  Jan. 

94-0 

NU. 

94*0 

10-2 

1-344 

0-092 

0*440 

0-35 

7     « 

30March    • 

97-0 

NU. 

97-0 

10-8 

0-666 

0*077 

0-368 

0-42 

»•»     » 

21  April      . 

88*0 

NU. 

88*0 

10*0 

0-791 

0-210 

0*944 

0-41 

6      „ 

17  May       - 

76-0 

2*0 

78-0 

10-6 

0-733 

0-196 

0-872 

0-41 

7-5      „ 

9  June 

75-0 

2*0 

77*0 

9*4 

0-468 

0156 

0-360 

0-42 

6-6      „ 

14  June 

70*0 

NU. 

70*0 

9-8 

0-368 

0-126 

0-360 

0-61 

over  2  ft. 

19  July       - 

74-0 

5-0 

79*0 

10-8 

0-032 

0*200 

0-748 

111 

6H)  inches. 

Mean 

84*0 

0*9 

84*9 

10-0 

0-90 

•    • 

016 

.               * 

0-58 

0*38 

• 

1 

"Garfield"  Coal  Filter, 

* 
•                    •            • 

1897. 

• 

« 

6  March    • 

113*0 

NU. 

113*0 

12-8 

0^740. 

0*030 

0-116 

010 

over  2  ft 

30  March    - 

96-0 

1-0 

.  97*0 

11-0 

0*475  . 

.  0*042 

0*236 

0-55 

»f 

21  April      • 

103 -a 

2-0 

105-0 

11-0 

.0-012  ' 

.  0-024 

0*172 

0-96 

If        It 

17  May       -       - 

101-0 

NU. 

101*0 

11-0 

0-064 

0*037 

1 

0*200 

2-08 

!• 

9  June 

81K) 

.NU. 

81-0 

9-4 

1 

(K)04 

<• 

0*043 

0120 

0-87 

15*5  inches. 

14  June 

79:0 

NU. 

* 

79-0 

lO-O 

0-135  ' 

0-058 

0-184 

0-61 

over.  2  ft 

19  July,      - 

77-0 

•              r 

NU. 

77-0 

10-8 

.   0108 

0-088 

.    0-348 

0-39 

12*5  incbcH. 

28  Sept       -        - 

81-0 

NU. 

81-0 

9-2 

0025 

0-042 

• 

0*272 

0-95 

over  2  It 

Mean 

91-4 

0-3 

91-7 

10  « 

0-19 

'   0-04 

0*20 

0-81 
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ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  J. 

15  Dec.  1888. 


Coke  Breeze  - 
GarfieUrs  Coal 


Percentage  Purification. 


On  Organic 
Ammonia. 


33*2 
80*6 


On  Oxygen 
absorbed. 


200 

70-8 


The  following  is  an  extract  from  a  book  on  "  The  purifi- 
cation of  S^^ge,"  by  Dr.  Sidney  Barwise,  Medical  Officer 
of  Derbyshire  Counl^  Council,  page  131 :  "The  following 
are  some  results  obtained  with  coal,  destructor  breeae,  and 
coke  breeze  filters  at  Buxton :  — 


Parts  per  100,000. 

Filter. 

Tank  EfRuent. 

Filtered  Effluent. 

Organic 
Ammonia. 

Nitrogen 

as 
Nitrates. 

Organic 
Ammonia. 

Nitrogen 

as 
Nitrates. 

Deetmctor  breeze     - 
Coke  breeie 
Coal    •       -       • 

0-23 
0-23 
0-2S 

Nil 
Nil 

Nil 

1— 

0-10 
0-11 
0U6 

0-10 
009 
0-4S 

3409.  (2>r.  Eussell)  Are  these  all  places  where  your 
process  has  been  carried  out  ? — ^Yea,  sir. 

3410.  Coal  filtration  ?— Coal  filtration. 

3411.  {Colond  Harding.)  Following  precipitation?— 
Following  subsidence,  or  any  other  process  removing  tos* 
pended  matter.  It  is  a  fine  filter ;  it  is  not  a  coarse  filter. 
In  the  case  of  Tipton,  where  the  experiments  were  carried 
out  by  Dr.  Reid,  Medical  Officer  of  Health  of  the  Stafford- 
shire County  Council,  the  sewage  is  precipitated  by  lime, 
and  the  tank  effluent  put  on  to  the  coke  breeze  filter  and 
Garfield's  coal.  It  is  a  weak  sewage.  "In  addi- 
tion to  being  tried  at  Buxton  and  Tipton,  coal 
filters  have  been  tried  at  Lichfield,  Chesterfield,  and 
Kimberley  with  equally  striking  results.  Effluents  'Buch 
as  those  from  the  coal  filters  at  Tipton  and  Buxton,  con- 
taining a  large  quantity  of  nitrates  and  little  organic 
ammonia,  are  practically  perfect." 

Construction  of  Coal  Filter. — The  denth  of  filtering 
media  should  be  5ft.  where  possible.  The  whole  of  the 
coal  used  (except  a  little  over  and  about  the  under  drains) 
will  pass  a  3-16th  inch  mesh.  This  is  divided  into  two 
sizes,  which  I  call  ^  inch  cubes  and  l-16th  inch  cubes.  The 
fine  dust  and  dirt  being  removed,  the  l-16th  inch  cubes 
form  the  top  layer  of  the  filter.  The  liquid  to  be  purified 
is  distributed  over  the  surface  of  the  filter  bv  means  of 
open  gutters  or  perforated  pipes.  Percolating  slowlv 
through  the  bed  of  coal  the  liquid,  on  reaching  the  under- 
drains,  is  at  once  discharged.  The  effluent  drains  being 
always  kept  fully  open  it  is  not  necessary  to  make  the 
filter  tank  watertight.  t7(»t.— -B  must  be  remembered 
that  the  se#age  to  be  treated  mtist  have  undergone  a  pro- 
cess of  clarification  for  the  removal  of  suspended  matters, 
and  in  some  cases  to  be  chemically  treated  before  being 
applied  to  the  filters,  as  when  it  contains  strong  galvanising 
pickle.  Excluding  this  preliminary  treatment  tlie  capital 
cost  varies,  as  the  site  is  near  to  or  far  away  from  a  col- 
liery, from  £3  to  £5  per  1,000  gallons  per  day,  no  brick- 
work or  concrete  being  used  in  the  construction  of 
tiie  filters.  These  filters  have  been  constructed  at  a  cost 
of  33s.  per  1.000  gallons  per  dav,  and  on  the  other  hand 
filters  to  deal  with  a  very  small  volume  of  sewage  have 
cost  £11  per  1,000  gallons  per  day.  In  this  latter  esse 
brickwork  was  used  in  the  construction  of  the  filters. 
C\trrmt  Cost. — ^My  filters  not  having  been  in  operation 
more  tiian  two  and  a-half  yea»  it  is  not  possible  to  give 
any  exact  figures  for  the  current  cost.  Up  to  the  present 
time  the  current  cost  is  about  Is.  6d.  a  year  per  1,000 
gallons  treated  daily.  Admixture  of  Trade  Befuse.—H 
the  trade  refuse  be  mineral,  it  would  not  affect  the  co«t,  as 
it  would  have  to  be  removed  by  the  preliminary  treatment. 
If  exoeasively  organic,  the  area  of  filters  would  have  to 
be  increased  in  proportion  to  the  strength  of  the  sewage 
mixed  with  the  trade  waste.  This  wouW  also  increase  the 
current  cost  in  proportion  to  the  increase  in  filter  area.    In 


Geo.  Eeid,  County  Medical  Office. 

conclusicm  I  should  like  to  point  out  that  a  veir  high  de- 
gree of  purity  has  been  aimed  at,  and  to  obtam  i&s  the 
rate  of  filtration  has,  in  most  cases,  not  exceeded  one  mil- 
lion gallons  per  acre  per  day. 

3412.  (Chairman.)  As  I  understand  nothing  gets  on 
to  these  filters  except  sewsge  that  has  been  previously 
prepared  in  some  way? — ^Yes,  my  lord. 

3413.  No  solid  sewage  gets  on  to  them  at  all? — So 
solids  in  suspension ;  all  solids  ta "  suspension  are 
removed. 

3414.  And  may  I  ask  whether  the  sewage  in  your  filters 
does  not  tend  to  make  channels  for  itself,  er  how  you 
prevent  it  doing  so  ? — ^The  sewage  on  the  surface  does  tend 
to  make  channels,  and  to  avoid  that  the  filter  is  forked 
over  once  in  three  to  six  weeks.  That  is  the  chief  expense 
in  maintaining  the  filter. 

3415.  Where  is  the  principal  place  in  Fdngland  that 
the  system  is  in  force  now,  that  it  could  Be  best  seen? 
— ^At  Wolverhampton,  or  it  is  at  Lichfield,  where,  in  a 
month's  time,  there  will  be  1,600  yards  of  new  filter 
started. 

3416.  I  suppose  the  Commission  could  see  it  if  they 
wanted  to  ?— <]!ertainly,  my  lord. 

3417.  And  what  sort  of  population  wiH  that  deal  with 
at  Lichfield  ? — ^A  population  of  5,000,  my  lort}. 

3418.  Have  you  any  samples  of  the  filter  effluent  which 
have  been  kept  for  a  long  period  and  then  analysed? — 
I  have  kept  samples  for  more  than  two  years.  I  have 
no  analyses  of  the  samples  after  they  have  been  kept 
that  period ;  but  they  have  shown  no  signa  of.  secondary 
decomposition  or  putrefaction  whatever  during  th«  whole 
time. 

3410.  (Colonel  Sarding.)  The  size  of  material  that  you 
use  being  l-16th>  of  an  inch  would  be  quite  different, 
would  it  not,  from  that  of  coke  filters  with  which  you  are 
making  comparisons  ? — ^It  would  be  smaller,  sir. 

3420.  Much  smaller? — It  would  be  much  smaller. 

3421.  What  would  be  about  the  size  of  the  coke  with 
which  you  are  comparing? — ^About  jp  of  an  inch. 

3422.  And  was  the  coke  filter  being  used  hi  the  same 
w«&y  as  your  own  by  continuous  action  7— ;-In  the  first  case 
it  was  used  by  filHng  the  filter  tank  fuU  of  water,  and 
allowing  it  to  stand  for  two  hours,  and  then  run  off,  but 
for  the  second  period  of  time  it  was  used  continuously  the 
same  as  the  coal  ffiter. 

3423.  With  about  the  same  fiow?— Exactly  the  same 
flow. 

3424.  Then  you  have  not  given  any  explanation  of  the 
action  of  the  coal  filter,  but  you  rather  suggested  that  it 
might  be  chemical? — ^It  was  Dr.  Hill  who  suggested  that 
it  was  chemical.  I  was  quoting  from  Dr.  Bostock  Hill  at 
that  time.  For  myself  I  do  not  know  how  to  explain  it  at 
aU. 

3425.  But  you  have  dug  down  into  your  filters,  have 
you  not? — ^Dug  down  several  times. 

3426.  And  they  have  been  at  work  over  two  years  ? — 
Yes. 

3427.  Well,  have  you  been  able  to  notice  uiy  change 
in  the  appearance  of  the  coal ;  has  there  been  any  dis- 
integration of  the  coal? — I  have  noticed  no  change,  or 
any  disintegration  whatever,  three  or  -four*  feet  down 
the  filter. 

3428.  And  that  would  lead  you,  would  it  not,  to  con- 
clude that  there  probably  was  no  chemical  action,  pos- 
sibly a  mechanical,  or,  it  may  be,  a  biological  ?— There 
is  some  action  takes  place  before  biological  action;  but 
whether  it  is  chemical  or  purely  a  physical  action  I  cannot 
say. 

3429.  You  had  no  experiments  made  with,  the  micro- 


MINUTES  OF  EVIDENCE. 


199 


scope  or  otherwise  to  find  out  what  tlie  bacterial  condi- 
tions were  of  the  filter  ?— None  at  all,  sir.  That  is  when 
it  was  first  started. 

3430.  (Dr.  Euasell)  What  is  the  construction  of  your 
filters?  I  mean  haye  you  a  brickwork  case?— It  is  not 
necessary  to  have  brickwork,  neither  is  it  necessary  to 
have  the  tank  watertight.  The  filter  is  nerer  filled  with 
water,  it  is  percolating  slowly  from  top  to  bottom  the 
whole  time. 

3431.  Practically  it  is  a  hole  in  the  earth  ?— Practi- 
cally a  hole  in  the  earth,  yes, 

3432.  Is  that  actually  the  nature  of  the  filters  that  you 
have  in  operation  at  Wolverhampton  ?— The  filter  in 
opeiation  at  Wolverhampton  is  brickwork. 

3433.  (Colond  Harding,)  Have  you  at  the  side  of 
your  filters  any  drain  pipes  or  any  means  of  aeration  ?-- 
I  have  experimented  with  that,  sir,  but  I  have  abandoned 
theni. 

3434.  You  hare  found  that  to  artificially  brina  mi  to 
the  bottom  of  the  bed  waa  not  neceasaiy  ?— I  found  that  at 
was  better  for  the  air  to  paes  down  through  the  filter 
itself,  as  the  water  was  passing  on  to  it  in  the  continual 
working. 

3435.  (Dr.  BusseU.)  In  these  other  place*— Buralem, 
Tipton,  Chesterfield,  Lichfield— have  they  got  brick 
tiuoks,  or  are  they  holes?— Burslem?  I  cannot  say  at 
Burslem ;  Buxton  has  brick ;  Chesterfield  has  brick- 
irork;  Ftoton  has  brickwork;  Honington  brickwork; 
Kimberiey  has  earthwork ;  Malvern  has  brickwork ;  Tip- 
ton brickwork ;  Tunatall  brickwork ;  and  Wolveriiampton 
brickwork. 

3436.  So  that  in  the  majority,  as  a  matter  of  fact,  they 
are  brickwork  tanks? — Those  are  on  a  small  scale,  and 
they  found  it  advisable  to  construct  the  brickwork 
round.  At  Lichfield  the  experimental  tank  is  brickwork, 
the  tanks  which  they  have  constructed  now  are  eatt^- 
work. 

3437.  What  is  the  nature  of  the  surrounding  soil ;  what 
demarcates  the  portion  that  you  call "  filter  "  from  the  por- 
tion that  is  practically  the  native  earth  ?— There  is  practi- 
cally no  dividing  line,  sir. 

3438.  Does  the  filtrate  from  those  holes  go  right  away ; 
how  is  it  collected  ?— It  is  collected  hy  undor-draina.  The 
bottom  of  the  earthwork  dug  out  is  under-drained  and  the 
bottom  of  the  filter  is  made  to  slope  to  the  under-drain  and 

the  earthenware  pipes  are  carried  directly  under  the  em- 
bankment, and  out  either  into  the  watercourse  or  on  to  a 
field,  as  in  the  case  of  Lidifield. 

3439.  Then  when  you  say  "bottom"  you  really  mean 
the  place  where  the  coal  stops,  and  where  the  earth 
begins?— That  is  so. 

3440.  Then  you  say  that  the  action  seems  to  be  im- 
mediate, that  is  to  say  that  you  run  on  your  precipitation 
effluent,  or  whatever  it  may  be,  and  that  at  once  you  find 
that  the  filtrate  ia  pure;  it  does  not  improve?— It  im- 
proves at  once,  sir. 

3441.  Yes,  but  is  it  not  imperfect  at  first,  and  improves 
in  its  action  after  a  day  or  two  or  a  week  or  two?— Yes, 
it  improves  when  nitrification  sets  in. 

3442.  So  that  whatever  is  the  cause  of  the  purification 
it  is  something  that  improves  through  use  up  to  a  certain 
point.  It  becomes  more  active  through  use,  through  the 
use  of  the  filter  ?— The  improvement  I  put  down  to  nitri- 
fication. 

3443.  Well,  I  want  to  have  first  whether  it  is  a  fact  that 
you  have  noted  that  the  filtrate  improves  in  its  quality 
after  the  filter  has  been  in  use  for  a  period?— It  does. 

3444.  Of  course,  that  is  exactly  what  a  biological  filter 
does  ?— Certainly .  With  reference  to  that  I  should  like  to 
explain  that  the  first  action  is  very  marked  from  466 
oiganic  ammonia  in  the  tank  effluent  to  *072  the  first  day 
the  filter  started. 

3446.  Then  you  keep  them  at  work  continuously  ^For 
twelve  hours  in  the  day  and  rest  them  for  twelve  hours  in 
the  day. 

3446.  Well,  that  is  another  biologic^  feature  ^—Oer- 
tainly,  it  is  a  purely  biological  filter. 

3447.  But  I  think  you  told  us  that  you  had  not  made 
tip  your  mind  whether  it  was  mechanical  or  bidogicaL  I 
think  you  said  so  to  Colonel  Harding  ?— That  is  the  pecu- 
liar action  the  filter  has  in  the  first  instance  before  bio- 
logical action  sets  in. 

3448.  Oh  yes,  I  see ;  you  start  off  with  an  amount  of 
purification  that  you  do  not  think  biology  will  explain  ? — 
That  is  it,  sir. 
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3449.  Nevertheless,  it  is  a  purification  that  growa  by  use 
and  requires  aSration  ? — Certainly,  air. 

3460.  To  keep  it  up  ?— Certainly,  sir. 

3461.  {Professor  Foster,)  You  have  had  no  bacteriologi- 
cal examination  made  of  your  system  ? — ^No  full  baoteriolo- 
gicid  examination. 

3462.  Not  at  all  ?— Yes,  I  have  one. 

3463.  To  what  extent?— ^Mr.  Jones,  the  County 
Analyst  of  Stafi'ordshire,  made  an  examination,  and  he 
found  the  oiganisms  that  lived  at  blood  heat  reduced  09*7 
per  cent. 

3464.  There  was  a  reduction  of  99-7  per  cent  of  the 
organisms  existing  at  blood  heat,  and  present  in  your  pre- 
cipitation effluent? — ^Yes. 

3466.  99-7?— Yes,  997. 

3466.  Was  that  after  the  filter  had  been  working  for 
some  time  ? — Yes,  it  had  been  working  for  more  than  six 
months ;  I  cannot  say  exactly  how  long. 

3467.  You  said,  I  think,  on  the  first  day  there  was  a  re* 
duction  in  the  organic  ammonia  to  this  extent  that  in  the 
material  thrown  on  the  filter  there  was  *466  ?— That  is  sd 
i(ir. 

3468.  And  that  on  tiie  first  day  it  was  reduced  to  *072  ? 
•  -Yes,  that  is  so. 

3469.  At  that  time  there  was  no  nitrate  at  all  in  t!ie 
filtrate  ? — No  nitrate  in  the  filtrate. 

3460.  Subsequently  nitrates  appeared  in  the  filtrate  ? — 
Tea. 

3461.  And  during  that  time  what  was  the  organic  am- 
monia in  the  filtrate  ? — ^You  say  on  the  first  day  it  fell  to 
'072,  and  subsequently  improved ;  to  what  extent  waa  the 
improvement;  what  was  the  further  reduction  in  the 
organic  ammonia  ?—*056,  '063,  062,  022,  *023,  021,  061, 
•022,  -038,  -041,  044. 

3462.  Your  greatest  is  -021?— That  is  the  lowest  figure. 

3463.  Then  on  that  first  day  the  ammonia  musib  have 
been  retained  in  the  filter? — ^The  organic  ammonia f 

3464.  The  organic  ammonia  must  have  been  retained  in 
the  filter? — Certainly. 

3466.  But  you  have  no  view  as  to  how  it  was  retained  ? 
— ^No,  I  have  not. 

3466.  (Professor  Batnsay.)  It  is  called  albuminoid  am- 
*  monia  ? — Albuminoid  ammonia. 


Mr.  J. 
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.3467.  There  is  only  one  question  I  wish  to  ask  you  ; 
that  is,  is  the  filter  full  of  liquid  or  does  it  dribble  f  Does 
the  sewage  that  goes  on  to  the  filter  fill  it  up,  or  is  a  large 
part  of  the  filter  filled  with  air? — ^A  large  part  of  the  filter 
IS  filled  with  air  the  whole  time. 

3466.  The  whole  time  ?-^The  whole  time  the  filter  is 
at  work,  and  of  course  when  it  is  resting  as  welL 

3469.  Have  you  any  idea  of  the  proportion  of  the  filter 
that  holds  water? — ^I  have  no  exact  proportion. 

3470.  You  could  get  at  it,  I  suppose,  from  the  area  of 
the  filter  beds  and  the  amount  you  allow  to  flow  on  ? — ^I 
have  done  that  in  one  case.  That  is,  I  back  pounded  the 
water  in  a  small  filter,  the  capacity  of  the  tank  was  re- 
duced one-half  by  the  coal  in  it.  It  only  held  half  as 
much  water  after  it  had  been  filled  with  coal  as  before. 

3471.  But  yon  do  not  know  how  much  of  the  filter  when 
it  is  in  action  is  filled  witii  air,  and  how  much  is  filled  with 
water? — ^No,  sir. 

3472.  Do  you  think  it  is  a  large  amount? — ^>'es,  I  think 
it  is  a  large  amount.  The  sewage  when  wctfking  takes 
about  three-quarters  of  an  hour  to  go  through,  and  in 
t^at  time  there  has  been  about  three  inches  depth  of 
water  run  on  the  filter,  so  that  I  think  you  may  say  the 
whole  filter  contains  what  would  form  a  depth  of  three 
inches  on  the  suiface. 

3473.  To  be  quite  dear  the  water  does  not  actually  lie 
three  inches  deep  on  the  surface,  but  supposing  all  that 
water  were  placed  on  the  surface  it  would  cover  the  filter 
to  three  inches  ? — It  would  cover  the  filter  to  three  inches. 

3474.  (Professor  Foster.)  What  is  the  size  of  the  filter! 
— Five  het  deep. 

3476.  (MajoT-Chnerdl  Carey.)  Do  you  consider  it  abso- 
lutely necessary  to  shut  off  the  filter  for  twelve  hours  in 
order  to  produce  the  results  Uiat  yoa  obtain  ? — ^It  is  ab- 
solutely necessary  to  give  it  some  rest 

3476.  Have  you  tried  intermediate  periods  of  rest? — I 
have.  * 

3477.  Quite  so ;  one  period  of  twelve  hours  ? — ^At  the 
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Mr.  J,      present  time  we  aro  working  it  at  Wolverhampton  four 
^^M^    houis,  and  resting  it  four  hoars. 

15  Dec.  1896.     ^^g   ^^  WolFOThampton  ?-tAt  Wolverhampton  at  the 
present  time. 

9479*  I  undeistood  tiiat  the  sewage  ran  through  for 
twelve  hours,  and  was  turned  off  for  twelve  hours ;  that 
that  was  the  intermittent  period  ?— That  is  the  case  in 
some  places.  In  fact,  withi  one  filter  at  Wolverhampton 
that  is  the  case  now.  Another  filter  is  working  four  hours 
and  resting  four  continually. 

3480.  lind  what  difference  is  there  in  results? — ^I  am 
unable  to  notice  much  difference. 

3481.  An  intermittent  filter  for  shorter  periods  of  inter 
mittency  would  enable  you  to  pass  more  sewage  through, 
would  it  not  ? — ^The  total  for  the  twenty-four  hours  is  the 
same,  sir,  three  periods  of  four  hoois  resting  and  work- 
ing. 

3482.  What  is  your  maximum  rate  of  filtration  in  gal- 
lons per  square  yard  % — T^e  usual  rate  is  at  the  rate  of 
400  gallons  for  twelve  hours,  making  a  total  for  the 
twen^-four  of  only  200  gallons  per  sqiuure  yard. 

3483.  I  do  not  quite  understand  your  Lichfield  filters. 
I  understand  that  they  are  1,600  yards  ? — ^They  are  1^600 
yards. 

3484.  For  a  populationof  5,0007— 5,000;  thepopulation 
of  Lichjfield,  I  believe,  is  8,000,  but  these  1,600  yards 
treat  the  sewage  of  about  5,000  of  the  population. 

3485.  About  150,000  gallons.  Do  you  calculate  it  at 
tiiirty  gallons  per  head? — ^We  calculate  to  put  on  200 
gallons  per  square  yard  on  the  1,600  square  yards. 

3486.  That  is  320,000  gallons  per  day?— Yes. 

3487.  As  you  only  put  it  on  for  twelve  hours,  I  sup- 
pose it  would  be  160,000? — ^No,  sir;  we  put  it  on  at 
double  the  rate  while  it  is  at  work. 

3488.  My  point  is  that  taking  5,000  population  at  thirty 
galloiiB  per  head  per  day  would  only  be  150,000  gallons 
pev  day ;  but  as  I  understand  you,  you  pass  320,000  ? — 


The  total  volume  of  sewage  delivered  at  Lichfield  is 
500,000  gallons  per  day. 

3489.  On  this  filter  ?— No,  at  th<e  sewage  worics. 

3400.  Oh,  yes ;  I  know  you  say  a  population  of  5,000 
treated  on  this  filter,  this  coal  filter,  whioh  is  of  an  area 
of  1,600  yards,  is  not  that  so? — Perhaps  I  couM  better 
explain  it  in  this  way.  The  population  of  Lichfield  ia 
about  8,000,  and  the  flow  of  sewage  is  500,000  gaUons 
per  day.  We  have  first  put  down  1,600  square  yards  to 
take  320,000  gallons  of  sewage. 

3401.  Yes? — ^The  sewage  contains  a  good  deal  of 
brewery  waste,  and  is  very  strong,  so  that  &e  population 
was  not  the  basis  taken. 

3492.  Is  brewery  waste  the  only  refuse  water  that  you 
have  got  to  deal  with? — The  only  trade  refuse  water,, 
except  from  the  slaughter-houses  in  Lichfield. 

3403.  And  ordinary  predpitation  is  sufficient ;  there  la 
no  chemical  treatment  ^Lime  and  alumina  ferric. 

3404.  Before  putting  it  on  to  this  coal  filter? — Yes, 
before  putting  it  on  to  the  filter. 

3495.  {Colonel  Harding,)  Just  one  question,  Mr.  Gar* 
field.  At  Wolverhampton  is  the  whole  of  the  sewage  at 
that  place  dealt  with  on  your  principle? — ^At  Wolver- 
hampton only  a  small  volume  of  it. 

34d6.  How  much  of  it?>~18,000  gallons  a  day  at  the 
present  time. 

.  3497.  How  is  it  that  has  not  been  extended  in  view  of 
the  experience  you  have  gained  in  the  last  2^  years? — 
l%ey  are  about  to  extend  it  at  the  present  time. 

3498.  How  much,?— «Well,  they  propose  to  spend  £500. 

3499.  How  large  will  the  area  of  the  filters  then  be? 
Do  not  trouble  to  calculate  it.  Anyway,  Lichfield  would 
be  a  better  place  for  us  to  go  to  than  Wolverhampton, 
beQause  we  oould  see  it  on  a  larger  scale  ? — On  a  larger 
scale. 

3500.  They  have  had  more  belief  in  you  at  Lichfield 
thjan  at  Wolverhampton  ? — Before  I  got  tiiis  out  they  had 
just  taken  300  acres,  and  they  now  have  a  farm  of  600 
acres  for  a  population  of  86,000. 
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luesday,  17 th  January ^  1899. 
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The  Earl  of  Iddesleigh  {Chairman^  presiding). 


Sir  Richard  Thorne  Thorne,  k.c.b.,  f.r.s. 
Professor  Michael  Foster,  f.r.s. 
Professor  William  Ramsay,  f.r.s. 
Major-Qen.  Constantine  Phipps  Carey. 


Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 


Mr,  F.  J.  Willis,  Secretary, 


Sir  Henbt  Roscoe,  F.R.S. ,  D.C.L.,  LL.D.,  called  in;  and  Examined. 


H.  Roicoe, 
D.C.I*.,  LL.D 


in 
ion, 
1— 


3501.  {Ch>airman.)  I  think,  Sir  Henry  Bosooe,  you  are 
a  F.R.S. ,  and  Emeritus  Professor  of  Chemistry  in  the 
Owens  College,  Victoria  Univei»ity,  Manchester  7 — I  was 
Professor  for  thirty  years,  and  I    am    now    Emeritus 

3502.  And  you  have  for  many  years  been  concerned  i 
questions  of  sewage  treatment    and  sewage  purification 
and  generally  with  questions  affecting  river  pollution  " 
That  is  so. 

3603.  And  I  believe  you  were  a  member  of  Sir  Charles 
Russell's  Select  Committee  oh  the  pollution  of  the  river 
Lea  in  April,  1886?— Yes. 

3504.  And  you  were  engaged  professionally  to  report 
upon  the  operations  carried  on  at  the  Sewage  Outfall 
Works  at  Barking  and  Crossness  of  the  London  County 
Council  under  the  late  Metropolitan  Board  of  Works  f— 
Yes,  that  was  so,  in  the  years  1887  and  1888.  In  the 
latter  year,  luiBirever,  that  body  ceased,  to  exist 


3505.  I  understand  that  you  have  acted  as  ScKeatific 
Adviser  to  the  Mersey  and  Lr{7ell  Jdnt  Committee  since 
its  incepti<Hi  1 — ^That  is  so. 

3506.  You  are  good  enough  to  come  here  to-day  to  offer 
us  some  evidence  as  to  the  tests  which  you  have  applied 
to  sewage  effluents  for  the  purpose  of  ascertaining  whether 
they  are  harmless,  and  to  what  extent  they  ooidd  be 
purified  1 — Yes,  these  are  the  definite  points  upon  which  I 
am  asked  to  give  evidence.  At  the  same  t-Ime,  the  docu- 
ments which  I  have  prepared,  and  which  I  prc^KHse  with 
your  leave  to  submit  in  supporting  my  statement  with 
regard  to  chemical  tests  serve  further  purposes,  namely^ 
in  the  first  place,  tiie  consideraiaon  of  the  question  of 
adopting  standards,  and  in  the  second  place  the  considera- 
tion of  0ie  results  obtained  from  the  various  methods  of 
sewage  purification.  I  do  not  know  whether  that  in  the 
wish  of  the  Com<missioners  to  get  my  opinions  on  thoee 
latter  points,  or  whether  you  desire  I  should  confine  myself 
solely  to  the  question  of  &e  appropriate  tests  which  are  tcr 
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be  applied  to  the  examination  of  sewage  and  sewage 
«ffluentB.    I  am  ready  to  deal  with  ^e  tliree  points. 

3507!^  May  I  ask  if  you  have  any  papers  which  you 
would  like  to  hand  in  V—l  have  a  considerable  number  of 
papers  which  I  think  it  might  be  desirable  to  hand  in  as 
giving  the  basis  of  the  evidence  which  I  propose  to  lay 
before  you. 

3508.  Are  those  the  papers  described  on  the  first  page 
of  this  statement  ? — Yes,  they  are. 

Documents  put  in  : — 

(1.)  Beport  to  the  Metropolitan  Board  of  Works  on  the 
treatment  of  Loudon  Sewage  at  the  Outfalls  during  the 
year  1887 ; 

(2.)  Ditto  during  the  year  1888 ; 

f3.)  Report  to  the  Mersey  and  Irwell  Joint  Committee, 
dated  November  5th,  1894,  containing  analyses  of  sewage 
effluents ; 

(4.)  Ditto,  dated  December  6th,  1807,  on  the  analyses  of 
Waters  of  the  Maiichester  Ship  Canal ; 

(6.)  Paper  on  the  Chemical  Bacteriology  of  Sewage. 
Transactions  of  the  Royal  Society,  Vol.  182  (1801) ; 

(6.)  Report,  dated  Septem>ber  7th,  1804,  presented  to 
the  Rivers  Committee  of  the  Manchester  Corporation  on 
the  Chemical  Treatment  of  Sewage.  Analyses  of  Sewage 
and  Sewage  effluents ; 

(7.)  Report,  dated  April  14th,  1896,  presented  to  the 
Rivers  Committee  of  the  Manchester  Corporation,  on  Arti- 
ficial Filtrafc'on.  Analyses  of  Sewage,  effluent  after  chemi- 
cal precipitation,  cinder  filtiate,  coke  filtrate,  and  land 
filtrate ; 

(8.)  Report,  dated  April  1st,  1807,  presented  to  the 
Rivers  Committee  of  the  Manchester  Corporat. on,  on  the 
Oiemical  Analyses  of  Tank  effluent,  cinder  filtrate,  and 
coke  filtrate ; 

(9.)  Report,  dated  June  18th,  1897,  on  the  capacity  of 
the  Experimental  Filter  Beds  referred  to  in  Reports  7 
end  8; 
Appmdix      (10.)  Plan  of  Experimental  PiRer  Beds  referred  to  in 
jfo^CA).  R^p^rtg  7  and  8 ; 

^Ll.)  Analyses  and  Classification  of  Sewage  effluents 
submitted  for  report  bv  +he  Mersey  and  Irwell  Joint  Com- 
mittee, January  to  Oct9b3r,  1808. 

3500.  You  have  been  good  enough  to  send  us  a  state- 
ment of  your  evidence,  which  we  have  all  had  time  to 
siudy,  and  I  should  now  propose  that  we  take  the  greater 
part'  of  that  statement  as  read,  and  proceed  to  ask  the 
questions  that  it  has  suggested  to  ur.  In  putting  those 
questions  points  may  arise  upon  which  you  may  very  likely 
wish  to  enlarge,  and,  of  course,  I  need  hardly  say,  we 
should  be  very  i^lad  to  hear  anything  you  may  wish  to  say 
upon  them  7 — Thank  you,  that  coarse  will  be  quite  satis- 
factory. 

2610.  Then  I  propose  that  we  take  this  statement  as 
read  down  to  page  16. 


Cluu-acter  of  Crude 
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Deeomposition  of 
Sewage  brought 
by  living  orj;:an- 


Part  playeii  by  free 
<>xygon. 


Crude  sewage  as  it  arrives  at  the 
Outfall  Sewer  contains  liquid  and  solid 
excrement  from  men  and  animals,  water 
contaminated  with  animal  matter,  soap, 
and  materials  used  in  the  cleansing  of 
the  person  and  linen,  liquid  and  solid 
vegetable  matters  derived  from  the 
prefiaration  of  vegetables,  grease,  nndi* 
Rented  food,  blood,  dirty  water  from  the 
cleansing  of  the  household  as  well  as 
other  solid  refuse.  In  addition  to  these 
liquids  derived  entirely  from  the  con- 
ditions of  domesttic  life,  crude  sewage' 
may  be  and  is  frequently  diluted  and 
contaminated  with  the  rain  washings 
of  roadfl  containing  detritus  and  animal 
matters,  and  in  umny  cases,  especially 
in  towns,  other  important  constituents 
are  added  to  the  Howage,  viz.,  trade 
effluents  from  manufactories  of  %'aried 
kinds. 

The  nature  of  crude  sewage  is  there- 
fore of  a  very  complex  and  variable 
character.  Whether  it  lie  derived  from 
tlie  smallest  Urban  District  or  the 
largest  County  Borougli  it  |)ossesses, 
however,  certain  common  properties, 
ina«<ninch  as  the  organic  matters  which 
are  tlierein  contained  are  liable  to  un- 
dergo ]mtref active  changes.  Tliese 
changes  are  brought  aliout  by  living 
organlsiiiH.  Tlie  proilucts  of  this  putre- 
factive change  readily  absorb  free 
oxygen,  passing  into  more  stable  forms, 
and  therefore,  when  sewage  in  dis- 
chargetl  lieyond  a  certain  proi^ortion  as 
com}»ared  with  the  river  water  into 
which  it  flows,  the  former  robs  the 
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whole  of  the  water  of  its   dissolved        Sir 
oxygen,  and  the   conditions   brought  iiHat^ 
about  are  such  as  to  cause  a  liability  to  d.c1l.*"ll.d 
putrefactive  decomposition.  '  '  JL. 

Se>\  age  is  either  entirely  free  from,  ori  /  • 
atanyiateoon^inslessdissolyed  oxygen 
than  is  neceiMary  for  the  active  growth 
of  aerobic  organisms,  and  in^  conse- 
quence of  the  absence  of  dissolved 
oxygen  in  the  sewage,  this  has  during 
its  passage  to  the  Outfall  already 
begun  to  undergo  change  of  a  putres* 
cent  character  owing  to  the  growth  of 
the  anaerobic  ,  organisms,  which  is 
facilitated  by  the  tubove  conditions. 

On  the  other  hand,  the  life  of  the 
aerobic  organisms  which  require  free 
oxygen  for  tJieir  growth  tends  to  render . 
the  organic  matter  inofiensive,  the 
necessary  oxygen  bein^  usuaUy  derived 
from  the  air  dissolved  m  all  unpolluted 
running  waters.  But  should  the  river 
water  either  be  insufficient  in  quantity 
or  have  lost  its  oxygen  by  previous 
pollution,  then  the  whole  volume  of 
water,  after  mixing  with  the  sewage, 
becomes  incapable  of  supporting  the 
life  of  the  aerobic  organisms,  and 
the  only  natural  remedy  then  renwin- 
ing  i#  the  slow  absorption  of  atmo- 
spheric oxygen  at  the  surface  of  the  ^ 
water. 

But  other  organisms  of  a  vegetable 
character,  such  as  algie,  are  present  in 
river  water.  These  evolve  oxysen 
during  their  life,  and  they  are  ^so 

gotent  instruments  in  the  natural  puri- 
cation  of  river  water;  indeed,  they 
are  capable  of  oxygenating  the  water 
far  above  its  normal  amount,  and  thus 
aiding  in  suppoiting  the  life  and  growth 
of  the  former  cl  iss  of  organisms.  Both 
fonus,  therefop),  assist  each  other  in 
ridding  the  water  of  dead  organic 
matter  both  soluble  and  insoluble,  and 
thereby  bringing  it  into  a  healthy  con- 
dition. 

The  importance  of  these  considera- 
tions is  well  recognised,  and  was  re- 
ferred to  by  me  in  two  reports  presented 
to  the  Metropolitan  Board  of  Works  in 
December,  1887,  and  in  December  1888, 
both  of  which  I  hand  in. 

I  might  also  add  with  regard  to  the 
action  of  algse  on  water,  especially  in 
reference  to  the  self-purincation  of 
rivers,  that  Professor  Albert  R.  Leeds 
{see  '*  Journal  of  the  Franklin  Institute'' 
for  March  and  April,  1878,  reported  in 
the  "  Cliemical  News,"  June  Uth,  1878) 
discusses  the  recommendations  of  Mons. 
Gerardin,  and  calls  attention  to  the  self- 
puriiication  of  the  River  Vesle  above 
and  below  the  City  of  Rheims,  where  in 
the  course  of  37i  miles  the  river  waa 
observed  to  be  clean,  polluted,  and  clean 

X'n,    its   purification    having    been 
ited  by  natural  ag^cies. 

Then  we  have  in  Dr.  Odling's  evi- 
.  deuce,  given  before  the  Roval  Commis- 
sion on  the  Metropolitan  Water  Supply, 
1892,  a  succinct  statement  of  the  con- 
siderations of  the  part  which  these 
minute  chlorophylls,  or  algaB,  play  in 
thepurification  of  water  (see  "  Minutes 
of  Evidence,"  p.  382). 

A  complete  examination  of  the  com- 
plicated questions  involved  in  the  action 
of  the  vaiious  organisms  taking  part  in 
the  natural  purihcation  of  sewage  is  of 
paramount  unportance,  but  such  an 
investigation,  ineed  scarcely  point  out, 
is  one  not  only  requiring  a  considerable 
expenditure  of  time  and  labour,  but 
involving  one  of  the  most  delicate  and 
difficult  problems  of  modem  science,  as 
our  knowledge  of  these  actions  is  .is  yet 
incomplete. 

The  imoortantpart  played  b^rox^^gen 
throujgh  tlie  medium  of  micromc  life  in 
the  dinintegration  of  organic  matter  in 
water  lias  oeen  examined  by  a  great 
many  chemists  in  succession,  and  in  a 
great  variety  of  ways,  and  I  have  my- 
self given  some  attention  to  the  chemical 
Iwcteriology  of  sewage. 

In  a  paper  printed  in  the  "Trans- 
actions of  tne  Royal  Society  for  1891,' 
to  which  I  would  call  attention,  I  have 
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Abeorption  of  freo 
*   Oxygen  from  Air 
■    by    various    or- 
ganisms. 


Ab8ori)tion  of  Dis- 
solved Oxygen 
by  various  organ- 
ismR. 


Conclu»ionH  arrived 
at. 


Hhovcn  the  rapid  absorption  of  oxygen 
by  certain  oi^anisms.  The  experi- 
ments are  of  interest  as  being  the  first 
in  which  the  action  of  a  numMr  of  pure 
cultures  of  the  organisms  isolated  from 
crude  sewage  serving  as  typical  ex- 
amples of  those  usually  present  in 
sewage  have  been  examined  with  regard 
to  their  chemical  characteristics  more 
especially  as  to  their  very  remarkable 
power  of  absorbing;  oxygen.  The  results 
show  that  the  various  organisms  ex- 
amined exhibit  great  differences  in  their 
absortive  power  for  free  oxygen,  some 
showing  the  feeblest  abeorption,  whilst 
others  abstracted  nearly  every  trace  of 
oxygen  from  an  atmosphere  ten  times 
as  lar^e  as  the  culture  liquid  during 
seven  days'  inculcation  at  68  to  74°  Fahr. 
Thus  for  example,  an  organism  "BaciUus 
opalescens,"  cliEussed  as  Anaerobic,  which 
occurred  plentifully  in  the  sewaj^  ex- 
perimented with,  gave  the  following 
almorption  of  oxygen :  — 

26C.C.  sterilebroth/^^*^**  ^^  ?^ 
eM\ll  °*C^'"^"*"*'"J  pure  culture  m 
250c.c.air.  |    Sealed  flask. 

After    seven    duys    the    atmosphere 

possessed  the  following  composition : — 

Nitrogen  -        -        -    80*0 

Oxygen     -        -        -    13*3 

CarMmic  Acid  -        -      6 '3 


Oxygen  absorbed  6 '7 

pure  air  being  represented  by — 
Nitrogen  -        -        -    80*0 
Oxygen     -        -        -    20*0 

That  is  to  say,  16 '75  c.c.  oxygen 
(0*37  grain)  was  absorbed  from  250  c.e. 
air  containing  50  c.c.  oxygen  (1*10 
grains). 

On  the  other  hand,  an  organism 
classed  as  Aerobic, "  Bacillus  fluorescens 
liauefaciens,"  which  also  occurred  plen- 
tiiully  in  the  sewage,  abstracted  nearly 
all  the  oxygen  in  three  days,  whilst  no 
trace  of  oxygen  was  founa  after  seven 
days. 

Again,  the  rate  of  abeorption  of  dis- 
solved oxygen  is  very  rapid  in  the  case 
of  those  organisms  wnich  absorb  oxygen 
rapidly  ftom  the  air.  For  instance,  to 
a  Winchester  quart  bottle  of  sterilised 
aerated  water  at  6©°  to  71*  Fahr.  was 
added  1  per  cent,  by  volume  of  broth 
which  had  l)eeu  sown  with  a  minute 
trace  of  a  pure  culture  (Bacillus  viola- 
cens)  two  days  previously,  and  incu- 
bated at  69**  Fahr.  The  original  volume 
of  oxygen  dissolved  was  determined 
and  found  to  be  6*04  c.c.  per  litre 
(0*134  grain).  After  three  hours  in- 
cubation at  69*"  to  71°,  the  oxygen 
remaining  was  5*6  c.c,  whilst  after  21 
hours  all  but  a  trace  of  oxygen  (0*2  c.c. ) 
had  disappeared.  Subsequent  experi- 
ments show  that  an  incuoation  of  14 
hours  was  sufficient  in  the  case  of  those 
organisms  which  absorb  oxygen  rapidly 
to  ensure  the  disappearance  of  all  but 
a  trace  of  the  oxy^n  originally  dis- 
solved in  the  liquid,  whereas  others 
which  do  not  absorb  oxygen  so  rapidly 
by  the  air  method  show  a  corresponding 
difference  by  this  method. 

The  conclusions  arrived  at  in  this 
research  nuiy  be  shortly  stated : — 

(a)  Of  12  organisms  studied,  five  are 
capable  of  gro^\'ing  in  complete  absence 
of  free  oxygen,  viz. : — 

Anaerobic  organism : 
1.  Proteus  vulgaris. 
2. 

3.  Streptococcus  mirabilis. 

4.  BacUlus  opalescens. 

r>. 

Whilst  to  the  other  seven  free  oxygen 
ix  a  necessity,  \\z,  : — 

Aerobic  organUm : 
1.  Baciluis    fluorescens    non-liqne- 
faciens  {a). 

1.  Ditto  (6). 

2.  Bacillus  fluorescens  liquefaciens. 

3.  Bacillus  subtilis. 

4.  Bacillus  violacens. 

5.  Streptococcus  urese. 

6.  Mici-ococeus. 
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(h)  Of  the  Anaerobic  organums,  one 
only,  Proteus  vulgaris,  shows  a  vigorous 
absorption  of  oxygen,  and  this  is  the  one 
which  gives  rise  to  offensive  decomix>si- 
tion  of  the  nutrient  material. 

(c)  Of  the  seven  Aerobic  oi-pinisius, 
five  are  rapid  absorbers  of  that  gas 
whilst  two.  Streptococcus  urea^  and 
Micrococcus,  aljHorb  oxygen  much  le$» 
i:apidly. 

If  further  evidence  be  required  as  to 
the  importance  of  organisms  (requiring 
and  absorbing  free  oxygen)  aH  a  means 
of  slow  combustion  and  destruction  of 
the  organic  matter  of  sewage.  I  cannot 
do  better  than  refer  to  the  evidence  of 
Dr.  Odling,  who,  in  a  clear  and  lununous 
statement  given  in  his  evidence  before 
the  Commission  on  the  Metropolitan 
Water  Supply  on  page  380  of  the 
minutes  oi  evidence,  points  out  how 
river  water  contaminated  with  sewage 
matter  is  purified  by  natural  agencies. 

Indeed,  so  long  ago  as  1868,  Sir 
Edward  Frankland  admitted  that  the 
"oxidation  of  the  organic  matter  in 
water  Is  eflected  chieny,  if  not  exclu- 
sively, by  the  atmospheric  ox3ngen  dis- 
solved in  the  water ;  such  cussolved 
oxYgen  being  well  kno>\'n  to  be,  chemi- 
cally, much  more  active  than  the 
gaseims  cvygen  of  the  air.  If,  there- 
'*  fore,  water  contaminated  with  organic 
"matter  be  perfectly  excluded  from 
'^  the  air  in  a  carefully-stoppered  bottle, 
"  the  gradual  diminution  in  the  amount 
"  of  dissolved  oxygen  indicateR  exactly 
**  the  process  in  uie  oxidation  of  tlie 
"organic  matter.'* 

This  he  proved  by  experiments.  It  is 
true  that  in  a  sul)sequent  paraj^ph  he 
states  that  "the  experiments  showeil 
'*  that,  in  fact>  no  sewage  whatever  was  i*o 
"  converted  or  destroyed  even  after  the 
"lapse  of  a  week,  since  the  ainount  of 
"  carbonic  acid  dissolved  in  the  icatrr 
"remained  constant  during  the  whole 
*^ period  of  the  experiment,  whilst,  if 
"  the  sewage  had  been  converted  into 
"Inorganic  compounds,  the  carbonic 
"  acid,  as  one  of  these  comjponnds,  must 
"  have  increased  in  quantity." 

The  above  experimental  evidence  is 
in  my  opinion,  con  tiudictory.  I  f  oxygeu 
disappeared  as  he  proved  it  did,  an  equal 
volume  of  carbonic  acid  to  tliat  of  the 
oxygen  which  disappeared  must  have 
been  produced;  henoe,  I  am  inclined 
t'O  doubt  the  accuracy  of  his  carbonic 
acid  determination,  and  this  the  more 
that  I  have  experimental  proof  that  in 
sewage  effluents  the  volume  of  carbonic 
acid  produced  represents  the  experi- 
mental volume  of  oxygen  abeorbed. 
Upon  this  he  founded  Iiub  conclusion 
that  "  it  will  be  safe  to  infer,  however, 
**from  the  above  results,  that  there  Is 
"  no  river  in  the  United  Kingdom  long 
"enough  to  effect  the  destruction  of 
"  sewage  by  oxidation." 

Such  a  conclusion  is  opposed  to 
the  facts  observed  by  all  other 
investigators. 

From  the  foregoing  statements  it.  is 
clear  that  the  ultimate  aim  of  true 
sewage  purification  consists  in  t^ 
oxidation  of  the  organic  matter,  and  it 
is  to  the  study  of  these  changes  whidi 
sewage  undergoes  under  such  conditions 
that  suitable  chemical  tests  have  been 
applied  to  measure  such  changes. 

All  organic  matter  contains  carbon, 
but  it  may  be  wholly  destitute  of  nitro- 
gen. The  organic  matter  of  sewage, 
however,  always  contains  organic 
nitrogen,  although  from  the  var3ring 
compositiQu  of  sewage  no  constant  or 
even  approximate  ratio  of  carbon  to 
nitrogen  can  be  assumed.  Chemical 
analysis  is  mainly  concerned  with  the 
determination  of  the  carbon  and  nitro- 
gen in  some  fonn  or  other,  and  from 
the  amount  and  condition  of  these  two 
elements  found  the  character  of  the 
organic  matter  may  l)e  judged. 
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Methods  of 
Analysis. 


The     Main    Tentn 
relied  upon. 


Interpretation     of 
analytical  results. 


Tlie  chemical  processes  employed 
may  Ite  divided  under  two  general 
headH : — 

1.  Where  the  organic  carbon  and 
nitrogen  are  determined  from 
the  residue  after  evaporation 
of  the  water ;  and 

2.  Where  the  organic  carbon  and 
nitrogen  are  determined  in 
the  original  water. 

Under  the  first  head  the  processes 
aim  at  the  determination  of  the  total 
organic  carbon  and  nitrogen,  and  under 
the  second  head  at  the  partial  oxidation 
of  the  organic  carbon  and  nitrocen. 

Under  the  first  head  we  have  tne  igni- 
tion process,  the  Frankland  combustion 
nrocess,  and  other  modifications,  all 
tiased  on  the  combustion  of  the  residue 
left  after  evaporation. 

Under  tlie  neoond  head  we  liave 
processes  involving  the  use  of  oxidising 
sulMtances  such  as  chromic  acid,  per- 
manganate of  potash,  &c. 

In  addition  to  these  processes  there 

are  otiier  processes  for  measuring  the 

nitrogen      compounds      existing     as 

ammonia  (free  and  saline),  nitrous  acid, 

and  nitric  acid 

In  addition  to  these  determinations, 
it  is  also  necessary  under  certain  cir- 
cumstances to  determine  the  dissolved 
oxygen  and  its  rate  of  absorption,  also 
the  suspended  solids,  soluble  solids, 
chlorine,  transparency,  and  the  physical 
properties  of  the  effluent,  such  as  colour, 
odour,  &c. 

1  do  not  tliink  that  it  is  necessary  at 
this  stage  to  enter  into  the  merits  or 
the  demerits  of  all  the  available  tests 
which  have  been  applied  to  the  examina- 
tion of  sewage  effluents.  Suffice  it  to 
state  that  in  my  opinion  purely  chemi- 
cal analysis  is  sufficient  to  afford  a  safe 
criterion  as  to  the  fitness  of  a  sewage 
effluent  to  be  dincharged  into  a  water- 
oourse. 

The  main  tests  to  which  I  attach 
importance,  and  which  are  in  daily  use 
in  my  laboratory,  are  the  following : — 

Estimation  ot^ 

1.  Fi-ee  and  Saline  Ammonia. 

2.  Albuminoid  Ammonia. 

3.  Oxygen  absorbed  from  per- 
manganate of  potash  in  acid 
solution  acting  for  3  minutes 
at  60*"  Fahr. 

4.  Oxygen  absorbed  from  per- 
manijanate  of  potash  in  acid 
}<olution  acting  for  4  hours  at 
60*  Fahr. 

o.  Nitrites  and  Nitrates. 
6.  Incubator  Test. 

The  results  obtained  from  these  tests 
do  not  express  any  fixed  or  definite 
ratio  to  the  oqpuiic  nwtter  present,  but 
have  value  as  a  means  of  comparing,  or 
of  tracing,  the  increase  or  decrease  of 
impurities  in  various  sewages  and 
efnnents  of  the  sameKcneraJ  character ; 
and  what  they  also  ilo  in  to  determine 
whether  or  not  the  effluents  are  liable 
to  secondary  decomposition,  or  cause 
pollution  of  the  waters  into  which  they 
may  flow.  Whilst  supporting  the 
niethods  which  I  have  enaeavoured  to 
indicate  as  of  value,  I  am  far  from 
wisliing  to  disparage  the  processes  that 
other  chemists  have  devised  and 
adopted,  which  may  be  in  their  hands, 
and  in  their  opinion,  of  eaual  value— 
Uie  object  of  all  being  to  ascertain 
whether  an  effluent  is  fit  or  unfit  to  be 
passed  into  a  stream.  My  experience, 
especially  so  far  as  regards  the  work  in 
connection  with  the  Mersey  and  Irwell 
Joint  Committee,  leads  me  to  the 
opinion  tliat  wliat  is  required  is  not  so 
particularly  exact  conformity  of  results 
m  the  analysis  of  sewage  effluents,  but 
correct  intJsrpretation  of  those  results. 
The  carrying  out  of  any  particular 
process  is  a  compamtively  simple  thing 
comiiared  with  ttie  interpretation  of  the 
results  tliat  follow,  and  it  is  here  that 
the  experience  of  the  trained  chemist 
is  able  to  discriminate  the  true  value  of 
his  analytical  results,  no   matter  by 
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How  ascertained. 
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what  reliable  proceHs  thev  have  been        ^i^ 
arrived  at^  and  to  draw  sucn  conclusions    //.  Hmco^, 
as  the  test  or  tests  may  bear  chemically.      r.B.a, 
Perhaps  I  may  be  allowed  to  illustrate  pc-^-.  "«■»• 
niy  meaning  oy  referring  to  a  typical  17  jtn.  jbm. 
instance  where  in  a  very   important 
trial  it  was  contended  that  tine  per. 
manganate  test  was  a  f^lacious  test, 
because  the  sewage  effluent  contained 
ferrous  iron  which  would  affect  the  test. 
Primd  facie  this  would  appear  to  be  a 
^ood  contention,  but  on  consideration 
it  is  clear  that  any  sewage  effluent  that 
would  affect  the  oxygen  absorbed  test 
four  hours  to  the  extent  of  iVth  of  a 
grain,  oxygen  absorbed  per  gallon  would 
have  to  contain  ^ihn  ^rain  metallic 
iron  in  the  ferrous  condition,  and  such 
an  effluent  I  need  liardly  state  is  excep- 
tional, and  as  a  matter  of  fact  has  not 
been   found   by   me   in   any   sewage 
effluent,  even  when  ferrous  salts  were 
used  as  a  precipitant  of  the  raw  sewage. 
On  the  other  nand,  exceptional  cases 
do  arise  where  particular  tests  lose  their 
value,  and  it  will  be  neoessary  in  the 
course  of  my  evidence  to  refer  to  two 
special  cases  where  the  permanganate 
test  alone  cannot  be  relied  upon  as  a 
meahure  of  the  sewage  or  organic  pollu- 
tion. 

Moreover,  it  will  be  necessary  to 
point  out  that  certain  chemists  nave 
attempted  to  show  that  particular 
metluxls  of  analysis  of  poUuted  water 
are  wholly  unsuitable  by  applying  in- 
appropriate tests.  For  instance,  the 
albuminoid-ammonia  test  has  been  ap- 
plied to  the  examination  of  a  polluting 
liquid  containing  no  organic  matter 
that  would  yield  albuminoid  ammonia. 

On  the  other  hand,  others  have 
attempted  to  show  that  because  the 
results,  say,  from  the  sdhuminoid- 
ammonia  test  do  not  agree  with  tlie 
results  from  the  oxygen  -  absorbed 
permanganate  test,  either  one  or  the 
other  of  these  methods  is  faulty. 
They  appear  to  believe  that  the  results 
of  an;^  chemical  test  that  deals  with 
the  oxidation  of  carbon  ought  to  give 
comparable  results  with  the  results  of 
a  test  applied  to  the  oxidisation  of 
nitrogen,  and  they  overlook  the  fact 
which  I  have  previously  stated  that 
there  is  no  definite  ratio  between  the 
organic  carbon  and  nitrogen  in  the 
complex  Clonic  matter  of  sewage  and 
of  sewage  effluents. 

The  object  of  the  chemical  examin- 
ation of  a  sewage  effluent  is  to 
determine  whether  it  is  or  is  not  a 
polluting  liquid,  and  that  I  define  as 
being  a  liquid  containing  organic 
matter,  which,  under  suitable  con* 
ditions,  will  undergo  uutrefaction.  One 
test  employed  is  to  place  a  bottJe,  filled 
with  the  liquid  and  dosed  airtight,  to 
a  temperature  of  75"*  Fahr.  for  6-7 
days.  In  many  cases  a  liquid  tlius 
treated  does  not  putrefy  because  the 
microbic  life,  necessary  to  produce 
putrefaction  is  not  active.  In  ful  cases 
the  incubator  test  must  be  strengthened 
and  controlled  by  chemical  fuialysis, 
viz.,  the  detenuination  of  the  free  and 
albuminoid  ammonias,  and  the  oxygen 
absorbed  from  permanganate  of  potash, 
and  if  these  are  beyond  a  certain 
amount,  I  should  certainly  not  pass 
the  effluent. 

It  must  be  distinctly  understood  that 
this  definition  of  a  polluting  liquid 
does  not  apply  either  m  the  case  of  a 
sewage  effluent  flowing  into  a  river  the 
water  of  which  is  UMd  for  drinking 

Surposes,  nor  to  an  effluent  flowing 
irectly  into  tidal  waters. 
In  the  case  of  effluents  falling  into 
rivers  the  water  of  which  is  used  for 
potable  purposen,  a  much  stricter  rule 
must  be  applied  than  is  necessary  on  the 
Mersey  and  Irwell  Watershed ;  and  on 
the  otiier  liand,  in  case  of  an  effluent 
flowing  airectiy  int  j  tidal  waters,  lees 
strinsent  rules  than  those  applied  in 
the  Mersey  and  Irwell  Watershed  are 
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Standards. 


LinutH  of  Impurity. 


I  have  from  the  beginning  of  my  ex- 
perience in  this  subject,  advocated  the 
mipoesibility  of  fixing  definite  standards 
for  sewage  effluents,  and  to  this  I  still 
adhere.  It  is  true  tliat  I  have  proposed 
certain  limits  of  impurity  for  the 
Mersey  and  Invell  Watershed,  and 
these  I  shall  explain  hereafter.  It  is 
also  true  that  I  should  insist  on  every 
effluent  being  brought  within  those 
limits,  proWded  of  course,  that  the  ap- 
plication of  the  jbest  practical  and 
available  means  can  be  carried  out  so 
as  to  effect  this.,  I  may  explain  by 
referencfi  to  a  special  case  why  I  take 
this  view.  j 

I  will  refer  to!  the  effluents  from 
Manchester  and  Btretford.  In  lx)th 
cases  the  effluents  must  ^ye  such  that 
they  do  not  undeijgo  putrefaction,  and 
we  Know  that  this  can  be  accomplished, 
and  I  should  be  satisfied,  in  either  case, 
to  pass  the  effluent  as  good  when  it 
does  not  exceed  the  limits ;  but  by  the 
application  of  the  best  practicable 
means,  it  may  be  that  Stretford  (as  is 
really  the  case)  can  do  very  much 
better  tlian  these  limits  require,  whilst 
it  is  possible  that  Manchester  may  not 
l>e  able  to  do  so.  It  would  obviouslv 
be  absurd,  therefore,  to  say  to  Stretfora, 
"  though  when  you  carefully  work  you 
are  so  much  l>elow  the  limit,  yet  as 
those  are  our  limits  you  may  work 
carelessly,"  as  it  would  be  to  say  to 
Manchester,  "becaacte  Stretford  can 
always  work  below  the  limit  we  will 
insist  on  your  doing  so  also,  even 
though  this  cannot  be  obtained  by  the 
best  practicable  and  available  means." 

I  have  con>Tnced  myself  that  by  the 
application  of  the  best  practicable  means 
atpresent  known  there  is  not  a  single 
effluent  that  cannot  be  brought  down 
to  the  limits  of  impurity. 

The  limits  of  impurity  which  were 
suggested  by  me  in  November,  1894, 
are  given  in  a  report  presented  to  the 
Mersey  and  Irwell  Joint  Committee, 
copy  of  which  I  hand  in.  These  limits 
were  only  adopted  for  the  purpose  of 
criticising  and  comparing  tne  results 
in  these  particular  cases,  and  to  classify 
the  effluents. 

The  following  are  the  limits  of  im- 
purity fixetl : — 

1'  Oxygen  absorlied  test.  ^  Per- 
man^anate  of  potash  in  acid 
solution.  Four  hours  test  made 
at  dO**  Fahr.  One  grain  oxygen 
per  gallon. 

2.  Ditto.  Three  minutes  test. 
Quarter  grain  oxygen  pei 
gallon. 

3.  Albuminoid  ammonia  iV  grain 
NHg^  per  gallon. 

If  we  review  the  results  of  analyses 
of  sewage  effluents  made  during  the 
year,  January  to  October  inclusive,  1898, 
we  find  some  interesting  information. 

The  effluents  are  first  classified  ac- 
cording to  the  permanganate  test. 

TABLE  1. 

Permanganate  Test— Four  Hours. 

Results  of  the  Examination  of 

>       Sewage   Effluents    submitted 

I       BY  THE  Mersey  and  Irwell  Joint 

I       Committee. 

I    January  to  October,  1898,    10  months. 

Effluents  that  absorbed  oxygen  from— 
CIbm  a.  0'07  up  to   0*5  grain  per  gulon  08  Good  effluents. 


Classification  of 
Sewage  Effluents. 


B.  0*6  griUn  to  1*0 

C.  1-0        „       1-26 

D.  l-tt        „        8^ 


n 


i» 


88  Fkir  efflnente. 
28  Doubtful  effluents. 
86  UuMtlsfactory  effluents. 
46  Bad  effluents. 

^70  Tests. 


Class  A 

r.  I 


.  Effluents  from 

Raw 

Sewage. 

Precipita- 
tion 
alone. 

Filtra- 
Uon. 

0 
0 
0 
0 
8 

0 
1 
3 
5 
86 

98 
81 
20 
80 
7 

8 

45 

281 

Precipitation  alone^ 

Oxygen  absorbed- 
Pour  Hours*  Test.  Cases. 
Class  A.    •       •       -  None        .       .       .     o 
„     B.    Prestwich  1*00  grain  per  gaU<m     1 
TBochdale    loi,  l*or>        « 


C. 


\Whltefleld  118 

I 


} 


Class  A.    93  Gk)ol:l  Effluenta. 

All  alisorbed  less  than  ^  grain 
oxygen.    Thvee  minutes'  test. 

Class  B.    82  Fair  {Effluents. 

In  71  cases  the  ^xygen.  absorbed  wan 
less  than  0!'25  grain  oxygen. 
Three  minutes  test.  In  II  cases 
the  limit  was  exceeded.  In  & 
cases  it  only*  exceeded  the  limit 
by  rirth  part  of  1  grain,  and  in  2 
<if^»i^  by  ^  pfirt  of  I  grain. 

TABLE  2. 

CLA.SS  B. 

II  Effluents  tliat  exceeded  the 
limit  of  i  grain  oxygen  absorbed. 
Three  minutes'  test. 


• 

Tliree 

Minutes' 

Test. 

Four 

Hours' 

Test. 

Bccles    ....'. 

o-to 

0*62 

Crompton      .... 

0*26 

0*95 

Mottram        .       -       -       - 

0*26 

0*86 

Worsley  (Boothstown)  • 

0*26 

0-86 

Marple 

0-26 

0*92 

Karple 

0*27 

0-80 

Atherton  (Hbidsford)  - 

0*27 

0*96 

Timperley      .       .       .       - 

0-80 

0*66 

Bowdon  -       -       -       .       . 

0*82 

0-75 

Hale  (Upper  Outlet)     • 

0*82 

0*97 

Westbougfaton  (Roger's  Farm)|    0*82 

0*79 

Class  C.    23  Doubtful  Effluents. 

In  12.  cases  the  limit  of  J  grain 

oxygen  absorbed  was  exceeded. 
In  11  cases  the  results  were  below 

the  limit.     (See  Table  3.) 

Table  3. 


Authority. 


Sewsge  Effluent 
from 


Wardle    - 

Prestwich 

West   Houghton 
(Roger's  Farm) 

Norden    • 

Altrincluim 

Pendlebury 

Withington 

Bowdon  - 

Mossier  - 

OlTerton  (Stockport) 

Bury  (Tottington) 

yorthenden    - 

Heywood 


Atherton 
ford) 


(Hinds- 


Hale 

Little  Hulton  • 

Moss  Side 

Wllmslow 

Tyldesley 

Astley  Bridge  • 

Whitefleld 

Bochdale 

Rochdale 


Oxygen 

absorbed  from 

KM^O, 


8 

mill. 


4 
hours. 


Frerions 

Samples 

Collected, 

January 
to 

OctobeM%8. 

Results  of 
Permanganate- 
test. 
4  hours. 


Artificial  fllttation 


n 


Land 

Artificial  filtration 

Land 

Aitiflcial  filtration 

Land 

•  «  « 

Artificial  filtration 
Land 

•  •  « 

Arttflcial  filtration 

n  n 

Land 

Artificial  filtration 

Land 

•  •  • 

Artificial  fllttation 

»  t* 

Chemical  precip'n 

«•  H 

n  »» 


0-82 
0*88 

010 

0-20 

0-2^ 

0*89 

0-26 

0-22 

0*10 

0*24 

0*26 

0-12 

0-86 

0*28 
0-82 
0-88 
0*81 
0-84 
0*46 
0-20 
0-11 
.020 
0-81 


1-01 
1-08 

1-oe 

1-07 


1-ie 

1-17 

1-18 

1-19 

1 

1-25 

1-25 

1*18 

101 

1-05 


•28^ 


0-28, 0-44, 0*88 


0-40. 0-92, 0-79' 

1*48,1-56.1-86, 

2*87 
2-71, 0*86, 1-61, 

1*88 

0-82, 0*68, 0*80- 

0*46,0-49,1*10, 

1*90,1*80 
0-71, 0*84, 0*80, 

0*76 

0*88, 0-86 

0*60, 0-68,0-66,. 
0-00, 0-ei,  0-64 

1*44, 0-60,  0*7t 

0*89^1-69,0*94, 
1-86 


0-9S 

0*91, 0-94, 0-9r 

0-41, 1-66 


0*46,0-14,0*26, 
0*86,0-59,0*59,. 
0-78, 0-78, 0-22 
1*69, 1-71,  4-89" 

0*24, 0-88, 1'fiO* 


MINUTES  OF  SVIDENCE. 


With  reganl  to  these  effluents  it  is  to 
be  observed  that  in  niany  cases  former 
samples  luiv«  eiven  superior  results. 
For  in<ituic»  take  the  case  of — 

Wirile — Oxygen  absorbed,  I'Ol. 
Vrevious    samples    gave   0*23, 
0-44.  0-88. 
Bowdon — Oxygen  absorbed,   1*10. 
PreWouH    samples    gave    0*71, 
0-34,  0*80,  0-/5. 
Offerton — Oxygen  absorl>ed,  1*11. 
Previous    samples    gave    0*50, 
0*53,  0*56,  0*60,  0*61,  0*64. 
Wilnislow — Oxygen  absorbed,  1  '23. 
PreWouH    samples    gave    0*45, 
014,    0*26,   0-36,  0-69,    0*59, 
0*22,  0*73. 

In  cases  where  there  is  any  great 
divergence  from  the  general  average 
result,  it  Is  advisable  to  call  the  atten- 
tion of  tlie  Sanitary  Authority  to  the 
result  of  analysis,  and  in  a  large  number 
of  cases  the*^  cause  of  the  abnormal 
result  has  been  traced,  and  in  some 
instances  remedied. 

On  the  other  hand,  in  some  of  tliese 
doubtful  cases  previous  samples  have 
been  always  unsatisfactory. 

Take  the  case  of  Norden,  where  the 
artiiicial  filters  are  admittedly  too 
small. 

Amongst  the  doubtful  effluents  is 
one  where  the  oxygen  absorbed  was 
107. 

Previous  samples  gave  1*43,  1*55, 
1*86,  and  2-87. 
or  Tyldesley,  where  artificial  filters  are 
also    admittedly    too    small,    oxygen 
absorlieil  was  1*25. 

Pi-evious  samples  gave  1*59,  1*71, 
and  4*89. 

Class  D.    35  Unsatisfactory  Effluents. 
In  32  cases  the  limit  of  i  grain 

oxygen  absorbed  was  exceeded. 
In  3  cases  the  results  were  below 

the  limit. 
Hale  017  (land  filtrate). 
Hyde  016  (tank  effluent). 
Norden    0*24   (filtered   effluent). 

(.SVe  Tables  4  and  5.) 

CLAas  K.    46  Bad  Effluents. 

Of  these  45  exceeded  the  limit  of 

i  grain  oxygen  absorl)ed. 
In  I  case  the  result  was  below  the 

limit. 
Hyde  0*22  (tank  effluent). 

With  reganl  to  the  albuminoid  am- 
monia results  the  limit  of  one-tenth 
grain  {ler  gallon  has  been  exceeded  in 
all  the  cases  of  unsatisfactory  and  bad 
effluents. 

Witli  effluents  absorbing  less  tluin  1 
grain  oxygen  per  eallon,  4  hours'  test, 
a  few  cases  occur  where  the  albuminoid, 
ammonia   result  is   higher  than   the 
limit     (See  Table  8). 

On  the  other  hand,  I  have  come 
across  only  two  instances  where  in  a 
sewage  effluent  the  albuminoid  am- 
monia has  lieen  less  than  one-tenth 
grain  per  gallon  when  the  4  hours*  test 
was  more  than  1  grain,  but  these  two 
cases  are  explicable. 

Tlie  permanganate  test  has  been 
dlsturl>ed  only  in  two  instances ;  that 
of  Reddish,  where  the  presence  of  car- 
bolic acid  ^ve  an  exceptional  high 
result,  and  m  the  case  of  Manchester. 
(See  Tables  of  Analyses  and  Diagrams. ) 

It  is  |x>ssible  to  find  in  a  sewage 
effluent  in  which  putrefaction  has 
toJcen  place  that  the  amount  of  albu-. 
minoid  ammonia  is  low  compared  with 
the  amount  of  oxygen  absorbed,  but 
even  in  these  exceptional  cases  the 
permanganate  test  (oxj^gen  absorbed) 
mdicates  serious  impurity,  where  the' 
albuminoid  ammonia  may  not  do  so. 

The  fact  that  a  putrescent  water 
does  .show  excess  of  oxygen  absorbed 
but  a  relatively  small  amount  of  albu- 
minoid aninionia  is  well  illustrated  by 


Analyses   of  Raw 
Sewage. 


Analyses  of  Tank 
EfHnent,  Cinder 
Filtrate,  Coke 
Filtrate^  &  Land 
Filtrate. 


20& 

the  analyses  of  the  Ship  Canal  Waters,        sir 
copy  of  which  I  hand  in.  B.  Jto§eoe, 

1  ake  tlie  average  of  eight  analyses  ^^  c^**ll  d 
>m  six  ditterent  point^  in  the  Canal: —    *     '' 

17  Jan.  1899. 


from 


Oxygen  abeorbed. 


S  mlautfts' 

tatit. 


4  hours' 
test. 


Albuminoid 


ti 


If 


No.  1 
2 
8 
..  * 


a 

1-25 

•60 

1-64 

•47 

1^81 

•60 

i^ao 

•44 

1^18 

•69 

1-48 

0-062 
0-062 
0-060 
0-104 
0-060 
0-065 


Tlie  relation  between  the  oxygen  ali- 
sorbed  and  the  albuminoid  ammonia  is 
still  more  clearly  shown  in  the  follow- 
ing analyses,  in  which  the  change  of 
relation  of  the  two  is  clearer  shown. 
Take  the  Manchester  tank  effluent 
analysed  before  and  after  incubation. 
(6Ve  Report,  April,  1897.) 

The  average  of  18  analyses  gave  0*226 
albuminoid  before  incubation,  and  0*120 
after  incubation ;  whereas  the  4  hours' 
test  was  2-27  before  incubation  and  2*15 
after  incubation. 

The  3  minutes'  test  was  0*67  Itefore 
and  1  *05  after.  All  the  tank  effluents 
became  putrid  in  the  inculiator. 

Another  point  of  interest  is  the  fact 
that  the  clear  effluent  becomes  turbid 
and  deposits  solid  matter  on  incuba- 
tion, and  it  is  this  solid  matter  which 
contains  organic  matter  capable  of 
yielding  all)uurinoid  ammonia.  Hence 
the  necessity  of  analysing  the  liquid 
,  containing  tlie  Bu.si>ended  matter  and 
not  the  clear  liquid. 

(See  Table  K  for  tlie  result  of  theso 
experiments.    AIho  Table  L.) 

ANALYSES  OF  UAW  SEWAGE. 

• 

Report  to  the  Rivers  Committee  of 
the  Manchester  Corporation,  dated 
September  7th,  1894,  contains  a  serieK 
of  analyses  shoiiing  that  the  composi> 
tion  of  the  raw  sewage  varies  very  con- 
siderably. Tims,  taking  the  total  solids 
as  a  measure  of  the  impurity,  it  is  seen 
that  the/day  sewage  varies  in  total 
solids  from  68*5  grains  per  gallon  to 
157  grains,  the  night  sewage  from  ^> 
grains  to  96  grains. 

A  more  remarkable  and  regulai* 
difference  is  seen  between  the  compcsi- 
^  tion  of  tlie  day  and  night  sewage.  The 
average  composition  of  the  total  solids 
in  twelve  days'  sewage  was  96*8  grains 
per  gallon*  tne  corresponding  figiue  for 
the  night  being  57*8.  The  total  sus- 
pended matter  in  the  day  40^5  grains 
per  gallon,  at  night  15*4.  The  total 
organic  matter  in  the  day  34*1  grains 
per  gallon,  and  at  night  lo*6. 

To  put  it  shortly,  tlie  day  sewage  is 
about  twic?  as  impure  as  the  night. 

AKALYSfeS  OF  TANK  EFFLUENT, 
CINDER  FILTRATE,  COKE  FIL- 
TRATE, AND  LAND  FILTRATE. 

Report  to  the  Rivers  Committee  of 
we  Manchester  Corporation,  dated 
April  14th,  1896. 

These  analytical  results  show  the 
percentage  reduction  of  organic^  im- 
purity as  measured  (1)  albuminoid 
ammonia  and  (2)  oxygen  absorbed, 
4  hours*  test.  Cinder  filtration  re- 
moved 54*6  per  cent,  of  the  organic 
impurity  in  tne  tank  effluent,  and  the 
coke  filter  52*3  per  cent,  as  measnred 
by  the  albuminoid  ammonia  test.  The 
oxygen  absdrljod,  4  hours'  test,  showed 
a  reduction  of  57  per  cent,  in  the  case 
of  the  cinder  filter,  and  of  49*4  per 
cent,  in  that  of  the  coke  filter. 

Analytical  figures  are  also  giver 
with  reference  to  the  liabilit ,  of  thei-e 
effluents  to  putrefy. 

Analyses  of  land  effluentf:  are  ais(» 

JT1V<-?J. 
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Still  further  analytical  results  are 
^ven  in  Report  dated  April  1st,  1897, 
in  further  continuation  of  the  work 
done  by  filtration,  and  these  results 
are  of  special  interest,  inasmuch  as 
they  indicate  the  natural  improvement 
that  was  taking  place  in  the  action 
of  the  filters. 

For  in8tance,it  will  beobserved  that: — 

1.  The  Free  and  Saline  Ammonia 

was  beginning;  to  diminish  in 
the  filtered  effluents. 

2.  The   anahrtical   results  given 

by  the  filtered  effluent  irom 
the  first  fill  after  the  filters 
have  rested,  was,  generally 
speaking,  a  little  better  than 
that  from  the  third  fill ;  and 


3.  The  amount  of  Nitrates  varied, 

the  largest  amount  invariably 
being  found  after  the  first  fill. 

4.  The  percentage  of  organic  im- 

purity, as  measured  by  the 

(1)  albuminoid     ammoniii, 

(2)  oxygen  absorbed,  four 
hours'  test,  and  (3)  oxygen 
absorbed,  three  minutes*  tet^t, 
taking  the  impurity  in  the 
tank  effluent  as  lOO/has  been 
as  follows ; — 

Albmninold       Oxygen  abiorbed. 
Ammonia.  4hn.teit.  Smina.U'vt. 

Cinder  nitration  70-5  66-8  e2-6 

Coke  „         66-6  69-9  66-7 

A  iiuinmary  of  18  analyses  is  given 
in  Table  M  :— 


Table  M. 
TABLE  SHOWING  COMPARISON  OF  RESULTS  OBTAINED  IN  1896  WITH  THOSE  OBTAINED  IN  1897. 


Period  of  Working. 


I 

O 

§ 


Volume  of 
Tank 

effluent 
Altered,  in 

GAllons. 


1896. 
JanuM-y  22nd  to  March  22nd 

March  9th  to  March  16th  • 

1897. 
March  8th  to  March  14th  • 


61 
7 


2eO,760 
23.000 

«  81,600 


1 


^. 


h 


171 
160 

180 


Equivalent 

toOalloni 

per  Acre 

per  24  hours. 


Albuminoid 
Ammonias. 


*  Correcting  these  flguaes  for  loss  of  water  capac'ity 
«f  filters  (aee  Report  dated  18th  June  1807)  the  fol- 
lowing figures  are  obtained  :-- 


Volume  of 
T^k 

effluent 
filtered,  in 

Gallons. 


GalloBB 

Square 

24  hours. 


Equivalent 

to  Qailons 

per  Acre 

per  24  hours. 


Cinder  ITilter 
Coke  Filter 


26.686 
UJMO 


152 
142 


7S6.G80 
687,280 


827,640 
774,400 

*  871,800 


■240 
•168 

■226 


Oxygen 
absorbed— 
4  hours' test. 


^m 

^ 


116 
026 

067 


'180 
•035 

•079 


1-87 
1-47 

2-27 


a 
5 


5 


Oxygen 

absorbed— 

8  minutes' 

test. 


I 


Nitrogen 

as  Nitrites 

and  Nitrates. 


I 


e 


I 


Percentage  reduction  of 


is 


'3 


3 


■  I 

gle 

o  «^ 


•a 


ill 

O  «99 


8 


•811 
'66 

'81 


•956 
•64 

•92 


•48 

•40 

•07 


•26 

•19 

•25 


•29 

•22 

•30 


•100 
•123 

•187 


061 
037 

190 


-060 
044 

129 


64'6 
83^6 

70-6 


62^3 

77^7 


57-0 
626 


65^6  65^8 


49*4 
66-4 

59*0 


41*8j82'6 
62-6 '45*0 


68<6|66'7 

I 


Record  of  Time  in  Worlrtng  JPlltera. 


1896,  January  22nd  to 

March  22iid.      ' 
1S96,    Maroh    9th    to 
Maroh  15th. 

1897,  Maroh    8th    to 

March  14th. 


FUlhig. 

10-2 
96 
6*35 


Resting  full. 


Emptying. 


80-5 
20-2 
21-4 


10-2 
9*6 
6^S5 


Aerathig. 


691 
60^8 
67-9 


rotal  hotin. 


lOU 
100 
10(1 


Frank  Settddur, 

For  Sir  Hen  r ft  Jtoneoe, 

April  1st,  1807. 


Durability  of  Arti-     Report  ox  the  Capacity  of  the 


ficial  Filters. 


Experimental   Filtkr   Beds  at 
Davyhulme  Sewacje  Works. 

June  IKth,  1807. 

On  Deceinljer  IGtIi,  1895,  the  cinder 
and  coke  tilterH  were  put  into  oi^eration. 
On  December  18tb,  1892,  tlie  capacity 
of  the  coke  filter  wan  detennineu  and 
found  to  bo  betAveen  l.TtM  gallons  and 
1,760  gallons,  and  for  the  mirposes  of 
calculation  tlie  caiiacntv  of  ijotti  filten* 
wan  taken  at  l,7uO  galfonH  each.  Thia 
figure  was  ado^itod  tlironuliout  all  my 
reports,  inchtdmg  the  UeiM)rt  dated 
April  1st,  1897. 

On  March  23rd,  1896,  Ijotli  filters 
were  carefu]l;|r  mea.Htire<l  and  were 
found  to  contain — 

Cinder  filter,  1,663  gal]on.s. 
Coke  filter,     1,709      „ 

On  May  27th,  1897,  )x>th  filters  Avere 
carefully  measured  under  the  same 
conditions  as  on  Marcli  23rd,  1896,  and 
were  found  to  contain — 

Cinder  filter,  1,477  gallons. 
Coke  filter,     1,380      „ 

Tliat  is,  after  14  montliM*  working, 
the  cinder  filter  had  lost  11*2  per  cent, 
of  its  water  capacity,  and  tne  coke 
niter  19 '25  per  cent. 

The  cinder  filter  on  May  27th.  1897, 
was  swollen,  the  top  Ijeing  suongy,  soft, 
and  clean.  It  took  84  gallons  more 
than  Uie  1,477  gallons  to  fill  the  filter 


so  as  to  submerge  all  the  cindeis,  the 
tank  effluent  carrier  Ijelng  lielow  the 
top  of  the  cinders. 

The  ooke  filter  had,  however,  sunk 
deeper,  and  was  covered  with  cakcil 
solid  matter,  which  had  curled  up  in 
patches  with  the  heat  of  the  sun. 

Correctini'  the  figures  given  in  my 
rejKJrt  for  April  Ist,  1897,  for  the  loss 
of  water  capacity,  it  Ik  seen  that  in- 
stead of  the  volume  of  tank  effinent 
filtered  being  31,500  gallons  for  esufAi 
filter  per  week,  the  volume  for  the 
cinder  filter  is  26»586  gallons,  and  for 
the  coke  filter  24,840  gallons.  In  other 
words,  on  March  23r3,  1896,  the  filters 
were  working  at  the  rate  of  171  gallons, 
per  s(]^nare  yard  per  24  hours,  lu  Hie 
case  ot  the  cinder  filter,  Hnd  at  the  ratc^ 
of  17of  gallons  in  that  of  the  coke 
filter,  whereas  on  May  27tli,  1897,  the 
rate  of  filtration  in  that  of  the  ciniler 
filter  was  152  gallons  )>er  square  yard 
ner  24  hours,  and  in  that  of  the  coke 
niter  only  142  gallons. 

The  coke  filter  has  lost  in  water 
capacity  nearly  100  i>er  cent,  more 
tlian  the  cinder  filter,  and  it  is  there- 
fore obvious  that  the  Iohs  of  water 
capacity  is  not  entirely  due  to  sulwi- 
dence  of  foreiKn  matters  >iithin  the 
filter  itself.  &u>reover,  on  March  5tji, 
1897,  the  ooke  filter  was  jiarticnlany 
tested  to  see  whether  any  suspended 
solids  could  be  washed  out^  and  in  my 
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Ret)ort  dated  April  lat,  1897, 1  reported 
an  loUowH  :  "  In  order  to  more  severely 
"  tent  the  coke  filter,  a  rapid  flow  of 
"tank  effiuent  was  passed  tlirough 
*'t1ie  filter  for  about  half  an  hour, 
"  and  it  was  observed  that  the  filter 
"  wan  capable,  even  under  these  con- 
"  ditions,  of  effecting  clarification,  no 
"  siispend^d  matters  being  washed  out 
"  %nto  the  fltixUe  by  the  high  rate  of 
"  filtration." 

Nothing  \es*s^  tlian  absolute  control 
of  the  filters  for  a  time  in  order  to 
study  the  functions  of  the  filters  would 
enable  any  correct  deductions  to  be 
drani-n  as  to  the  cause  of  the  loss  of 
water  capacity.  Possibly,  as  I  have 
previously  suggested  (see  Keport,  April 
14th  1896),  a  modification  of  the 
metho<l  of  working  the  filters  would 

I  bring  about  more  permanent  and  satis- 

\  factory  results. 


June  18/A,  1897. 


H.  E.  ROSCOE. 


The  question  of  the  lasting  power  of 
the  tiltei*  LH  im^rtant»  and  my  expe- 
rience on  this  pomt  is  that  the  material 
doe.s  undergo  a  change,  and  that  the 
quantity  of  liquid  that  could  be  passed 
tbrougli  doen  diminish  in  the  course  of 
time.  How  long  it  will  take  to  be- 
come ineflicient  time  alone  can  show. 
We  liave  not  yet  had  sufficient  expe- 
rience, and  upon  the  cost  of  working  the 
artificial  process  largely  depends. 

3611.  I  would  next  ask  you  if  you  could  describe  to  us 
shortly  the  best  practicable  means  iliait  you  would  pro- 
pose to  adopt  for  sewage  treatment? — iTes.  Perhaps 
it  would  be  well  for  me  to  put  shoitly  a  general  statement 
with  regard  to  tbe  question  of  sewage  pollution.  In  the 
first  pl^e,  then,  I  assume  that  raw  sewage  cannot  be 
allowed  to  flow  into  the  rivers — ^as  it  is  a  polluting 
liquid;  in  the  second  place,  that  the  effiuent  from  any 
available  dhemical  treatment  is  also  unfit,  and  is  a  poUut- 
\n%  liquid,  inasmuch  as  the  effluent  is  charged  with  a 
large  proport'on  of  soluble  putreecible  matters ;  thirdly, 
that,  either  by  land  filtration  or  artificial  filtration, 
with  or  without  previous  treatment,  an  effluent  can  be 
obtained  which  can  be  allowed  to  pass. into  the  stream, 
and  is  not  a  polluting  liquid.  The  question,  therefore,  to 
be  considered  is  what  system  or  systems  of  filtration  are  to 
be  adopted.  The  two  main  methods  in  use  are.  first,  land 
filtration,  including  broad  filtration  (sewage  farms)  and 
in  the  second  place,  artificial  filtration.  With  regard  to 
the  first  method,  there  is  no  doubt  that,  where  the  condi- 
tions are  suital>le  and  where  the  process  is  efficiently 
carried  out,  the  results  are  satisfactory.  I  may  Fay  that 
on  the  Mersey  and  Irwell  watershed  we  have  evidence  of 
tliis.  I  may  mention  the  two  cases  of  Wilmslow  and 
Altrincham,  where  a  good  effluent  has  been  obtained.  (See 
Table  3,  page  204.)  In  the  report  which  was  presented  to 
the  Rivers  Committee  of  the  Manchester  Corporation  on 
the  chemical  analyses  of  tank  effluent,  cinder  filtrate,  and 
coke  filtrate,  you  will  find  the 'effect  of  the  filtration  on 
the  tank  effluent  after  precipitation.  Thee  3  are  not  only, 
yon  will  find,  numbers  giving  the  results  of  analyses, 
but  also  what  I  venture  to  think  is  a  very  useful  method 
of  bringing  the  sub'ect  home  to  one's  mind,  a  series  of 
diagrams  showing  the  results  diagrammatically  of  the 
analyses.  Of  course,  if  it  is  desirable,  I  could  go  into  the 
full  details  of  these,  but,  perhaps,  if  they  are  placed  before 
the  Commission  that  may  suffice.  With  regard,  then,  to 
the  land  filtration,  it  is  unfortunate  that  land  of  a  pni^able 
character  and  area  necessary  in  order  to  effect  what  I  sav 
can  be  brought  about,  and  is  brought  about  in  certain 
places,  namely,  a  satisfiactory  effluent,  especially  in  the 
case  of  large  towns,  is  difficult  to  acquire,  and  where 
possible  in  many  cases  the  cost  :s  often  excessive,  and 
therefore  in  many  instances  artificial  filtration  has  to  be 
resorted  to.  mth  resraid  ±o  the  different  proposed 
methods  of  amfci^cial  filtiration  aa  distinct  from  mere 
mechanical  filtration,  nil  more  or  less  depend  upon  the 
purifvinjf  action  of  ba/»terji,  and  by  the  adoption  of  such 
means  it  has  been  abundantly  shown  that  satjsfaotory 
results  are  obtainable.  I  have  myself  shown,  by  a  long 
series  of  experiments  carried  out  with  Manchester  sewage, 
that  artificial  filtrati<m  can  be  applied  with  success  to  an 
effluent  containing  both  sewage  and  manufacturing  nfuse 
of  all  kind«,  and  varying  in  its  oompositicn  even  from  htm" 
to  hour.  In  proof  of  thid  I  beg  to  submit  the  reports  t'^ 
which  I  have  already  referred,  and  also  a  table,  which  I 
hand  in,  showing  that  out  of  119  tests  on  the  sewage 
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effiuent  from  41  sanitary  authorities  resulting  from  arti-        sw 
ficial  filtration,  88  were  of  a  satisfactory  character.  ^^\/^^* 

V  .^  D.C.L.,  LL.D. 

Land  Filtration.  _!_ 

irJan.  Itt90. 
112  Tests  made  from  38  Sanitary  

Authorities,  January  to  October,  1898. 

Effiuents    that    ablsorbed    oxygen    4 
hours*  test  from — 

0*07  up  to  1  gr.  per  gal.  86 
Igr.  tol-25  „  „  8 
1-25  gr.  to  1-6  „  „  7 
1  *5  and  upwards  •        -11 


112  tests. 

Artificial  Filtration. 

119  Tests  made  from  41  Sanitary 
Authorities,  January  to  October,  1896. 
Effluents    that    amorbed    oxygen    4 
hours'  test  from — 

0*07  up  to  1  gr.  per  gal. 
Igr.  tol-25     „ 
1*25  gr.  to  1*6  „ 
1  *o  and  upwards 


»» 


*i 


88 
8 
9 

14 


119  testrt. 


9512.  On  that  might  I  just  ask  you  when  you  say  you 
have  got  good  effluent  from  your  land  treatment,  is  the 
effluent  gM)d  all  the  year  round  ? — ^Yes,  so  far  as  we  are 
able  to  trace  it,  the  effluent  is  good  all  the  year  round. 
The  question  did  arise  as  to  whether  the  winter  tempera- 
tures would  be  inimical  to  the  action  of  the  purifying 
agent,  but  I  think  the  evidence,  so  far  as  I  have  been 
able  to  obtain  it,  shows  that  the  winter  temperature  does 
not  interfere  materially. 

3513.  And  when  the  land  is  frozen,  does  it  do  any 
harm  ? — ^Well,  I  have  not  had  cases  where  the  land  was 
frozen. 

3514.  You  have  not  tried  it? — ^No,  but  even  then  I 
think  that  in  large  towns,  at  any  rate,  the  temperature  of 
the  sewage  will  always  be  above  the  freezing  point — ^I 
mean,  sufficiently  above  the  freezing  point  to  enable  the 
purifying  action  to  go  on.  If  we  take  Manchester,  for 
example,  where  there  are  something  like  26,000,000 
gallons  coming  down  daily,  the  temperature  of  that  liquid 
is  always  sufficiently  high  to  enable  the  purifying  aotion 
to  take  place. 

3515.  Bui  would  it  not  flow  over  the  surface  of  tlie 
frozen  land,  instead  of  flowing  through  it  7 — Oh,  in  caees  of 
land  filtration  there  would  no  doubt  be  a  difficidtv. 

3515.  {8%T  Bichard  Thome.)  May  I  ask  you  one  ques- 
tion. Sir  Henry  Boscoe,  on  Uiat  last  sentence  of  yours, 
namely,  that  out  of  110  tests  88  were  satisfactory  ?-^Yes. 

3517.  Does  that  mean  119  solitary  tests,  or  were  they 
sewage  effluents  that  were  discharged  at  different  times 
accoiding  to  differing  rainfall,  temperature,  etc.  I— The 
latter. 

3518.  Then  you  say,  of  sewage  effluents  resulting  from 
artificial  filtration  88  were  of  a  satisfactory  character.  You 
have  just  said  that  artificial  filtration  without  previoua 
treatment  will  suffice.  Were  those  B8  without  any 
previous  treatment  all  the  result  of  simple  artificial  filtra- 
tion?— No,  I  think  that  in  many  cases  there  was  also 
precipitation. 

3510.  Then  it  is  artificial  filtration  plus  precipitation  ?~- 
Plus  precipitation. 

3520.  Plus  previous  treatment  ?— Plus  previous  treat- 
ment. 

3621.  Yes,  that  alters  the  case  a  good  deal  ?— Li  refer- 
ring to  4ihis  question  of  artificial  filtration,  might  I  refer 
to  the  former  page,  namely,  on  page  15,  in  which  I  have 
described  the  action  of  the  experiments  of  filters  which 
under  my  charge  were  working  for  some  time  at  Davy- 
hulme  for  the  Corporation  6t  Manchester.  I  say,  at  the 
top  of  page  309  the  question  of  the  lasting  power  of  the 
filter  is  important,  and  my  experience  on  this  point  is  that 
the  material  does  undergo  a  change,  and  that  the  quantity 
of  liquid  tliat  could  be  passed  through  does  diminish  in 
the  course  of  time.  How  long  it  will  take  to  become 
inefficient  time  alone  can  show.  We  have  not  yet  had 
sufficient  experience,  and  upon  the  cost  of  working,  the 
artificial  process  krgely  depends.  I  should  like  to  add 
that,  since  I  wrote  this,  I  have  received  the  evidence  which 
was  given  before  a  Local  Government  Bosrd  inquiry  only 
lasu  weeK. 

3622.  {Chnirmnn.)  A  Local  Government  Board  inqi  ir- 
where  ?— A  Local  Government  Board  inquiry  which  h^is 
been  made  in  Manchester  on  an  application  to  the  l«w? 
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Sir        Government  Board  for  sanction  to  borrow  money  for  pur- 

^'w^T^'   P<^*®*  ®^  sewerage   and  sewage  dispos&l,  before  Major- 

i).c:l!,*ll.d.  General  H.  D.  Crozier,  R.E.,  and  Theodore  Thompson, 

—       "Esq,,  M.D.,  because  in  this  evidence  reference  is  made  to 

17  Jan.  1899.  ^^  quertion  of  the  capaci^  and  of  the  filtering  power  of 

these  particular  filters,  which  I  started  some  three  years 

ago,  and  which  has  been  carried  on  by  a  chemist  under 

the  direction  of  the  Manchcf^tcr  Corporation.     I  think  it 

might  be  important  to  hand  in  a  drawing  of  these  filters, 

as  they  are  the  ones  that   I  rely  upon   meet   in  my 

evidence.     {Drawing  put  in,)    And  I  think,  perhaps,  I 

might  bring  before  you  the  answers  which  were  given  on 

this  occasion  last  week  on  this  subject,  because  it  shows 

that  since  I  reported  to  the  Oorporation  those  filters  have 

been  in  continuous  work,  and  at  the  present  time  are 

doint;  their  work  admirably  well.     The  question  460  is  by 

Mr.  Balfour  Browne. 

3523,  (Professor  Foster.)  May  I  ask  a  question,  my 
Lord  ?  Are  these  the  two  small  experimental  filters  that 
we  saw  the  day  we  were  there  ? — ^Yes,  they  are. 

3524.  I  think  as  we  were  walking  towards  the  outfall  7 
— ^Yes,  those  are  the  two.  The  questions  were  put  by 
Mr.  Balfour  Browne,  who  appeared  for  the  Manchester 
Ck>rporation,  and  he  asks  the  questions  of  Mr.  Gilbert  J. 
Fowler,  who  is  the  resident  chemist: — "I  want  to  aak 
you  about  another  matter  before  we  come  to  some  of  your 
tests.  It  is  the  question  of  the  loss  of  capacity  of  the 
filters  ])y  user.  Tou  have  had  an  experience  of  two  and 
a-half  years  of  the  working.  Will  you  tell  us,  espedally 
in  the  case  of  the  Boscoe  filters  " — (I  do  not  like  the  use 
of  my  name  in  that  sort  of  way) — "  or  Roscoe  beds,  what 
you  have  to  say  with  regard  to  the  loss  of  capacity  ? — Our 
experience  with  regaid  to  the  loss  of  canacitv  has  been 
that  the  loss  was  very  considerable  in  the  first  few  montiis 
of  working.  If  we  take  the  measurements  from  December 
10th,  18^^ — ^which  were  made,  I  believe,  by  Mr.  Scudder 
—down  to  those  made  on  April  26th,  1807,  there  is  a  total 
decrease  of  something  like  20  per  cent.  ;  but  if  we  go  on 
from  that  time  until  the  pre^^ent  time" — (that,  you  see, 
is  about  a  period  of  two  years) — "  until  the  present  time, 
we  find  that  the  total  decrease  in  capacity — ^taking  an  aver- 
age, and  tak  Jig  the  measurements  under  the  same  condi- 
tions, which  is  most  important — the  total  decrease  amounts 
to  only  about  two  or  three  per  cent.  (Q.)  Then  you 
think,  after  working  a  certain  time,  you  eet  practically  a 
stable  condition,  or  nearlv  a  stable  condition,  so  fa"  as 
capacity  is  concerned? — (A.)  It  seems  to  be  so.  We 
have  noticed  that,  while  the  filters  have  ceased  to  lose 
tsapacity,  the  suif ace  has  to  some  extent  been  raised.  That 
is  to  say,  it  looks  as  if  a  Grood  deal  of  the  suspended  mat'er 
accumulated  on  the  surface,  and  the  surfice,  from  being 
Tough  gravel,  has  come  to  be  more  in  the  condition  of  fine 
soil  At  the  same  time,  with  that  change  in  the  charaoter  of 
the  surface  the  efficiency — ^the  chemical  and  bacteriological 
efficiency— of  the  filters  appears  to  increase.  (Q.)  I  was 
going  to  ask  that  question  7-^ A.)  So  that  during  the  last 
year  our  results  have  undoubtedly  been  chemically  more 
satisfactory  than  in  previous  years.  (Q.)  Therefore,  this 
loss  of  capacity  is  not  an  injury  reallv  to  the  contact  power 
of  the  filter,  but  rather  increase  :t? — (A.)  That  appears 
to  be  the  case ;  and  I  may  say,  further,  that  recently  we 
have  tried  experiments  of  puttinir  more  effluent  upon 
these  filters — that  is  to  say,  instead  of  filling  them  three 
times,  we  fill  them  four  times  a  dav.  That  makes  the 
nuant^ty  we  pre  dealmg  with  '^ow  up  to  the  original  quan- 
tity dealt  with  on  the  16th  December,  1806.  We  have 
had  this  ?oin?  for  a  month  now,  and  the  results  have  been 
uniformly  satisfactory.'* 

3526.  (Sir  Vichard  Thome.)  May  I  just  ask  if  that 
refers  to  artificial  filftration  alone  or  artificial  filtnrfion 
foUowine  some  chemical  treatment? — ^Artificial  ffltratioQ, 
following  the  precipitation  treatmentw 

3526.  Then  it  is  impossible  to  judge  of  the  value  of  tlie 
filtration  process  without  knowini?  what  the  precipitation 
process  was,  and  what  it  did  ? — ^I  know  what  it  was,  and  I 
know  what  it  did. 

3627.  I  mean  we  could  not  judge? — ^No,  vou  would 
have  to  know  what  the  previous  chemical  treatment  was, 
of  course. 

3528.  {Mr,  Killick.)  I  might  i»ay,  my  Lord,  the  Town 
Clerk  of  Manchester  has  pronused  to  give  us  full  notes  of 
til's  inquiry,  and   therefore   this  wil  all  be  put  in. 

352a  {Sir  Bichard  Thome,)  But  that  ambiguity  to  my 
mind  runs  through  a  larpe  portion  of  the  evidence  you 
have  been  good  enough  to  lay  before  us.  For  example,  in 
table  3  on  page  305  we  get  artificial  filtration,  we  get  land, 
tnd  we  pet  chemical  preciyitation?— That  is  so. 
.  3630.  Now  as  to  artnfidal  filtration  in  all  these  cases ; 
are  we  to  judge  of  it  in  contrast  to  land  treatment  and 


to  chemical  precipitation,  or  do  two  processes  sometimes 
go  hand  in  hand  ?-— In  most  cases  the  two  go  hand  in  hand. 

3531.  Then  it  is  not  really  artificial  fiHtmtion  at 
Tyld^ley  ai^d  Bochdale  as  contrasted  with  diemical  pre- 
cipitation at  Wilmslow  and  Bochdale? — ^No,  as  a  rule, 
artificial  filtration  is  subsequent. 

3532.  Then  what  we  really  have  to  compare  in  this 
evidence  is  in  the  main  artificial  filtration  following  on 
chemical  precipitation  with  the  other  processes? — ^With 
chemical  precipitation  alone. 

3533.  Perhaps  in  looking  through  the  evidence  you  will 
make  that  dear  7 — I  wilL 

3534.  It  does  not  appear  dear  on  the  evidence  ? — ^Tes,  J 
will  take  care  to  make  that  dear.* 

3536.  And  the  ambiguity  runs  right  through  the  evi* 
dence  ? — ^I  may  add  that,  as  I  have  said  before,  all  these 
artificial  filters  presupposes  chemical  treatment.  If  that 
is  not  made  clear,  it  should  be  made  clear. 

3536.  1  will  explain  to  you  why  it  is  not  quite  dear, 
because  one  of  your  oxidusions  this  morning  is  to  this 
effect,  that,  amongst  the  best  practical  means,  you  had 
either  land  filtration  or  artificial  filtration,  in  each  case 
with  or  without  previous  treatment  9 — Yes,  that  is  so. 

3537.  Therefore  it  does  not  (juite  follow  that  two  linked 
processes  are  always  in  question  7 — I  would  say  that  in 
almost  all  the  cases  that  I  have  reported  upon,  artificial 
filtration  is  accompanied  previously  hj  some  method  either 
of  sedimentation  or  of  chemical  precipitation. 

3538.  That  makes  it  clear,  I  think?— Yes.  I  think, 
perhaps,  I  might  add — ^I  am  not  sure  whether  I  have  made 
it  quite  clear — ^that  I  have  no  evidence  to  bring  forward  tc 
8how  that  raw  sewage  can  be  treated  by  artificaal  filtration 
alone.     With  land  filtration  the  thing  is  different^ 

3530.  Then  may  I  ask  l^e  meaning  of  that  condusion 
which  I  have  just  read,  that  it  can  be  done  either  by  land 
filtration  or  by  artificial  filtration,  with  or  wiUiout  pre- 
vious treatment? — ^Yes.  I  am  much  obliged,  I  shali  be 
glad  to  explain  that.  I  know  that  there  are  statements 
made  that,  without  previous  treatment,  artificial  filtration 
is  possible.  I  did  not  in  mv  evidence  fi[ive  any  partaculan 
because  it  has  not  come  before  me,  and  I  only  wish  to  say 
there  that  it  is  stated,  but  I  do  not  propose,  and  I  cannot 
enter  into  the  question,  but  I  only  wirfi  that  to  be  noticed 
that  it  is  stated  that  artificial  filtraticm  without  previous 
treatment  is  a  possibility. 

,   3540.  I  notice  now  tl  at  it  is  below,  and  not  above,  your 
signature  ? — Yes. 

3y^l.  {Colonel  Harding,)  I  want  to  ask  Sir  Henry 
a  question  on  the  important  point  that  he  has  men- 
tioned as  to  there  being  only  thiee  per  cent,  loss  of 
capadty  over  a  long  peri^  in  the  experimental  filters  at 
Manchester.  I  should  like  to  know  if  he  cin  tell  n^  how 
many  grains  of  suspended  matter  there  were  in  the  effluent 
that  he  is  treating  there  ?— You  mean,  in  the  effluent.  Yes ; 
well,  I  have  not  got  that ;  perhaps  Mr.  »Scudder  will  find 
that  The  quantity  does  never  exceed  one  and  a>half 
grains  per  gallon. 

3542.  Is  that  in  what  flows  from  the  filter— filtrate  f— 
In  what  flows  from  the  tanks  on  to  the  filters. 

3543.  Substantially,  then,  there  was  no  suspended 
matter  going  to  the  filter  ?— Practically  little  suspended 
matter  in  the  tank  effluent. 

3544.  {Chairman.)  May  I  ask  you  this,  what  impor- 
tance you  attach  to  the  presence  of  nitrites  and  nitntev 
in  the  sewage  effluent  1— Nitrogen  as  nitrites  and  nitrates 
is  not  always  present  in  fiJterdl  effluents,  and  when  pre- 
sent, as  a  rule,  only  in  very  small  amount,  except  where 
the  filter  has  been  aerated  for  some  time,  and  the  first 
waters  do  then  invariably  show  a  high  nitrate  result,  and 
it  is  for  those  reasons  the  importmce  cf  this  determination 
appears  only  to  show  that  a  cert^iin  amount  cf  oxidation  of 
organic  nitrogen  has  taken  place,  but  not  necessarily  tliat 
the  whole  has  been  oxidised.  Analytical  determinations 
have  been  made  as  to  the  amount  of  nitrates  found  in  the 
tank  effluents,  and  the  filtered  efflu^its  in  the  Davyhulme 
.samples,  and  I  may  refer  to  these  as  illustrating  mv  view. 
\l8o  to  tables  7.  8,  and  9.  where  various  sewage  efflupnts 
have  been  specially  examined  for  nitrates. 


•  Thirty-eight  Sanitary  Authorities  are  using  land  filtra- 
tion. Of  these  16  adopted  broad  irrigation  pure  and  Himnle : 
13  sedimentation  in  tanks.  Ymt  no  chemicals,  with  sulise- 
qnent  land  filtration  i  9  precipitation  by  chemicals,  settle- 
ment in  tanks,  and  sn1)i4e()uent  land  filtration.  Forty-one 
Sanitary  Authorities  are  n«ing  artificial  filtration.  In  all 
these  cases  chemical  nrecipitation.  with  subsequent  settle- 
ment in  tanks,  is  userl  prior  to  filtration  thrsugh  filterin^r 
me:Uum     (See  table  on  fmge  207.) 
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Table  7. 
ANALYSES  OF  SAMPLES  OF  SEWAGE  EFFLUENTS  FROM  NINETEEN  SANITARY  AUTHORITIES. 


Sir 
H.tUmcoe, 

D.O.L.,  LL.D. 

17  Jan.  18091 


Results  Expressed  in  Grains  per  Gallon. 


Authority. 

Oxygen 

Absorbed 

4  hours. 

Ammonias. 

Nitrites 
and 

Nitrites. 

S 

Remarks. 

Free. 

Alb. 

Nitrates 
a8(H). 

s 

Eccles 

0-50 

0-38 

0-018 

0152 

Distinct 

51 

Clear  and  colourless,  free  from 
smell. 

Wilinslow      ,        -        -        - 

0-35 

0-19 

0-020 

0042 

Faint  traces 

2-8 

Clear  and  colourless,  no  smell. 

Stretford        -        -        -        . 

0-30 

0129 

0022 

0-310 

Abundant    - 

6-0 

Clear  and  colourless,  free  from 
smell,  small  quantity  brown 
sediment. 

WaTdle  -        -        ,        -        - 

036 

0-44 

0-040 

0-271 

Slight  traces 

3-5 

Clear,  sparkling,  free  from  smell. 

Worsley  (Barton  Mors) 
Altrinciiam            ... 

0-83 

0-395 

0041 

0117 

Distinct 

4-6 

Clear  and  colourless,  no  smell. 

0*69 

0-28 

0042 

0133 

None    • 

5-9 

A  slightly  brown-coloured  effluent^ 

no  suspended  matter,  no  smell. 
Clear  and  colourless,  no  smell 

Westhonghton    (Dog    Holes 

Farm). 
Littleborough 
A>*hton-on-Mersey 

Oil 

0-046 

0-045 

0-195 

Trace  - 

- 

007 

0-42 

0060 

0-098 

None    • 

2-2 

Clear  and*  colourless,  no  smell. 

0-56 

0-70 

0055 

0-006 

None    • 

3-5 

Clear  and  colourless,  free  from 

smelU 

("rompton       -        .        -        . 

015 

Oil 

0-060 

0198 

None    . 

2-8 

Clear,  sparkling,  no  smell. 

Withington  »       •       -        - 

0-62 

1-37 

0064 

0-006 

Faint  trace  - 

40 

Colourless  and  free  from  smell, 
small  quantity  of  brown  sus- 
pended matter. 

Westhonghton  (Marsh  Brook) 
Little  HiUton 

0-24 

0-21 

0-067 

0036 

Trace  - 

— 

Clear  and  colourless,  no  smell. 

0-36 

0-31 

0074 

0032 

None    - 

30 

Clear  and  colourless,  no  smell. 

Northenden  (BncklowR.  D.  C. ) 

0-42 

0-61 

0-084 

0-057 

None    - 

3-4 

Clear  and  colourless,  with  small 
quantity  of  white  sediment, 
very  faint  smell. 

Barton  (Clifton)     - 

0-28 

0-43 

0-090 

O-TOO 

Traces - 

51 

Clear  and  colourless,  free  from 
smell. 

Hale  (Bucklow)     - 

0-60 

0-56 

0  090 

0-018 

Distinct 

3-7 

Clear  and  colourless,  free  from 
smell. 

Astley  Bridge 

Alderley         -        -        -        . 

0-86 

0-92 

0098 

0-252 

Abundant 

3-8 

Clear  and  colourless,  no  smell. 

0-41 

0-43 

0100 

0-078 

Distinct 

4  0 

Clear  and  colourless,  no  smell. 

Hindley         .        -        -       - 

107 

0-175 

0-105 

0047 

Slight  traces 

30 

A  colourless  effluent,  with  a  little 
flocculent  suspended  matter,  no 
smell. 

Table  8. 


ANALYSES  OF  SAMPLES  OF  SEWAGE  EFFLUENTS  FROM  EIGHT  SANITARY  AUTHORITIES. 

Results  Expressed  in  Grains  per  Gallon. 


Authority 

Oxygen 

Absorbed 

4  hours. 

Ammoniairt. 

Nitrites 

and 
Nitnites 
as(H). 

Nitrities. 

«5 

Remarks. 

Free.    Alb. 

1 

Bury  R.D.C.  (Tottington)    - 
M  orsley  (Boothstown)  - 
Tiniperley  (Bucklow  R.D.C.) 
Westhonghton  ( Roger*}*  Farm) 

Turton 

Bowdon          .        -        -        - 

Marple 

Dunham    Massey    (Bucklow 
R.D.C.) 

0-30 
0-98 
0-64 
0-65 
0-61 
0-47 
0-60 

0-91 

0-61 
0-22 
0-32 
0-80 
1-28 
0-48 
1-62 

1-16 

Oil 
0-11 
0-12 
013 
014 
018 
0-21 

0-22 

018 
0-075 
0-03 
0-049 
0047 
0-133 
None. 

0-174 

Trace. 

Strong  traces. 

Abundant. 

Faint  traces. 

Abundant. 

Faint  traces. 

None. 

Plentiful. 

2-7 
3-8 

4-4 
31 

3-0 

Clear,  with  just  a  little  brown 
matter  in  suspension,  no  smell. 

A  slightly  brown  coloured  efflu- 
ent, no  smell. 

Clear,  colourless,  free  from  smell. 

Clear,  colourless,  free  from  smell. 
Clear,  colourless,  free  from  smell 

Slightly  turbid,  little  flocculent 

sediment,  no  smell. 
Slightly    brown   coloured,   with 

little  brown  suspended  matter, 

no  smell. 
Clear,  with  little  grey  sediment, 

no  smell. 

1213. 


Dd 
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ROTAL  COMMISSION  ON  SEWAQE  DISPOSAL: 


Sir 
E.Bo§eo4, 

D.O.L.,  lJt,li, 

17  Jan.  1890. 


Tablb  9. 

ANALYSES  OF  SAMPLES  OF  SEWAGE  EFFLUENTS  FBOM  SIX  SANITARY  AUTHORITIES. 

Results  Expressed  in  Grains  per  Gallon. 


Authority. 

Oxygen 

Absorbed 

4  hours. 

Ammonias. 

Nitrites 

and 
Nitrates 

as(H). 

Nitrities. 

(3 

6 

Remarks. 

Free. 

Alb. 

Offerton  (Stockport)      -       -  1 
Bowdon         .... 
Dunham  Massey  - 

Knutsford     -        .        -        - 

Bollington     -        -        -        - 

Sale       -       .       •       .       . 

119 
1-25 
2-24 

1*83 

2-33 

3-94 

0-46 
1-01 
1-00 

316 

1-87' 

1-66 

* 

018 
0-22 
0-24 

0-39 

0-47 

0-87 

0189 
0-018 
0-002 

0-022 

None. 

None. 

Strong  traces. 

None. 

Trace. 

None. 

Plentiful. 

3-4 

2-1 

7  0 
6-0 
6-6 

Slightly  pink  coloured,  some  sua- 

pendea  matter,  no  smell. 
A  small  amount  of  dark-coloured 

suspended  matter,  slight  smell. 
A  dark-coloured  effluent,  having 

some  black  suspended  matter, 

and  a  slight  smelL 
Slightly  turbid,  a  little  flooculent 

suspended  matter,  slight  and 

putrescent  smell. 
Slightly  turbid,  vnili  a  quantity 

of  white  suspended  matter,  and 

faint  putrescent  smell. 
Turbid,  with  a  quantity  of  black 

suspended  matter  and  sewage 

fungus,  and  having  putrescent 

smell. 

3546.  Could  you  say  generally  whether  you  prefer  land 
or  artificial  filtration? — ^This  seems  to  me  to  depend  en- 
tirely upon  the  circumstances  of  the  case,  and  I  should 
doubt  whether  it  would  be  possible— at  any  rate,  I  could 
not  undertake  to  do  so,  to  lay  down  any  general  principles 
upon  this  point.  What  I  do  say  is  this,  that  with  suitable 
land  and  a  limited  quantity  of  sewage  effluent,  say  a 
maximum  of  60,000  gallons  per  acre — for  in  both  cases 
I  am  supposing,  as  I  told  Sir  Bichard  Thome  just  now — 
the  preliminary  settlement  by  chemical  treatment  in  tanks 
has  been  adopted,  land  filtration  can  be  excellent ;  but 
where  large  quantities  of  sewage  have  to  be  treated,  and 
where  the  necessary  area  of  limd  is  either  insufficient  or 
unsuitable,  there  artificial  filtration  at  a  maximum  rate 
of  800,000  gallons  per  acre  can  with  success  be  resorted 
to,  because  the  area  needed  is  very  much  less  than  is 
required  for  land  filtration  to  obtain  a  good  result.  In 
support  of  these  conclusions  I  refer  you  to  the  details  of 
the  reports  which  I  have  handed  in. 

3546.  Following  up  Sir  Bichard  Thome's  questions,  do 
I  understand  that  your  experience  is  generally  both  with 
land  filtration  and  artificial  filtration  that  there  is  pre- 
cipitation precedent  to  both  of  them? — ^Yes  ;that  is  to 
say,  I  have  not  had  sufficient  evidence  put  before  me  to 
enable  me  to  state  whether  it  is  possible  to  put  crude 
sewage  containing  soMd  matters  on  to  an  artificial  filter 
with  success. 

3547.  You  have  had  experience,  I  suppose,  of  crude 
sewage  going  on  to  land  without  any  precipitati9n  ? — ^Yes, 
in  some  few  instances  those  that  I  refer  to  at  Wilmslow 
and  Altrincham. 

3548.  And  could  you  tell  us  whether  you  have  any 
opinion  as  to  whether  precipitation  is  idesiraible  where  it 
is  a  question  of  land  filtration? — I  thdnk  it  all  depends 
upon  the  conditions  of  the  case.  I  thixUc  that  if  the  quan« 
tity  of  lihe  sewage  is  moderate  and  if  the  area  of  available 
and  suitable  land  is  satisfactory,  then  I  believe  that  it 
may  be  done. 

3648.  Without  predpitadon  ?--Yes, .  but  I  think  that 
those  conditions  are  essential,  and  I  also  think  that  in 
most  cases  and  in  the  important  cases — I  refer  to  large 
cities — that  these  conditions  cannot  be  complied  with. 

3560.  Then  you  would  ooDsider  tiiat  in  the  case  of  a 
large  city  which  dealt  with  its  sewage  by  land  treatment 
precipitation  would  most  likely  be  necessary  ? — Yes,  I  do ; 
I  think  it  will  greatly  assist  the  action  of  the  land  filtra- 
tion. 

3661.  And  I  believe  that  experiments  are  being  con- 
ducted under  your  directions  at  Huddersfield  and  Pendle- 
bury?— Yes- 

3662.  With  a  view  to  seeing  whether  crude  sewage  can 
go  on  to  an  artificial  filter? — On  to  an  artificial  filter,  yes. 

3653.  Without  previous  precipitation? — I  am  making 
experiments  upon  that  subject,  out  I  do  not  think  they 


are  sufficiently  advanced  to  enable  me  to  report  in  a  way 
I  should*  wish  to  do.  Perhaps  on  some  future  occasion  it 
you  desire  to  have  evidence  on  that  point,  I  shall  be  able 
to  bring  it  before  you. 

3664.  (Mr.  KUlick,)  There  is  one  question  I  should 
like  to  ask  whidi  I  think  has  been  an  omission  in  Sir  Henry 
BoBcoe's  evidence.  You  have  not  stated,  Sir  Henry,  the 
xaethod  upon  which  you  have  dealt  or  advised  the  Mersey 
and  IrweU  Committee  to  deal  with  manufacturers'  effluents 
ill  Ae  watershed  ? — ^I  am  much  obliged  to  you,  Mr.  Killick, 
for  asking  me  that  question.  The  subject  of  the  mannfatv 
turets'  refuse  is  a  totally  distinct  one,  of  course,  from  that 
of  the  sewage  effluents.  When  I  was  first  asked  to  assist 
the  Mersey  and  Irwell  Committee  with  regard  to  the  puri- 
fication of  the  streams,  from  refuse  from  manufaoturei^, 
in  i^e  first  place  I  advised  them  that  it  would  be  abso- 
lutely necessary  that  the  manufacturers  should  be  treated 
with^  great  consideration,  and  that  we  should  endeavour  to 
obtain  their  sanction  and  their  good  will,  and  that  I  may 
say  we  have  succeeded  beyond  my  expectation  at  the  time 
in  so  doing,  that  is  to  say,  that,  with  very  few  exceptions, 
the  manufacturers  have  come  forward  and  met  the  re- 
quirements of  the  Committee  with  results  that  have  been 
altogether  quite  satisfactory.  And  as  a  proof  of  that  I 
may  say  that  we  have  now  succeeded  in  entirely  stopping 
what  is  after  all  the  most  important  question  as  regardn 
manufacturing  effluents,  that  is  the  entrance  of  all 
solid  matters  into  the  rivers,  so  that  at  the  present 
moment  we  may  say  that  that  is  un  fait  (iceompU.  In 
ord^r  to  give  an  idea  of  the  way  in  which  the  manufac- 
turers have  met  us,  I  may  say  that  a  very  considerable 
number  of  manufacturers  on  tiie  streams,  of  which  there 
are,  as  you  probably  know,  several  hundred,  all  differing 
in  the  amount  of  pollution — I  say  that  many  of  those  have 
speiit  many  thousands  of  pounds  in  coming  to  an  agree- 
ment with  the  Committee  and  putting  up  worka  I  may 
menticm,  for  example,  one  particular  case,  at  Dinting, 
near  Glossop,  the  large  calico  print  works  of  Messrs. 
Edmund  Potter  and  Comnany,  where  they  have  spent 
somiathing  like  £4,000  or  £6,000.  A  similar  works  up  on 
the  other  side  in  the  valley  has  spent  in  the  same  way,  hu 
that  I  think  that  we  have  met  with  entire  good  will  on 
the  part  of  the  manufactureris,  and  they  have  done  what 
they  could  to  improve  the  condition  of  the  streamaw  That 
this  improvement  has  been  of  importance,  I  may  state  that 
on  some  of  the  lower  portions  of  the  stream  the  water  used 
to  be  extremely  bad,  so  much  so  that  the  manufacturers 
were  unable  to  use  the  water,  one  particular  manufacturer 
was  unable  to  carry  on  his  works  at  all,  and  ainoe  our 
Committee  has  been  at  work  the  quality  of  the  effluent 
has  been  so  much  improved  that  that  which  took  them 
many  days  to  accomplish  can  now  be  worked  in  as  many 
hours,  so  that  there  has  been  a  very  considerable  im- 
provement in  the  condition  of  the  streams  in  this  respect. 
We  have  had  a  few  cases  in  which  manufacturezts  have 
been  brought  up  before  the  Committee,  and  in  which  pro- 
ceedings have  been  taken  against  them.    In  all  those  cases 
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they  have  not  been  rery  numerous — the  CJomm&tfcee 

have  gained  their  case.  There  are  same  one  or  two  of  these 
Tarious  trades  that  are  carried  on  in  Lancashire  which  are 
difficult ;  otherwise  I  think  on  the  -whole  the  matter  ci 
helping  the  manufacturers  to  purify  their  effluent  is  not 
a  very  difficult  one.  In  some  instancea  we  have  been 
obliged  to  ask  the  Corporations  to  take  in  the  drainage 
from  these  works  from  some  tanneries  and  breweries 
situated  in  the  town.  Thus  an  arrangement  has  been 
made  by  which  the  manufacturing  refuse  which  formerly 
went  into  the  streams  now  goes  into  the  city  drains,  and 
comes  out  and  is  treated  along  with  the  sewage,  and  that 
has  been  satisfactory.  In  other  cases— there  are  certain 
few  processes  which  are  certainly  very  difficult  to  treat ; 
for  instance,  the  fellmongers,  the  treatment  of  skms, 
where  thev  clesn  the  skins  the  refuse  and  effluent 
is  extremely  bad,  and  it  is  necessary  to  do  something  more 
than  to  get  rid  of  the  solid  constituents,  but  I  may  men- 
tion that  in  getting  rid  of  the  solid  constituents  in  many 
cases  a  considerable  quantity  of  the  soluble  no»ou8  in- 
gredients are  also  deposited,  so  that  whilst  we  secure 
the  complete  absence  of  solid  matter  in  the  streams,  we 
do,  by  that  very  process,  get  rid  in  a  great  number  of  m- 
stances  of  a  very  considerable  quantity  of  the  soluble 
impurities.  In  the  case  of  these  fellmongers  the  difficulty 
is  great,  but  they  are  a  small  number,  and  they  do  not 
produce  any  very  serious  defect.  I  suppose  the  Com- 
mission will  be  well  aware  that  although  it  no  doubt 
is  important  that  the  manufacturing  refuse  should  be  dealt 
with,  the  far  greater  evil  is  that  due  to  sewage  from  large 
towns,  and  there,  as  I  at  once  informed  the  Irwell  Com- 
mittee, it  is  not  a  matter  which  requires  any  great  amount 
of  prevision,  there  is  the  difficulty.  The  difficulty  in 
dealing  with  the  manufacturers  is  comparatively  smaU 
compared  with  the  difficulty  of  dealing  with  these  large 
manufacturing  towns  which  drain  and  have  drained  ever 
since  they  existed  into  these  streams,  and  in  that  respect, 
although  progress  has  been  made,  yet  one  miwt  confess 
that  still  a  good  deal  remains  to  be  done,  and  that  the 
rivers  would  be  in  a  very  much  better  condition  if  all  the 
authorities,  especially  the  large  ones  on  the  streams,  were 
doing  what  I  thirfc  they  ought  to  do. 

3555.  Might  I  ask  Sir  Henry  to  put  this  into  figures : 
As  regards  manufacturers*  effluents  so  far,  under  your 
advice,  the  Mersey  and  IrweU  liave  only  dealt  with  solids 
in  suspension?— Yes,  that  is  so. 

3566.  And  you  advised  them  that  a  good  effluent  is 
when  there  are  no  soliiis  in  suspension  and  where  the 
nolids  in  solution  of  an  organic  character  do  not  exceed  Li 
grains  to  the  gallon?— That  is  so. 

3657.  And  the  samples  did  not  deposit  any  solid  matter 
on  standing  two  or  three  days?— Yes,  that  is  so. 

3558.  You  further  advised  us  that  an  effluent  with  five 
grains  or  more  in  suspension  is  a  bad  effluent  ?— Yes. 

3669.  Inorganic  solids  in  solution  have  not  yet  been 
dealt  with?-No.  As  I  said  before,  in  the  process  of 
getting  rid  of  the  solids  we  get  rid  of  a  good  deal  of  the 
m>lub^  organic  matter.  I  do  not  know  whether  I  made 
that  clear  that  in  many  of  the  cases  of  the  manuf aotureis 
a  system  of  filtration  as  weU  as  of  subsidence  has  been 
adopted.  ^  •        a- 

3660.  (Professor  Bamsay.)  You  use  tl^©  e^P'®*?^^' »» 
Henry,  in  your  evidence  in  chief,  "A  polluting  hqmd  ; 
would  you  in  the  Kght  of  your  later  explanation  »y  «»»* 
as  a  nile  manufacturers'  effluents  ?f\.^<>V^^^ 
Hquids."  At  all  events,  if  they  are  polluting  l^q^"^^ 
c2;  easily  be  dealt  with?-Yes,  I  refer  there  to  sewage 
Xne  A  polluting  liquid  in  the  case  of  a  manufacturer 
would  be  a  liquid  containing  solid  material  as  wilL 

3561  Then  you  regard  as  by  no  means  the  most 
troublesome  part  of  the  problem  the  disposal  of  manufac- 
S  refuse?-No,  I  reg«d  ^^J^^^l^^^."^ 
problem,  and  much  more  readily  solved  than  that  of  deal- 
ing with  the  sewage. 

3562  Then  would  you  recommend  tihat  tfie  effluents 
«hould'be  aHowed  to  run  into  the  rivers  after  tiieir  own 
puXrtion,  or  that  they  should  be  united  with  the  ^^ 
bef^purification?-Well,  it  depends  as  I  have  saiB, 
enthelT  upon  the  position  of  the  manufacturer.  H  he  is 
upWeXntry,  Sis  tiie  case  in  many  of  Aoee  works  on 
«Lri^  then  there,  of  course,  he  has  to  run  into  th^ 
Ter^'^e^e  of  where  he  is  situated  within  the  area 
nf  A  dtv  having  a  system  of  drainage,  there,  of  course,  if 
*the  S^ti^  agr^^to  it,  he  can  send  his  sewage 
X'X^drains..  But  ii  ^^^V.  .«?«'  ^^tj 
have  leant  upon  is  the  clause  which  as  so  useful, 
because  it  is  so  elastic,  namely,  "the  best  practicable 
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means  "  ;  that  is  to  say,  that,  as  regards  the  manufacturers,        air 
I  have  always  avoided  setting  up  a  special  standard,  and  I  '^^^^^ 
have  always  said  that  the  object  we  have  in  view  is  to  find  d.o.l./ll.d. 
out  what  are  the  "  best  practicable  means  "  for  dealing  with     j^^oaa 
this  man's  effluent.    Indeed,  the  same  thing  applies  to  ^^  ^"•^^^' 
sewage  effluents,  as  I  have  pointed  out. 

3563.  Then  I  should  like  to  ask  some  questions  as  to 
your  tests  for  the  polluting  liquid  ? — ^Yes. 

3564.  Might  I  just  follow  the  evidence  as  it  runs?  Begin- 
ning on  page  299,  you  first  allude  to  the  self-purification  of 
rivers.  I  suppose  you  regard  it  as  certain  that  rivers  will 
purify  themselves? — Yes,  I  do.  That  is  to  say,  within 
certiam  Hmits.  I  do  not  beHeve  that  our  riven  in  Lanca^ 
riiire  would  ever  purify  themselves  completely  before  they 
got  to  the  sea,  but  if  you  were  to  allow  them  to  put  a 
sufficient  quantity  of  water  in,  and  a  sufficient  quantity  of 
the  disturbing  matter  out,  and  have  them  of  sufficient 
length,  then  self-purification  mig^t  and  would  occur. 

3565.  Then  that  is  obviously  due  to  the  absorption  of 
oxygen,  and  you  point  out  at  the  foot  of  page  4  that  Sir 
Edward  Frankland  directed  attention  to  that  7 — Yes. 

3566.  But  now  one  would  regard  it,  not  as  the  absorp- 
tion of  dissolved  oxygen,  but  the  utilisation  of  that  oxygen 
by  bacteria  ? — Yes,  that  is  so. 

3567.  Then  as  regards  the  nature  <^  the  organic  matter, 
you  attempt  to  determine  that  nature  by  various  tests ; 
one,  for  example,  is  the  oxygen  absorbed  ? — ^Yes. 

.  3568.  I  notice  that  Mr.  Dibdin  in  his  evidence  employs 
a  different  test  from  the  <me  which  is  employed  by  Mr. 
Scudder.  Mr.  Dibdin  tries  the  amount  of  permanganate 
which  is  used  at  once,  and  slso  after  four  hours,  at  80^ 
Fahr.  ?— Yes. 

3560.  Whereas  Mr.  Scudder  estimates  the  perman- 
ganate which  is  destroyed  after  three  minutes  and  after 
four  hours  at  60°  Fahr.  ?— Yes,  at  60°  Fahr. 

3570.  Have  any  comparative  experiments  been  made  so 
as  to  bring  those  two  methods  into  line?— I  do  not  think 
that  there  is  any  very  great  discrepancy  in  this  matter. 
I  have  in  my  hand  the  results  of  a  series  of  experiments  to 
ascertain  if  the  diffeiience  between  the  four  hours'  test  at 
the  atmospheric  temperature  and  at  the  incubation  tem- 
perature makes  appreciable  differences  in  the  results. 
Those  done  at  the  incubator  were  quickly  raised  to  78° 
Fahr.  in  c^  water  batfi,  and  then  at  once  put  into  the  in- 
cubator, and  this  shows  that,  as  a  result,,  the  amount  of 
oxygen  absorbed  in  the  four  hours'  teat  at  the  atmospheric 
temperature  on  an  average  was  0*62,  whilst  that  at  the 
temperature  of  the  incubator  at  78°  was  0*85,  so  that 
there  was  rather  more  at  the  higher  temperature  than  at 
the  lower.  All  I  should  say  with  regard  to  these 
variations  in  the  methods  which  have  been  em- 
ployed IS  this,  that  I  look  upon  the  question  in  this 
Hght,  that  many  chemists  employ  different  methods, 
more  or  less  different — chiefly  lees  different — and  that 
these  differences  of  method  do  not  affect  the  result  as  a 
whole.  That  is  to  say,  supposing  that  Mr.  Dibdin,  whom 
you  have  quoted,  has  a  sample  sent  to  h"jm  to  ascertain 
whether  that  is  a  polluting  liquid ;  and  the  same  sample  is 
sent  to  myself,  to  Mr.  Scudder,  or  to  anybody  else,  we  may 
apply  somewhere  different  methods  in  order  to  ascertain 
that  fact,  but,  as  a  rule,  our  results  wiU  sgree.'  Either  they 
will  acquit  the  liquid  as  being  a  good  one,  or  thev  will  con- 
demn it  as  being  a  polluting  liquid.  I  may  say  that,  in  ad- 
dition to  what  I  have  remanced,  these  experiments  proved 
that  the  results  obtained  at  a  higiher  temperature,  namely, 
at  75°  or  80^  Fahr.,  are  more  erratic — ^that  is  to  say,  that 
we  find  that  the  results  at  60°  are,  taking  one  sample  and 
analysing  it  several  times,  we  find  that  the  results  obtained 
at  60°  are,  as  a  rule,  more  comparable  or  give 
more  agreeing  results  than  when  you  raise  thcf 
temperature  more.  If  the  temperature  be  raised 
to  a  higher  point,  namely  to  100° — ^I  believe  that  has  been 
proposed  by  some  chemists — then  the  alteration  becomes 
so  great  that  no  reliable  results  can  be  obtained.  Might 
I  say,  in  corroboration,  or  in  continuation  of  this  subject, 
I  have  made  a  note  here  which  I  think  bears  upon  what 
you  were  asking  me.  The  question  you  have  raised  is 
whether  the  different  methods  employed  by  different 
chemists  give  the  same  result. 

3571.  Whether  we  can  standardise ;  whether  we  have 
got  any  common  ground  to  go  upon  as  regards  comparison 
of  different  sewages? — ^I  think,  on  the  whole,  that  now 
chemists  are  pretty  well  agreed.  Of  course,  you  are  well 
aware  that  Sir  Edward  Frankland  proposed  a  method 
many  years  ago, .  which  is  known  ae  Frankland's  method, 
of.determininff  what  he  calls  oiganic  nitrogen  and  organic 
carbon.  W.eS,  I  am  prepared  to  say  that  the  method 
which  he  adopted,  though  it  is  very  different  from  that 
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which  ifl  adopted  generdly  now,  is  capable  of  interpretar 

^w^A^'   ^^^^  "^*  ^^  **°^®  ^*y  »  *^*  ^  *^  "^y*  **"*  ^  y®^  adopted 

j>.a"  ii.D.  Franikland's  method,  or  adopted  the  method  which  I  have 

—       described,  yoo  still  would  airiTe  at  the  same  resultr— you 

17  Jan.  1893.  ^^  g^y  ^^j^^  this  was  a  pollutiiig  liquid,  or  you  would 

acquit  it  as  nob  being  one. 

3572.  But  in  oomparinff  results  wiUi  oxygen  absorbed, 
as  it  is  called,  from  diSerent  districts,  say  from  the 
Mersey  and  Irwell,  and  from  the  Leeds  distnct,  or  from 
Mr.  ibibdin's  filters,  the  difficulty  is  to  compare  the 
figures ;  they  do  not  express  the  same  thi^g  ^WeH,  they 
express  the  same  thing,  so  far  as  the  (question  is  merely 
to  ascertain  whether  or  not  the  liquid  is  a  poUuting  one. 
The  whole  object  that  we  have  at  the  present  moment  in 
this  inquiiy,  it  seems  to  me,  is  to  ascertain  whether  or  not 
the  liquid  is  a  polluting  one  or  not. 

3573.  It  may  not  ahow  grades  of  difference  ?—'It  may 
not  show  such  grades  of  difference  as  we  would  Hke  to ; 
but  it  shows  sii^cient  for  ihe  purpose.  I  need  scarody 
say  that  I  prefer  my  own  method,  and  that  I  think  it  is  the 
best 

3574.  (Mr.  KiUick.)  Sir  Henry  will,  perhaps,  put  in 
the  tablo,  my  Lord. 

3575.  (Professor  Bamsay,)  The  table  would  be  a  useful 
one  to  hand  in. 

Table  10  handed  in  by  witness. 

Table  10. 

Permanganate  Test,  4  hours :-— Results  of  the  Exami- 
nation of  Sewage  Effluents. 

Comparison  of  the  Results  made  at  a  temperature  of 
60*  Fahr.  with  those  made  at  78"  Fahr. 


Sanitary  Authority. 


Oxygen  Absorbed. 
Grains  per  gallon. 

60"  Fahr.  I  78°  Fahr. 


Cheadle  and  Gatley,  Sept.  1896 

Offerton 

Pendlebury       -       -        •       ■ 

Gorton 

Hindley 

Marple 

Astley  Bridge   -        -        -        - 
Northenden       .        .        -        - 

Alderley 

Ashton-on-Mersey    - 

Hale  .        .        .        •        . 

WDmslow 

Prestwich 

Ashton-in-Makerfield 
Knutaford  .        -        -        - 

Dunham  Massey 

Bury 

Prestwich  .       -        -        - 

Swinton 

Timperley         -        .        -        , 
Worsley 

Average  of  21  tests    • 

Flixton 

Manchester       -       -        -        - 

Gorton 

Swinton  tank  effluent 

„      Cinder  and  land 

Pendlebury  land 

„  Raw  sewage  - 


0*18 
0-45 
0*43 
0-39 
0-52 
0-46 
0-85 
0*68 
0-65 
0-82 
0-85 
0-82 
1-29 
0-89 
1-49 
0-90 
1-07 
1-64 
1-20 
1-23 
1-35 


0*86 

1-91 
2-29 
2-43 
2-66 
2-64 
4-20 
101 
1-23 
1-03 
7-81 


Manchester 
effluent). 


(tank 


ti 


60"  F.  1   78"  F. 
1-39    I     1-67 


1-34 
107 


1-62 
1-27 


120"  F. 
2-60 

3-34 


212"  F. 
515 

4-97 

2-87 


Frank  Scudder,  F.I.C,  F.C.S., 
for  Sir  Henry  Rosooe. 


3576.  Then  you  regard  this  as  a  means  of  detennining 
onianic  matter— this  oxygen  absorption ;  is  it  always  cer- 
tain that  the  dangerous  organic  matter  is  most  easily 
oxidised  7— I  think  so.  I  am  prepared  to  sav  that  it  is  not 
always  the  measure— that  is  you  may  hare  a  liquid 
capable  of  undergoing  putrefaction  whidhi  does  not 
show  by  this  means,  nor  indeed  does  the  test,  which  we 
now  usually  employ,  and  which  I  think  has  been  genenUy 


accepted,  that  which  is  called  the  incubator  test,  always 
show  the  same  thing. 

3577.  Would  you  mind  desciibinff  the  incubator  teet, 
Sir  Henry ;  we  are  not  aware,  I  think,  what  it  is  ?— I  will 
The  test,  whi^  is  known  as  the  iucubator  test,  and  which, 
was  first  used  in  our  laboratory  in  Manchester  6o 
long  ago,  indeed,  as  1886,  is  the  following : — ^To  pkce  a 
bottle  filled  with  the  liquid,  and  closed  air-tight;  to 
expose  that  liquid  which  is  placed  in  the  bottle  to  a  tem- 
perature of  75^  for  five  to  seven  days.  In  many  cases  a 
Hquid  thus  treated  does  not  putrefy,  because  the  microbie 
life  necessary  to  produce  putrefaction  is  either  not  present 
or  not  aotire,  and  therefore  in  all  cases  the  incubator  test 
must  be  strengthened  and  contrc^ed  by  chemical  analysis, 
namely,  the  determination  of  the  free  and  albuminoii 
ammonias,  and  the  determination  of  oxygen  absorbed  from 
perriaiiganate  of  potash,  and  then,  if  these  are  beyond  & 
certain  amount,  I  should  certainly  not  pass  the  effluent. 
And  I  think  that  I  may  shortly  say  that  the  incubator 
test  is  not  merely  a  qualitatiye  test — ^that  is  to  ^ay,  it  i^ 
not  merely  to  know  whether  the  liquid  put  into  a  bottle  in 
this  way,  and  heated  up  in  the  incubator  for  a  certain  time 
at  a  certain  given  temperature,  becomes  offensive  and 
putrefies,  but  the  amount  of  putrefaction  can  be  tested — 
that  is  to  say,  the  amount  of  the  oxygen  absorbed  before 
treatment  and  after  treatment  can  be  ascertained,  and  thu/« 
the  test  becomes  not  cnly  a  qualitative  one  for  putrescence, 
but  an  absolutely  quantitative  one  for  the  amount  of  the 
peculiar  putrescible  bodies,  and  that  is  shown  on  a  diagram 
which  I  hand  in,  giving  the  amount  which  is  found  both 
before  and  after  incubation. 

Note. — ^Diagram  handed  in  and  marked  Z.  no!u(^ 

3578.  l%en,  as  regards  the  permanganate  tests,  on  page 
302,  Noe.  3  «id  4 ;  is  there  any  relation  between  toose 
two  ?  Bo  you  find  that  if  the  one  goes  up,  the  other  also 
goes  up,  and  vice  i7er«d?— Yes,  but  tney  do  measure 
different  things. 

3579.  They  measure  different  tilings  ?— They  measure 
different  thmgs.  The  oxygen  absorbed  from  perman- 
ganate, or  what  we  call  the  tSiree  minutes'  test,  measures 
the  amount  of  putrescible  matter  capable  of  instant  oxida- 
tion. And  the  fact  is,  that  those  two  determinations  go 
hand  in  hand,  and  one  is  as  importsnt  as  the  other. 

3680.  Is  there  any  relation  between  those  and  the  albu- 
minoid ammonia  ? — ^Not  necessarily. 

3581.  Do  you  regard  the  two  permanganate  tests  as 
differentiating  two  kinds  of  idbununoid  anunonia? — ^Yea 
I  regard  the  determination  of  albuminoid  ammonia  as 
important,  as  i&owing  that  the  oxygen  test  is  not  always 
reliable.  I  have  a  curious  instance  of  that  in  the  case  of 
the  sewage  from  a  place  called  Beddish.  Ibere  it  was 
found  that  in  four  samples  the  four  hours*  test  varied 
from  1*^  to  21*22,  whilst  the  albuminoid  ammonia  vazie^ 
from  a  very  small  amount,  -021,  to  another  small  amount, 
'008.  The  question  was,  how  is  it  in  this  particular 
sewage  the  quantity  of  oxygen  absorbed  is  so  extremely 
high,  while  ^e  albuminoid  ammonia  is  so  comparatively 
low,  «Dd  wriSiin  what  we  term  our  finut?  And 
it  appeared  on  examination  tiiat  this  was  due  to  the 
presence  of  carbolic  acid  which  was  present.  And  in  the 
same  way,  I  might  refer  to  a  case  of  manufacturers*  waste 
in  Manchester,  where  the  same  thing  held  good ;  thus,  for 
example,  in  Manchester  t^e  sewage  was  analysed  the  three 
minutes'  test  in  the  years  1894,  1895,  and  1896,  and  the 
average  of  this  was  2 03  for  1894,  1*86  for  1895,  206 
for  1806— that  is  to  say,  you  may  call  it  roughly 
two,  the  average  of  the  three  years  bef<»re  the  manufac- 
turing effluent  was  put  in.  When  the  manufacturinv; 
efflucmt  was  put  in — that  is  when  the  sewers  were  con- 
nected up  with  a  number  of  manufactories,  we  found  thnc 
the  average  for  1897  and  1898  rose  up  to  twice  the  amoimt, 
namely,  4*03  and  4*29,  and  I  may  add  that  the  three 
minutes'  test  ^owed  a  stOl  greater  difference.  Well,  that 
showed  the  effect  on  the  oxygen  test  of  the  introduction 
of  manufacturing  effluents,  and  therefore  also  shows  the 
necessity  of  accompanying  the  oxygen  test  with  the  albu- 
minoid ammonia. 

3582.  But  I  have  no  doubt  you  know.  Sir  Henry,  that 
many  people  contend  that  the  albuminoid  ammonia  test 
is  ^ueless,  inasmuch  as  urea  is  not  affected  by  it,  and 
various  other  nitrogenous  compound  to  be  found  in 
sewage  ?— There  is  no  doubt  that  you  may  pick  holes  in 
all  these  methods,  but  urea  as  such  is  not  found  in 
sewage ;  it  has  been  converted  into  ammonium  carbonate. 

3683.  l%ey  are  arbitrary  methods  ? — Quite  so ;  but  they 
serve  the  purpose  we  have  in  view. 

3584.  Oomboned   chlorine  is  another  pctnt  which  is 
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mentioned  in  some  of  the  analyses  ?— Well,  I  do  not  think 
I  mention  it,  do  I  ? 

3585.  Chlorine  generally  ?— Chlorine  general  y. 

36d6.  I  should  like  to  ask  your  experience  as  regaxds 
this.  Is  it  quite  certain  that  when  chlorine  is  estimated 
— ^I  mean  to  say,  when  silver  nitraite  is  added  to  a  water, 
that  chlorine  is  estimated  ?  We  have  been  making  some 
analyses,  which  would  seem  to  show  that  chlorine  dis- 
appears ? — That  I  am  not  aware  of. 

3587.  You  cannot  throw  any  light  upon  that?— -Ko,  I 
cannot  throw  any  light  upon  that.  ^  The  quantity  of 
chlorine,  of  course,  does  increase  with  the  amount  of 
sewage  put  in,  and  decreases  when  the  sewage  is  diluted 
with  spring  or  rain  water.  It  is  more  a  measure  of  the 
domestic  sewage  than  anyiiiing  else ;  at  tihe  same  tome,  I 
do  not  attach  very  great  importance  to  it. 

3588.  I  see  vou  do  not  think  it  is  a  matter  of  importance, 
tills  estimation?— Not  of  very  gjreat  importance.  Of 
course,  t^e  effluent  from  a  filter  bed  will  contain  the  same 
quantity  of  chlorine  as  the  effluent  that  goes  on  to  it. 

3588.  That  is  the  point ;  it  does  not. — ^It  does  not ) 

3690l  No,  by  no  means ;  it  loses  a  great  deal  ?— Well, 
that  I  oxa  not  prepared  at  this  moment  to  speak  upon. 

3591.  Then,  as  regards  standards  of  purity,  on  1*8®  7 
vou  have  advocated  the  impossibility  of  fixing  standards 
for  sewage  effluents  ? — Yes. 

3592.  And  you  contradict  yourself  by  making  standards. 
I  suppose  you  regajwl  it  as  a  practical  necessity  to  have 
some  sort  of  standard?— I  do  not  propose  to  make  a 
standard  for  manufacturing  refuse,  in  die  first  place. 

3583.  But  for  domestic  sewa^  ?— For  domestic  sewage. 
I  say  that  you  must  draw  the  une  somewhere,  and  I  have 
drawn  the  line  under  certain  conditions. 

358*:  Does  not  that  practically  make  a  standard  ?— No. 
I  would  like  to  explain  to  you  why.  Whilst  fixing;  a  limit 
beyond  which  the  liquid  becomes  a  poUutine  liquid,  there 
is  no  reason  why  a  still  lower  limit  shoula  not  in  some 
cases  be  reached. 

3596.  Quite  so,  yes  ? — And  I  will  give  you  an  instance 
of  that.  TbJcc,  for  example,  the  effluents  from  Manchester, 
and  from  a  smaH  district  in  the  neighbourhood  Stretfoid ; 
in  both  cases  we  must  get  the  sewage  in  such  a  condition 
that  the  limit  is  not  passed,  but  in  the  case  of  Stretford 
we  find  that  the  effluents  examined  in  many  instances 
have  been  far  below  this  standard — ^nearly  half.  Very 
well ;  in  another  instance  we  have  found  uiat  iihe  Stretr 
ford  sewage  has  gone  up — up  to  the  limit.  To  say  to 
Stretford,  ''Ton  shall  only  come  up  to  the  limit  wihen  you 
can  do  better"  would  be  obviously  absurd.  .  To  say  to 
Manchester,  on  the  other  hand,  "You  shall  do  what 
Stretford  does,  and  you  shall  keep  down  below  the  limit 
as  Stretford  does,"  is  also  absurd,  because  Mandiester 
cannot  do  it,  and  therefore  what  I  say  is  that  although  yo|a 
must  draw  the-  line  somewhere,  it  is-  not  a  fixed  standard 
in  thait  sense  that  you  are  never  to  go  below,  and  always 
going  to  be  satisfied  with  coming  up  to  that  line. 

3586.  But  is  not  that  very  much  the  same  state  of 
matters  as  with  the  Alkali  Act,  the  turning  out  of  pol- 
luting gases  into  the  air;  they  have  variations  of  l^at 
sort  ?— No,  the  cases  are  not  parallel. 

3597.  "Where  is  the  difference  ?— In  this  case  the  sani- 
tary authorities  ought  not  to  be  satisfied  without  getting 
the  best  they  can  out  of  the  system. 

3598.  But  is  not  tiiat  the  case  with  the  alkali  inspector, 
too  ?— 1  am  not  sure,  because  if  ihey  are  below  the  limit  it 
is  all  very  well ;  but  they  are  not  bound  to  go  as  low  as 
they  possibly  can  work.  It  may  be  desirable ;  they  may 
do  it  for  the  purpose,  but  I  say  we  will  not  have  any 


standaids  at  all  except  this  limit,  because  our  object  is  to        sir 
use  "the  best  practicable  means,"  and  if  Stretford  can  do  ^J^^^ 
better  than  the  limit,  then  it  ought  to  be  made  to  do  so.  d.c.l.,*ll.d. 
With  regard  to  that  I  would  like  to  draw  attention  to  a       — - 
leaflet  which  was  circulated  and  signed  by  Mr.  KiUick,  ^^jm.iw. 
the  Chairman  of  the  Consulting  Sub-Committee  of  the 
Mersey  and  Irwell  Watershed  Committee.    I  wpl  only 
read  one  paragraph  with  regard  to  these  limits  of  impurity, 
and  it  is  as  foUows :  — ''  These  limits  of  impurity  are  based 
upon  experimental  evidence,  proving  an  effluent  below  or 
up  to  them  would  not  putrefy  when  discharged  into  small 
streams,  or  into  sluggish  waters,  such  as  the  Manchester 
Ship  Canal,  but  above  them  putrefaction  would  arise,  and 
it  may  be  observed  that  at  all  sewage  works  in  the  water- 
shed where  only  chemical  treatment  is  adopted  the  effluent 
is  almost  invariably  above,  and,  on  the  other  hand,  where 
sewage  works  adopt  filtration  the  effluent  is  below  those 
limits.'' 

3599.  So  that  your  proposition,  so  far  as  I  understand 
it,  is  to  lay  down  a  broad  limit  above  which  the  impurities 
shall  not  reach,  but  at  the  same  time  to  take 
every  means  in  your  power  to  induce  the  towns 
to  go  as  low  as  they  can  in  the  way  of  im- 
puri^? — ^Yes,  that  is  so.  For  instance,  I  find  that 
on  one  occasion — I  refer  to  Table  3  on  page  305  of  my 
precis — ^I  take  the  case  of  Wilmslow.  There  on  one  par- 
ticular occasion  the  four  hours'  test  showed  an  amount  of 
oxygen  absorbed  of  1*23,  but  on  previous  occasions  I  find 
that  the  quantity  of  oxygen  absorbed  is  in  some  instances  ■ 
only  one-tenth  of  that  amount,  and  that  the  average  of  a 
large  number  of  instances  is  very  much  leas — ^half  of  the 
amount  found  on  that  previous  occasion.  Hence,  then,  I 
say,  ''  You  at  Wilmslow  can  evidently,  if  you  take  pains, 
do  very  well,  and  it  is  not  sufficient  for  you,  and  It  is  nob 
enough  to  ask  you  simply  to  keep  to  the  limit,  but  to  do 
the  best  you  can,"  and  many  of  these  authorities  admit 
that,  and  are  willing  to  work  much  below  the  standard  or 
limit. 

3600.  {Mr,  Killick,)  In  other  words.  Sir  Henry,  while 
you  have  these  standards  or  limits  of  impuritv.  you  w'sh 
the  authorities  to  carry  out  the  words  of  the  Act ;  that  is, 
that  they  shall  use  ''the  best  practicable  and  available 
means"? — ^That  is  exactly  what  I  wish. 

3601.  (Professor  Bamsay.)  There  are  only  a  few  ques- 
tions as  regards  methods.  Sir  Henry,  which  I  should  like 
to  ask  you  about.  The  analyses  relate  to  pure  sewajre.  7 
suppose  ?— Tes. 

3602.  To  filtered  sewage?— The  analyses? 

3603.  I  mean  in  making  the  analyses  the  sewage  or  the 
effluent  is  filtered  before  it  is  analysed,  is  it  not  ?--Oh,  no, 
certainly  not. 

3604.  It  is  analysed  on  the  crude  ?— B  is  analysed  as  it 
is  sent  in. 

3605.  As  it  is  sent  in  ?— As  it  is  sent  in ;  that  is  to  say, 
when  there  is  a  deposit  the  deposit  is  analysed  with  the 
clear  liquid. 

3606.  With  the  clear  liquid ;  that  is  what  I  wanted  to  be 
sure  about  ? — That  is  very  important,  because  in  a  great 
number  of  cases  the  more  deleterious  i)orti<»i  and  the  more 
putrescent  and  putrescible  portions  of  the  sewage  are 
found  not  in  the  liquid,  but  in  the  suspended  solids* 

3607.  I  noticed  that  the  total  nitrogen  is  not  estimated 
in  any  of  your  analyses,  I  think  ?— I  lutve  a  great  number 
of  experiments  on  this  point ;  I  do  not  know  whether  it 
is  worth  while  to  go  into  the  detail  of  it,  but  if  you  desire 
to  do  it  I  could  show  you  a  number  of  analyses  giving 
the  difference  between  the  amount  of  ammonia  found 
in  the  clear  liquid  and  in  that  whidi  is  shaken  up,  and 
to  compare  the  quanti^  as  found  b^  tibe  amnuHtia  process 
of  Wanklyn  with  that  determining  the  organic  nitrogen  by 
Kjeldahl.  I  have  h  great  nunu>6r  of  analyses  of  this 
kind,  which  I  now  put  in.     ^Analyses  put  in.) 
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EXPERIMENTS  CONDUCTED  WITH  A  SAMPLE  OF  SEWAGE  EFFLUENT  FROM  MANCHESTER 

SEWAGE  WORKS. 

A  nmnber  of  Bottles  filled  to  the  stopper  with  Sewage  Effluents  were  pat  into  the  Incubator  for  following  Tests  :— 
(1.)  Shake  up  well  one  bottle  and  analyse. 
(2.)  Analyse  clear  liquid,  only  without  disturbing  sediment,  in  separate  bottle  from  No.  I. 


SUMMARY  OF  ANALYSES. 
Table  K.,  No.  11. 


AMMONIA. 

Oroanio 

OXYGEN  Absorbed 

1 

i 

m 

Date  taken 

NrrROOEN. 
(Ejeldahl 

t 

•s^ 

from 

Clear. 

Shaken. 

process). 

3  minutes  test. 

Clear  4  hours. 

Shaken  4  hours. 

• 

«3 

II 

Incubator. 

Free. 

Alb. 

Free. 

Alb. 

Clear. 

Shaken. 

Clear. 

Shaken. 

Atmos. 

Incub. 

Atmos. 

Incub. 

lis 

^2S 

§ 

Nitr 
Nitr 

Ori«riiial        \ 
18  Oct.  1896/ 

— 

1-55 

0-18 

0-780 

— 

0-40 

— 

— 

• 

1-97 

2-92 

1-22 

10-9 

0-147 

Broim  colooRd, 
slightly  turWd, 
smell  of  sewage, 
nitrites  present. 

10  Oct.  1890  • 

1-96 

0-117 

1-85 

0-198 

0-181 

0-840 

0-81 

0-47 

1-44 

2-46 

1-70 

2-01 

0-00 

"" 

0-016 

Brown  snifsce  fas* 
gUB,  brown  aedi* 
ment,  no  smell. 

Brown  surface  (nn- 

19  Oct.  1896  - 

2-08 

0-069 

1*09 

0-159 

0-167 

0-401 

0-88 

0-46 

0-84 

1-12 

1-48 

185 

0-00 

__ 

0-000 

gns,  black  sedi- 

ment, liquid  dark 

• 

tinged,  bint 
smelL 

21  Oct.  1896  • 

2-02 

0-070 

2-18 

0-226 

0-172 

0-SS8 

0-61 

0-78 

1-17 

1-39 

1-84 

2-28 

Black  surface  fm. 
gus,  black  sedi- 
ment, llqokidstfc 
coloured,  patru- 
cent  smeU. 

23  Oct.  1896  - 

1*86 

0-067 

1-63 

0*184 

0*275 

0-413 

0-68 

0-66 

1-41 

1-68 

1-64 

1-89 

Black  surface  fan- 
gus,  black  Midi- 
ment,  liquid  dark 
coloured,  putreft- 
cent  Rtnell. 

26  Oct.  1896  . 

1-92 

0-070 

211 

0-154 

0-188 

0-505 

0-66 

0-94 

1-18 

1-88 

1-90 

2-27 

Surface  fungus  lisd 
fallen  to  foot, 
black  sedinKDt, 
llouid  dark 
colound,  patiei- 
cent  smeU,  E,S 

* 

present. 

MiCBOSCOPICAL  EXAMINATION  OF  DEPOSITS,  &C. 

18  Oct.  1896.— No  life  yisible  under  \  "  objeetlve. 

16  Oct.  1806.— A  few  forms  like  bunches  of  grapes  rolling  about,  the  sediment  had  developed  a  mould  with  long  filaments. 

16  Oct.  1896.— A  few  forms  noticed  amongst  mould  at  foot.\  Surface  fungus  had  developed  zooglia  and  rotifers  including  one  or  two  bell  animalculse. 

19  Oct.  1806.— Oreat  quantities  of  infusoria  and  rotifer  a,  <&c.,  present  and  long  ribbons  of  xoogUa  on  surface.    Sediment  had  only  a  few  forms,  but  a  quantitf  of 

mould. 
21  Oct.  1896.— Life  not  so  plentiful  as  formerly,  and  in  sediment  only  one  or  lower  forms  were  seen.    Spores  were  plentiful  however. 
28  Oct.  1806.— No  life  was  visible,  dead  forms  and  spores  were  seen,  and  strings  of  zooglia  were  plentiful  on  surface. 
26  Oct.  1896.— No  life  was  visible. 

FRANK  SCUDDEK,  F.I.C.,  F.C.S. 


Table  L.,  No.  12. 


• 

AMMONIA. 

OROANIO 

•    - 

OXTGEN  ABSORBED  TEST. 

Seeidue  of 

TtafA  i-.&1r«n 

Nitrogen 
(Ejeldahl 
Process). 

a 

t. 

2S 

» 

rates  and 
rites. 

Liquid 
after  1  Day. 

Oxygen 
abs.  4  Hours. 

Clear. 

Shaken. 

3  Mini 

1.  Test. 

4  Hours  Clear. 

4  Hours  shaken. 

Incubator. 

Free. 

Alb. 

Free. 

Alb. 

Clear. 

Shaken. 

Clear. 

Shaken. 

Atmos. 

Incub. 

Atmos. 

Incub. 

e 

Si3 

125  Jz; 

Clear. 

Shaken. 

Original,      \ 
SO  Oct.  1806/ 

■ 

— 

1-82 

0-187 

0-589 

0-689 

-- 

0-47 

.  — 

— 

2-06 

2-61 

0* 

ISO 

0-270 

— 

— 

Nesriy  free  from 
suspended  mat- 
ter,sllghtlybrovs 
and  turbid. 

23  Oct.  1896  - 

1'50 

0-095 

1-46 

0-129 

0-321 

0-296 

43-47 

0-50 

1*61 

1-72 

1-78 

1-94 

— 

— • 

0-013 

-— 

— 

Clear,  coloorleff, 
brown  sedlmeott 

• 

♦ 

. 

brown  snifaoe 
fungus,  no  smell 

26  Oct.  1896  - 

1-52 

0-070 

1-44 

0-087 

0-202 

0-248 

.0-44 

0-61 

1-06 

1-86 

1-84 

1-61 

... 

— 

0-000 

— 

— 

Clear,    oolourlesB, 

1 

• 

dark  sediment, 
brown  snrfsce 
fungus,  nosndL 

2^0ct.  1896- 

l*fil 

0-088 

1-46 

0-140 

0-275 

0-464 

0-87 

0-47 

0*90 

1-11 

1-26 

1-49 

0-66 

0-87 

Clear,  coloorlesi, 
dark  sediment, 
brown  surface 
fungus,  no  smell. 

30Oct.l896- 

1«47 

0*022 

1-69 

0-098 

0-163 

0-321 

0-40 

0-50 

0-89 

1*10 

1-36 

V53 

— 

— 

^— 

0-69 

0*77 

Faint,  dark  tinge, 
blsck    sediment, 

surface  fusgu 
turning  Usck, 
faint  smell,  bot 
not  putrid. 

2  Nov.  1896  - 

1-74 

0*019 

1-55 

0-114 

0-184 

0*481 

0-22 

0-58 

0-57 

0-71 

1*88 

1-59 

Fahit,  dark  tinge, 
black  sediment, 
peyiah,  black 
fungus  BOrface, 
faint  smell. 

MICROSCOPICAL  Examination  of  Samples. 

M  Oct."  i806.^edlment  had  only  a  fe^  forms  of  life,  surface  fungus  had  rotifera  and  other  aninaalculso  in  plenty,  and  string  of  aooglla.  ,  ..^  ^ 

26  Oct.  iSe! -Sediment  had  onlv  a  few  forms  of  life,  surface  fungus  had  rotifera  and  other  animalculaj  in  plenty,  and  strings  of  zooglia  and  fungus  consisting  « 

long  hair-like  forms.  ,         ^^      ^,      ^^i.^  *x„*._«    _iw«i 

88  Oct  1896.— Sediment  almost  barren,  surfac  fungus  had  fewer  forms  than  before  but  abundance  of  bacteria  vibrlone. 
SO  Oct.'  1806.— Sediment  barren,  surface  fungus  had  only  a  few  infusoria,  but  strings  of  zooglia  were  in  abundance. 
2  Nov.  1896.— Sediment  barren,  surface  fungus  had  only  one  or  two  forms  of  life,  but  strings  of  zooglia  were  in  abundance.' 

F&ANK  SCtrDDEE,'F.T  C,  F.C.8. 


MINUTES  OF  EVmENCB. 


215 


ExPKBlMifiNTS  oonducted  with  a  Sample  of  Sewa^  Effluent  from  Manchester  Sewage  Works — continued. 


Summary  of  Analyses — continued. 
Table  13. 


3ir 
li.  JHoiooe, 

F.R.a, 

D.C.L.,  LL.D. 

17  Jan.  1809. 


Date  taken 
iDCsbator. 


eriginal, 
lOOeLlSM 


} 


SXOT.1800 


4  Nov.  1806 


«N0T.18g6 


•  NofT.IBOO 


UXOV.IB08- 


AMMOHIA. 


Clear. 


Alb. 


BhskeiL 


Free.    Alb. 


— 

— 

1-48 

l-W 

0-0S6 

1-68 

1^ 

o-tm 

1-78 

1*4S 

(HXO 

1*88 

1-«1 

0-068 

1-67 

i-oo 

0-070 

1-74 

0-117 


0-076 


0-119 


0-144 


0*100 


0-140 


Oboahio 

KiTBOaiH 

(kjelcbhl 
rnc«m). 


OXTQUi  Absobbb)  Tsn. 


SMIniLTert. 


Clear. 


Hha^kon 


Clear. 


Shaken. 


4  Hoon  Clear. 


AtmoB. 


Incab. 


4  Hoar*  Shaken. 


Atmoe. 


Incab. 


1 
II 


Reddneof 
Llqnid 

after  1  Day. 
Oxysen 
ie.4fioiu«. 


Clear. 


— 

0*867 

— 

0-48 

— 

0-80 

0*870 

0-29 

0*88 

0-80 

0-81 

0-480 

0-44 

0*46 

0*80 

o-us 

0-812 

0*46 

0-60 

0-66 

0-188 

0-865 

0-88 

0-87 

0-70 

0-171 

0-879 

0-88 

0-46 

0-72 

9-06 


1-11 


0*97 


0-84 


0-88 


TOO 


0-OS 


1-06 


1*06 


0-91 


1-18 


1*82 


1-82 


114 


1*18 


0-00 


16-8 


0-067 


0-00 


0-66 


Shaken. 


0*78 


Sample  fairly  dear, 
▼ery  little  sua> 
ponded  matter, 
neutral,  tarry 
imell. 

Brown  Mdiment, 
brown  lorface 
fangoLolear  and 
coloariew,  no 
imelL 

Blacklfh  Mdlment, 
brown  inr&oe 
f  ongn^  olear  and 
ooloaruM,  no 
smell. 

Blacky  Mdiment, 
brown,  lortece 
fungoi,  aljgfatly 
tinged  Uqnld, 
slight  smell. 

Black  sediment^ 
brown  sorfaoe 
f nngOB  jnst  torn- 
ing  bUok,  slight 
smelL 

Black  sediment, 
brown  snrfaee 
fongos  JQsttnm- 
ing  black.  sU|^t 
smell  of  a^S. 


SOOot.  1896.- 
2  Not.  1806.- 
4  Not.  1896.- 
6  Not.  1896.- 
9  Not.  1896.- 

U  Not.  1606.- 


-NolifeTUtble. 
-The  surface  fungus 
-The  surface  fungus 
-The  surface  fungus 
-The  surface  fungus 
-The  surface  fungus 


Microscopical  Examination  of  ths  ISamplbs. 

was  swarming  with  life  infusoria,  vibrione,  and  bacteria,  ftc.    The  sediment  had  only  a  few  forms, 
was  swarming  with  life  infusoria,  Tibrione,  and  bacteria,  Ac.    The  sediment  had  only  a  few  forms, 
had  great  quantities  of  hair-like  lUaments,  also  infusoria  zooglia,  <tc.    The  sediment  had  no  forms, 
was  one  mass  of  hair-like  fllamenta,  with  a  few  infusoria  zooglia.    The  sediment  had  no  forms, 
was  one  mass  of  hair-like  filaments,  with  hardly  a  liTing  form.    The  sediment  had  no  forms. 


FRANK  8CUDDXR,  F.I.C.,  F.as. 


3606.  There  is  only  one  other  queetion  I  think  I  wish 
to  ask.  Hiae  any  attempt  been  made  to  differentiate  be- 
tween different  kmds  oi  oiganic  oompounds,  except  by 
means  of  tSie  different  times  of  oxidation  witti  per- 
manganate, and  the  differences  of  albcuninoid  ammonia 
and  free  ammonia — no  oi&er  method  ?— -I  hare  a  series  of 
experiments  giving  the  effect  of  the  same  test^  not  merely 
three  minutes  and  four  hours,  but  intennediate  times,  iiie 
object  being,  of  course,  to  show  the  variation  in  the 
material  capable  of  undergoing  potresoencei  The  three 
minute  test  shows  the  putnd  matter  decomposing  perman- 
ganaite  with  acid  at  once,  then  the  twelve  minutes  test 
shows  the  maitter  readily  putrefying  and  readily  deoooft- 
posing  permanganate  wkh  acid,  and  the  225  minutee  or 
the  four  hXmn  test  showing  the  matter  capable  of  putre- 
fying although  slow  to  decompose ;  but  iihere  is  no  other 
method  that  I  know  of  that  has  been  proposed  for  further 
differentiating  the  quality  of  organic  matter. 

Table  14. 


Salford  Sewage  Effluents. 

Quality  of  Organic  Matter  as  measured  by  Permanganate 

of  Potash. 


Oxygen  absorbed 

Percentage 

Calculated 


18M. 

April  10 
13 
16 
19 
23 
25 
22 
23 
24 
25 
Sept.  10 
Oct.     2 


from  Permanganate  of  Potash. 
Absorption  of  Oxygen, 
from  analytical  results. 

Smins.  +  12  mins.  +  226mins.  «  4  hoars. 


May 


»> 


The  following  Table  differentiates  the  quality  of  the  Organic 
Matter  as  estimated  by  the  Permanganate  Test : — 

Salford  Sewage  Effluents. 

<}aality  of  Organic  Matter  as  measured  by  Permanganate 

of  Potash. 


}} 


}i 


»» 


» 


Nov. 


Oxygen  absorbed 

18M. 

April  10 

13 

16 

19 

23 

25 
May  22 

23 

24 

25 

10 
2 

la— 10.0  a.m. 

12— 11.0  a.m. 

15 

23 

31 
7 

16 

22 

30 

11 


from  Permanganate  of 
8  mins.  +  12  mins.  + 


Potash— after 


99 


99 
99 


»» 


I) 


»» 


1» 


» 


f» 


Sept. 
Oct 


»♦ 


»» 


» 


Nov. 


99 


99 


11 

Dec. 


0-87 

113 

0-64 

0-66 

0-43 

0-56 

0-69 

1-07 

1-38 

1-42 

1-23 

1-07 

201 

1-81 

214 

0*63 

0-87 

0-49 

1-45 

2D 

0-88 

1-67 


+ 

+ 
+ 

+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


1-07 

1-07 

0-81 

0-96 

0-62 

0-65 

0-61 

0-59 

0-65 

0-54 

0-58 

0-75 

0-57 

0-58 

0-62 

0-50 

0-32 

0-65 

0-57 

0-48 

0-5 

0-7 


+ 

+ 
+ 

+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

+ 
+ 
+ 

+ 


225  mins.' 

'31  : 

•62  : 

•42  : 

•50  : 

•17  : 

•24  : 

•24  : 

•35  : 

•63  : 

*38  : 

■28  : 

•83  : 

•30  : 

•27  : 

•37  -- 

•54  : 

•40  : 

•53  : 

•49  : 

•41  : 

•1  : 

•67  : 


4honis. 
:  3-25 
:  3-72 

:  2^87 

:    3  12 
:    212 

:  245 
2-44 

:    3^01 

3-65 
3-34 

:    309 

365 

3-8<< 

3  66 

413 

:  2-67 

:  2-09 

:  2-67 

:  3-51 

:  3-89 

:  2-48 

:    404 


Dec. 


12—10.0  a.m. 
li^— 11.0  a.m. 
15 
23 
31 
7 
16 
22 
30 
11 


32-9 

28-8 

28-2 

30  8 

245 

26-5 

2011 

19^1 

17-55 

1618 


26-8  -f 
30-4  + 
22-3  + 
21  1  + 
203  + 
22-9  + 
28^27  + 
35-64  + 
37-80+ 
42-51  + 
39-80+  18-78 
29-31+  2066 
6180+  14-7 
49-45+  15-85 
61-81+  1602 
23-60+  18-73 
17-70+  15-3 
18-35+  24-35 
41-31+  16-24 
51-41+  12-35 
44-35+  2017 
41-33+   17-34 

22  tests. 


+ 

+ 
+ 
+ 
+ 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 


40-3 

40-8 

49*5 

48-1 

55-2 

50-5 

50-82 

44*85 

44*65 

41-31 

41-42 

50*13 

33-50 

34  70 

33-17 

57*67 

67-00 

57-30 

42-45 

36-24 

35-48 

4133 


=  100 

^    9$ 

^^    >l 
^^    » 

~  it 


)> 


If 


i> 


M 
}» 
91 
9$ 

11 

*» 
M 
f» 
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3600.  Would  you  regard  it  as  a  good  test,  generally 
applicable  to  sewage,  if  it  could  be  made  easy  to  find  out 
whether  it  is  capable  of  putrefaction.  Would  you  r^gazd 
a  sewage  as  good  which  had  been  proved  not  to  putrefy 
f  urtiier  ?— How  proved ;  by  what  test  ? 

3610.  By  seeding  it  with  organisms  ? — By  the  incubator 
test 

3611.  Something  of  the  kind  7— No,  I  do  not  think  it  is 
sufficient.  I  do  not  think  the  incubator  test  alone  is  a 
sufficient  proof  of  the  deleterious  quality.  I  think  it  is 
necessary  to  have  some  corroborative  test  as  weU. 

3612.  If  organisms  were  added  to  the  incubator,  would 
it  not  be  possible  ? — There  might  be  cases  where  it  would 
rot  even  then  do  it  There  may  be  substances  present  in 
the  sewage  which  might  stop  the  action  of  the  or^anismcc — 
csirbolio  add,  and  so  forth,   and  yet  the  liquid   might 
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Sir        be  a  putrefying  lilquid,  or,  at  any  rate,  might  be  a  dele- 
^'w^T^'  terious  liquid — a  polluting  liquid. 

D.aL.,  LL.D.      3613.  But  I  suppose,  generally  speaking,  if  the  effluent 

17  Jan~i80Q.  ^'^  ^^  undei^o  any  further  change,  it  may  be  iregarded 

— '—    '  as  good  ?— Well,  I  do  not  know,  I  ^jr  sure,  in  iiiiat  way  it 

may  be  regarded  as  not  undergoing  further  change:  If  you 

"  could  prove  thait  in  all  conditions  and  mixed  with  all  sorts 

of  other  liquids,  it  would  not  undergo  any  further  change^ 

it  might  be  so  ;  but  I  think  it  is  a  doubtful  case — at  any 

rate,  I  have  not  been  able  to  do  anything  of  the  kind. 

3614:  (Professor  Foster.)  In  answer.  Sir  Henry,  to  a 
question  put  by  Professor  Ramsay  you  admitted  that  the 
so-called  albuminoid  ammonia  test  was  not  wholly  trust- 
worthy ? — ^I  admitted  that  in  some  cases  other  corrobora- 
tive tests  must  be  employed, 

3615-16.  That   there   are    subsjbances    nitrogenous    in 

.  nature,  and  even  using  the  word  very  broadly,  aJbuminoid 

in  nature,  which  did  not  respond  to  that  test  ?-^That  is  so. 

3617.  And  the  presence  of  them  in  the  filtrate  would 
escape  notice? — By  that  test. 

3618.  And  you  also  admitted  that  your  oxygen. test 
was  not  in  all  cases  reliable? — ^It  was  based  on  the  view 
that  the  ozyg^i  was  absorbed  by  the  oxidisable  organic 
matter,  but  there  might  be  substances  greedy  of 
oxygen  which  made  their  appearance  f^m  time 
to  time,  so  that  neither  of  your  tests  are  reliable? 
— ^Tho  tests  do  not  intend  and  do  not  pretend  to  be 
absolutely  scientific  tests.  They  are  tests  of  a  practical 
character,  and  I  think  that  in  999  cases  out  of  1,000, 
bearing  in  mind  that  we  have'  to  deal  simply  with 
sewage  effluents,  I  think  we  might  say  that  in  999  cases 
out  of  1,000  th^  method  of  analysis  that  I  have  pro- 
posed, and  that  which  is  in  vogue,  does  give  sufficiently 
accurate  results.  It  does  not  pretend  to  be  an  abso- 
lutely scientific  method. 

3619.  You  say  999  cases  out  of  1,000;  that  is  not 
based  on  statistical  evidence,  but  it  is  a  pious  opinion  ? — 
It  is  an  opinion  which  I  certainly  entertain  upon  the 
results  of  my  examination  of  sewage  effluents. 

3620.  Suppose  there  were  ready  practical  methods  of 
determining  in  the  effluent  the  presence  definitely  of 
albuminoid,  and  which  could  be  applied  only  to  sub- 
stances of  an  albuminoid  nature,  you  would  be  willing 
to  admit  that  was  a  better  test  than  the  present  albu- 
minoid ammonia  test,  which  is  a  superficial  one,  so  to 
speak  ? — Of  course,  one  must  know  what  the  new  method 
is.  The  resources  of  civilisation  are  not  yet  exhausted, 
and  I  do  not  suppose  that  the  methods  that  we  have 
at  present  are  going  to  remain  for  ^1  time  as  the  best ; 
and  it  may  be,  as  you  say,  that  to-morrow  some  method 
may  be  proposed  which  is  better,  asid  therefore  if 
such  methods  are  proposed  and  prove  themselves  tc  be 
more  efficient,  why,  of  couiee,  they  would  be  adopted. 
All  I  say  is  I  do  not  know  any  method  at  present. 

3621.  But  would  you  admit  that' it  is*  a  desideratum? 
— ^I  think,  as  I  have  said,  that  the  methods  that  we  do 
adopt,  give  us  a  sufficiently  sastakactory  result  to  be  relied 
upon.  Whedier  any  further  method  might  be  better 
remains  in  the  bosom  of  futuriity.  I  should  be  glad  to  see 
a  better  method  proposed,  of  couise. 

3622.  We  had  before  us  a  statement  by  Dr.  Adeney, 
of  Dublin,  in  his  evidence,  that  he  had  reason  to  believe 
that  part  of  the  organic  matter  in  sewage  eould  a8sum€ 
a  condition  in  which  it  was  no  longer  putrescible,  by 
which  I  suppose  he  meant  that  discharged,  for  instance, 
into  a  river,  it  would  not  decompose  either  spontaneously 
or  would  not  be  thrown  into  a  state  of  putrefaction  by 
any  organisms  which  might  be  present  in  that  river.  I 
understood  you  to  say,  in  reply  to  Professor  Ramsay, 
tliat  you  do  not  believe  that  organic  matter  does  fall 
into  that  condition — the  oiganic  matter  present  in 
sewage  ?■— Well,  I  do  not  know  that  I  c^m  contradict  the 
statements  that  Dr.  Adeney  has  made.  At  the  same 
time  I  do  not  profess  to  father  them  or  to  adopt  them. 

3623.  But  it  is  rather  an  important  point,  is  it  not, 
wh^her  the  organic  maifcter  in  sewage  can  exist  in  the 
condition  in  which  it  is  no  longer  susceptible  to  putre- 
faction under  such  conditions  as  it  is  likely  to  meet 
with  ?— Ko  doubt  it  is  an  important  question,  but  what 
we  have  to  determine  are  not  the  innocuous  constituents 
(if  l^ey  exist),  but  the  noxious  ones. 

3624.  He  asserts  that  a  certain  quantity  of  the 
organic  matter  in  sewage  is  in  the  natural  process  of 
evente  brought  to  that  condition,  and  that  that  matter 
may  be  discharged  into  the  streams  without  danger  ?— 
If  that  can  be  done,  if  the  organic  matter  can  be  brought 
into  a  condition  in  which  it  does  not  putrefy,  no  doUbt 


the  question  assumes  a  different  aspect ;  but  I  have  not 
myself  any  evidence  to  show  that. 

3625.  \ou  yourself  have  no  experience  of  that?->No. 
Besides,  I  might  point  out  that  no  process  of  purification 
can  get  rid  of  the  whole  of  the  organic  matter,  and  that 
below  the  limits  which  I  have  alluded  to  there  is  always 
in  the  effluent  certain  organic  matter,  and  that 
oiganic  matter  is  probably  the  kind — maybe  ihe  kind  to 
which  you  refer. 

3626.  You  say  that  no  porocesSu  can  get  rid  of — ^what 
do  you  exactly  mean  by  get  rid  of  ? — the  organic  matter  ?— 
Well,  I  mean  oxidise.  By  the  processes  of  pupification 
which  have  hithertp  been  adopted,  whether  with  chemi- 
cal precipitation  or  of  filtration,  there  is  always  a  cer* 
tain  amount  of  organic  matter  left  behind,  and  the 
object  that  I  think  most  of  those  who  have  investigated 
this  matter  have  had  in  view,  is  to  ascertain  the  quantity 
of  impurity,  and  to  get  rid  of  that  quantity— of  the  kind 
of  impurity  which  produces  putrefaction.  If  Inhere  are 
other  kinds  of  impurity,  organic  matter  or  otherwise, 
which  do  not  produce  putrefaction,  those  I  have  not  • 
considered. 

3627.  Yes,  but  that  is  Dr.  Adeney's  pointy  th|it  of  the 
various  oiganic  nuutters  in  sewage  ;  some  are  or  come  to 
a  condition  that  they  are  no  longer  susceptible  of 
putrefaction  under  usual  conditions? — ^Well,  then,  of 
course,  if  that  be  so — and  I  am  not  prepared  to  eay 
whether  it  is  so  or  not,  except  that  I  think  it  very  pos-  • 
sible — then  those  impurities  can  be  dischai^ed,  I  pre- 
sume, into  rivers,  the  water  of  whic^  is  not  used  for 
potable  purposes ;  but  the  object  is  to  ascertain  not  ^e 
quantity  of  such  constituents,  not  the  quantity  of  those 
constituents— organic  constituents—^which  will  not 
putrefy,  but  the  quantity  of  those  which  d(>  putrefy,  and 
that  I  undertake  to  show  we  do  estimate. 

3628.  But  the  albuminoid  ammonia  process  I  suppose 
wculd  .'ipply  equally  well  or  equally  imperfectly  to  the 
matters  which  do  putrefy  and  the  matters  which  do  noD 
putrefy? — ^Well,  that  remains  to  be  seen,  what  those 
materials  are.  There  are  certain  impurities  which  do 
not  yield  to  the  treatment  for  albuminoid  cunmonia  of 
course.  For  instance,  take  the  question  of  soap  solu- 
tion ;  we  find  that  we  take  a  solution  of  soap,  and  if  we 
analyse  that  as  if  it  were  a  sewage  effluent,  we  find  that 
whilst  the  albuminoid  ammonia  remains  low,  and  does 
not  indicate  impurity,  the  four  hours'  permanganate 
test  does  indicate  impurity.  Thus  the  limit  would  not 
be  passed  in  the  determination  of  albuminoid  ammonia, 
whereas  the  limit  would  be  passed  by  the  oxygen  ab- 
sorbed tesk.  It  shows  that  there  are  cases  in  which  the 
one  cannot  be  trusted,  and  other  caoes  in  whkdi  the 
second  test  cannot  be  trusted.  If  both  were  taken 
together  I  think  you  would  obtain  tmstwoTthy  results. 
The  albuminoid  ammonia  is  derived  from  the  mtrogen  of 
the  organic  matter,  and  the  peimanganate  attacks  the 
carbon  of  the  organic  matter. 

3629.  In  your  memorandum  you  spoke  of  sewage  as 
being  complex  and  variable  in  character  ?— Would  you 
kindly  give  me  the  reference  to  that. 

3630.  Page  301  ?— Yes. 

3631.  And  you  state,  I  think,  further  on  that  no 
dependence  can  be  made  in  consequenoe  upon  the  ratio 
of  the  carbon  to  the  nitrogen? — ^Yes. 

3632.  Have  you  any  knowledge  of  what  are  the  sub- 
stances present  in  sewage  ?-— No,  not  beyond  the  extent 
that  I  refer  to  some  of  the  orgamsms. 

3633.  No,  I  mean  as  to  what  is  the  condition  of  the 
nitrogenous  matter? — ^No,  I  do  not  know. 

,  3634.  And,  for  instance,  what  is  the  condition  of  a 
great  deal  of  the  carbon  that  does  not  belong  to  the 
nitrogenous  matters  ? — "So,  1  do  not  know. 

3636.  You  have  no  knowledge  of  tliat  at  all  ?-— No  know- 
ledge. 

3636.  It  has  been  put  before  us  by  one  or  two  wit- 
nesses, that  in  a  very  broad  way  the  results  of  the  change 
in  sewage  under  the  various  modes  of  treatment  might  be 
defined  as  consisting  of  two  stages,  oTne  in  which  the  nitro- 
genous matters  are  brought  to  a  condition  of  ammonia,  and 
the  carbon  only  together  with  the  carbon  in  other  matters 
set  free  as  carbon  dioxide,  and  a  'second  test  in  which 
that  ammonia  is  converted  into  nitrates  ?— Yes. 

3637.  Do  you  agree  with  that  as  a  general  statement— a 
broad  statement  of  the  change©  going  on  ?— Yes.  I  do  not 
know  that  I  should  be  inclined  to  give  that  definiticm  in  all 
cases,  because  I  have  shown  that  in  some  instances  nilaraies 
are  formed  and  in  other  instances  they  are  not. 

3638.  Then  in  what  condition  is  t>  e  nitrogen  dischaigecl 
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in  those  caaes  ?— Well,  I  presume  it  may  be  reduced  evea 
to  the  condition  of  nitrogen  itself ;  at  any  rate,  we  do  not 
always  find  it  as  nitrates. 

3630.  That  would  appear  as  a  loss  of  nitrogen,  would  it 
not?  I  mean  merely  it  may  be,  but  do  you  expect  that 
that  can  take  place  on  a  large  scale  ?— Well,  I  cannot  say  ; 
but  I  do  say  this,  that  the  nitrogen  is  not  as  a  rule  oxi- 
dised into  nitric  acid,  for  in  nine  cases  out  of  ten  you  may 
find  no  nitric  acid  in  the  effluent^f  rom  the  filter  bed— and 
you  may  find,  indeed,  that  the  effluent  from  the  tanks 
will  contain  nitrates,  while  the  eflluent  from  the  filter  beds 
did  not  contain  Any  nitrates.  Thus,  for  example,  I  find 
in  reference  to  this  matter  that  in  a  report  which  I  sent  into 
the  Manchester  Corporation  in  1896,  on  page  308,  I  show 
that  the  quantity  of  nitrogen  contained  as  nitrates  and 
nitritee  in  the  tank  effluent  was  -109,  in  the  cinder 
effluent  after  the  filtration  it  was  -061,  and  in  the  coke 
filter  after  filtration  it  was  -069,  so  that  the  quantity  was 
reduced  actually  by  the  process  of  filtration  ;  the  nitrates 
were  reduced  from  the  quantity  that  was  found  m  the  tank 
effluent  to  half  nearly,  and  the  year  afterwards,  that  is  to 
aay,  in  1897,  we  found  that  the  quantity  of  nitrogen  as 
nitrates  and  nitrites  increased  in  the  one  mter  Mid 
diminished  in  the  other.  So  that  what  I  say  is  this,  that 
although  it  is  generally  said  that  in  the  oxidising  action 
nitiat^  are  formed,  I  often  do  not  find  them,  if  you  look 
for  them  they  are  not  there— and  sometimes  the  quantrty 
is  absolutely  less  in  the  filtered  effluent  than  it  is  in  the 
effluent  before  filtration. 

3640.  Of  course,  it  is  not  a  comparison  between  the 
nitrates  in  the  tank  effluent  and  in  the  filtrate,  but  it  is 
a  question  of  what  becomes  of  the  nitrogen  in  the  tanJc 
effluent.  That  nitrogen  exists,  I  suppose,  either  as  am- 
monia or  compound  of  ammonia-flome  compound  or  ottier 
of  ammonia— or  as  albuminoid  matter,  using  that  m  ttie 
very  broad  sense,  or  as  nitrites,  or  as  nitrates.  In  what 
S  d^s  that  nitrogen  exist  in  the  filtrate  1-If  you  ask 
me  a  question  of  that  sort  I  am  afraid  I  cannot  give 
you  any  definite  answer.  If  you  ask  me,  do  I  beheve  if 
the  position  you  put  before  me  is  one  which  may  be 
generally  adopted,  I  say  no.  I  do  not  think  ^X'\l^^^ 
I  find  there  are  no  nitrites  and  nitrates  m  the  effluent , 
comparatively  the  quantity  is  not  what  you  wou^ 
expe^ct  it  ti  be,  and,  as  I  say,  I  think  it  probable 
that  i|  very  considerable  proportion ,  of  the  nitrogen  u 
evolved  as  such. 

3541.  As  simple  nitrogen  ?— Yes,  I  think  so. 

3642.  In  the  filter  ?— Yes,  I  think  so. 

3643  Have  you  any  evidence  of  that  at  all? — ^No  ;  on 
this  sort  of  theoretical  point  I  do  not  pretend  to  give  a 
distinct  opinion,  but  what  other  form  can  it  have?  If  it 
is  not  in  ammonia,  and  it  is  not  in  the  form  of  nitntes  and 
nitrates,  what  other  form  can  it  have  ? 

3644.  Of  course,  in  several  analyses  we  have  had  before 
us  there  have  been  a  considerable  quantity  of  nitrates  in 
the  filtrate,  and  it  has  been  stated  that  the  quantity  corre- 
sponds to  the  nitrogen  in  the  material  thrown  upon  ^e 
ffltrate,  showing  that  nitrification  has  taken  place  »-;Well 
that  is  not  mv  experience.  I  think  ^at  the  quantity  of 
nitrates  does  increase  considerably  when  the  aeration  of 
the  filter  is  of  long  duration. 

3645.  With  regard  to  these  organisms  which  you  and 
Mr.  Lunt  studied  ?— Yes. 

3646.  You  spoke  of  several  of  them  absorbing  oxygen  ?— 
Yes.  . 

3647  Not  only  the  aSrobic,  but  the  anaerobic ;  but  is 
it  not  the  characteristic  of  the  anafirobic  organism  from 
which  it  derives  its  name,  that  it  works  without  oxygen  ?— 
Yea,  that  is  so. 

3648.  These  organisms  that  you  speak  of  there,  whidi 
obviously  do  absorb  oxygen,  must  be  the  so-called  facul- 
tative organisms  ?— Yes,  I  think  so. 

3649.  Then  I  rather  gather  from  what  you  state  thftt 
-ou  thought  a  chemical  examination  of  the  filtrates  gave 
you  aU  that  it  was  necessary  to  know  ^I  did  not  intend 
to  say  80. 

3650.  Page  6 ;  that  was  the  sentence  that  was  in  my 
mind :  "  Suffice  it  to  stete  that,  in  my  opinion,  purely 
chemical  analysis  is  sufficient  to  afford  a  safe  criterion  as 
to  the  fitness  of  a  sewage  effluent  to  be  discharged  into  a 
water  course  '*  ?— Oh,  yes,  I  adhere  to  that.  I  do  not 
say  l^st  it  is  not  advisable  to  add  other  methods  in  special 
eases ;  all  I  say  is  that  the  chemist  can  thus  obtain  suffi- 
cient evidence. 

3661.  Do  you  think  that  it  is  safe  to  discharge  a  number 
of  pathogenic  organisms  through  the  filtrate  ?— No,  I  think 
that  it  is  very  unsafe. 


3652.  Can  chemical  analysis  detect  their  p:  esence  I — No,        Sir 
certainly  not ;  but  I  think  that  where  you  have  got  pa.ho-   ^j^^JJ^ 
genie  organisms,  you  will  also  find  in  all  cases  a  sufficient  d.o.l.,'i1.d, 
amount  of  chemical  Impurity  to  condemn  ycur  effluent.      iij^~igg^ 

3653.  What  is  your  evidence   of  that?- That    is   my      

opinion.     I  may  be  incorrect  about  it,  but,  cf  coarse,  if 

you  have  a  method  by  which  you  can  detect  patliogenic 
organisms  easily  and  well  so  much  the  better.  At  the  same 
time,  I  wish  to  point  out  that  all  I  am  speaking  of  in  this 
precis,  and  in  my  evidence,  is  with  regard  to  the  question 
of  how  far  th?  liquids  are  polluting  liquids.  I  do  not  pro- 
pose to  say  that  the  tests  that  I  am  applying,  or  that  I 
am  anxious  to  see  applied,  suffice  for  the  case  of  water 
which  is  to  be  used  for  drinking  purposes — on  the  con- 
trary. And,  therefore,  I  do  not  know  that  the  presence 
of  pathogenic  organisms  would  be  so  serious  in  the  case 
of  the  water  to  which  I  have  referred,  and  which  I  was 
considering,  as  it  would  be  in  the  case  of  waters  which  were 
used  for  potable  purposes. 

3654.  Is  it  safe  to  make  the  dist-nction  be:  ween  water 
which  is  potable  and  water  which  is  used,  for  instance,  for 
washing  drinking  vessels  ? — ^Well,  you  know  all  that  I  have 
had  to  do  with,  and  that  I  have  been  speaking  about,  are 
almost  entirely  on  the  Mersey  and  Irwell  Watershed.  I 
have  not  entered  into  the  question  of  the  Thames,  and  the 
limits  I  should  draw  might.be  altogether  different  if  I 
were  considering  the  question  of  the  Thames  basin.  I 
have  only  been  considering  the  question  of  the  Mersey 
and  Irwell  basin,  and  there  I  do  not  think  that  anybody 
would  ever  use  the  water  for  potable  purposes,  or  even  for 
washing  their  clothes. 

3655.  Well,  let  me  put  it  in  this  way,  Sir  Heiiry ;  do 
you  not  think  it  is  advisable,  considering  that  it  can  hardly 
be  considered  as  proved  at  present,  that  pathogenic  orga- 
nisms cannot  exist  in  a  filtrate  without  a  correspondingly 
large  quantity  of  organic  polluting  matter,  tnat  it  is 
desirable  that  the  filtrates  should  be  examined  fr  m  a 
bacteriological,  and  not  entirely  from  a  purely  chemical 
point  of  view? — Oh,  I  certainly  agree  wi  h  tVat  view  re- 
specting water  which  is  capable  of  being  used,  wh'ch  is 
being  used,  or  which  it  is  possible  to  be  used,  for  potable 
purposes — domestic  purposes;  certainly  I  think  if  a 
method  can  be  found  for  ascertaining  by  a  bacteriological 
examination  whether  any  of  those  pathogenic  organisms 
are  present,  I  think  it  most  important  that  that  examina- 
tion should  be  made. 

3656.  But  it  is  not  in  all  cases  desirable  ? — ^No,  I  do  not 
think  it  is  necessary  in  all  cases.  I  do  not  think  it  is 
necessary,  for  example,  on  our  watershed. 

3657.  I  mean  how  do  you  know  where  these  germs  may 
not  be  carried — ^by  what  indirect  means  they  may  not  get 
back  again  7 — Yes,  I  quite  agree  there  and  then,  I  say ;  I 
think  if  you  can  find  out  a  method  by  which  it  can  be  readily 
done  I  shall  be  very  glad  to  adopt  it,  and  I  think  it  ought 
to  be  adopted,  but  hitherto  I  must  confess  I  hare  not  been 
able  to  find  out  an  easy  practicable  method  by  which  the 
presence  of  pathogenic  organisms  can  be  detected  in  the 
sewage  water.  I  do  not  know  how  it  could  be  done  ;  if 
it  could  be  done  readily  I  certainly  say  it  ought  to  be 
adopted. 

3658.  You  are  speaking  now  of  your  own  experience  ? — 
My  own  experience,  of  course,  and  of  the  conclusions  to 
which  others  have  arrived. 

3650.  That  nitrates  from  the  filtrate  will  not  gir^  you 
the  means  of  detectinsr  pathogenic  organisms  ? — ^No,  but  I 
have  not  been  able  to  find  out  a  method  which  is  praHically 
applicable ;  I  shall  be  happy  to  learn  it. 

3660.  (Sir  Richard  Thome.)  I  know.  Sir  Henry  Boscoe, 
that  the  Commission  were  anxious  to  get  your  advice  even 
outside  the  Mersey  and  Irwell  basin  ;  therefore  I  think  you 
will  not  mind  me  asking  one  or  two  questions  bearing  on 
Professor  Foster's  ? — ^To  the  best  of  my  ability. 

3661.  When  you  spoke  of  chemical  analysis  affording  a 
safe  criterion  may  I  assume  that  you  did  not  mean  from  a 
public  health  point  of  view? — No,  I  did  not  mean  from 
that  point  of  view ;  it  certainly  is  necessary  witli  water 
which  is  to  be  used  for  potable  purposes  that  bacterio- 
logical  examinations  should  accompany  a  chemical  exami- 
nation. 

3662.  From  that  point  of  view  of  the  term  you  did  not 
mean  the  same  ? — ^What  I  meant  was  that  fmm  the  point 
of  view  of  the  Mersey  and  Irwell  J(Mnt  Committee,  a 
chemical  examination  is  sufficient.  If  you  ask  me  whether 
this  suffices  for  a  water  used  for  drinking  purposes,  I  at 
once  say  no.  There  we  need  a  bacteriological  ezaminatiov 
as  well,  and  if  this  shows  the  presence  ojf  such  .^rganismi 
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6»r        ad  coli  communis,  etc.,  that  water  »hould  be  condemned 
^v^tV^'  even  if  Its  chemical  analysis  was  saiisfactoiy. 
^.au,  LL.D.      3663.  With  regard  to  chemical  analysis  being  sufficient 
17  jjinTisoo.  ^o'  7^^^  purpose  may  I  just  ask  your  view  as  to  a  passage 

^      which  I  am  quoting  out  of  the  last  report  of  the  Medical 

Deputment  of  the  Docal  Goyemment  Board.  Dr.  Klein 
and  Dr.  Houston  were  engaged  to  ascertain,  in  so  far  as 
obemical  and  bacteriological  examination  of  water  was  ooa- 
eemed,  what  was  the  effect  of  adding  pathogenic  oigan- 
Isms.  To  refer  for  example  to  experiment  No.  6.  Here 
sewagb  was  added  to  the  water  in  the  proportion  of  0*1 
per  cent,  which  sewage,  as  the  baotenoscopio  analyses 
•  show,  contained  in  its  crude  state  a  comparatively  small 
Amount  of  bacillus  coli  and  bacillus  enteriitidis ;  never- 
theless there  was  no  difficulty  in  demonstrating  in  this 
diluted  sample  the  presence  of  both  those  microbes; 
meanwhile,  chemical  analysis  in  its  turn  of  the  particular 
sample  indicated  a  water  of  great  organic  purity  f— Tes. 

3664.  Thai  would  rather  confirm^  then,  what  you  aay 
as  to  your  tests  named  in  your  evidence :  ''It  must  be 
distinctly  understood  that  this  definition  of  a  polluting 
liquid  does  not  apply  to  a  dase  of  a  sewage  effluent  flowing 
onto  a  river  or  water  which  is  used  for  drinking  purposes  "  ? 
— Tes.  Of  course  I  am  not  a  bacteriologist,  and  I  yield 
both  to  you,  Sir  Bichard,  and  to  Professor  Foster  in  the 
matter,  but  I  understand  that  it  is  a  fact  that  it  is  ex- 
tremely difficult  to  detect  typhoid  bacillus  in  the  water. 

3666.  It  was  the  snores  of  bacillus  enterltidis  in  the 
instance  I  refer  to  ? — ^I  may  be  wrong,  but  I  have  under- 
stood that  it  was  extremely  difficult  to  ascertain  the 
presence  of  the  typhoid  bacillus  in  drinking  water,  and  as 
a  matter  of  fact  it  is  very  difficult  to  say  whether  it  has 
been  found. 

3666.  Would  that  apply  to  the  spores  referred  to? — ^I 
suppose  so.  I  mean  it  is  a  vexy  difficult  matter  to  investi- 
gate, and  in  these  questions  we  ought  to  have  something 
that  is  ready  to  hand,  and  can  be  done  without  a  vast 
amount  of  either  time,  or  what  I  may  call  sdentific 
accuracy.  We  want  something  that  can  be  done  quickly, 
and  that  anybody  can  do  almost,  because  after  all  we  only 
have  to  determine  whether  the  liquid  is  a  polluting  liquid 
or  not. 

3667.  Well,  then,  to  make  one  other  point  dear.  I 
think  I  understood  you  to  say  that  if  pathogenic  organisms 
were  present  in  any  substantial  amount  there  would  bt 
other  evidence,  I  assume  chemical,  of  the  unfitness  of  the 
effluent  ?— I  am  speaking  of  sewage,  not  of  drinking  water. 

3668.  Now  take  the  case  of  a  town  that  discharges  into 
its  sewers  a  certain  given  quantity  of  excreta  per  diem, 
and  the  sewage  effluent  of  that  town  is  taken  from  a 
chemical  point  of  view  to  be  satisfactory.  Now  a  typhoid 
epidemic  comes,  and  the  amount  of  excreta  is  not  in- 
creased, but  the  quality  is  totally  different  Should  you 
expect  any  difference  in  the  chemical  results  -  the  excreta 
are  now  specific ;  they  were  not  so  before  ? — ^Then  in  that 
case  of  course  the  danger  to  life  from  drinking  such  water 
would  be  very  considerable. 

3660.  But  what  I  want  to  get  your  opinion  up<m  is  this : 
should  you  expect  chemically  to  be  able  to  detect  the  diffe- 
rence in  the  quality  of  the  sewage  ? — ^No,  I  do  not  think  I 
could,  but  I  venture  to  doubt  whether  the  typhoid  bacillus 
can  at  present  be  with  certainty  detected  bacteriologically 
in  crude  sewage  effluent. 

3670.  May  I  revert  for  one  moment  to  the  question  of 
standardB.  I  have  been  very  deeply  impressed  since  I 
have  been  on  this  Commission  with  the  almost  unvarying 
statements  of  experts  that  we  ought  not  to  adopt  a 
standard,  and  yet  every  one  of  those  experts  adopts  one 
for  his  own  purposes.  Do  you  think  it  would  be  in  the 
fitrst  place  possible  to  lay  down  a  standard  in  which  the 
first  condition  imposed  was  the  present  statutory  one, 
namely,  that  the  best  practicable  and  available  means 
ghould  be  adopted  ?— That  I  certainly  agree  with. 

3^1.  I  was  going  to  ask  you  is  that  to  be  one  of 
«hem?— This  is  one. 

3672.  Well,  now,  do  you  think  it  possible  that,  the 
best  available  method  having  been  adopted,  then  to  lay 
down  that  there  shall  be  in  addition  certain  chemical 

tandards  such  as  albuminoid  ammonia,  oxygen  absorbed, 
or  any  other.  As  a  matter  of  fact,  the  best  availably 
method  at  the  present  moment,  after  twenty-two  years* 
experience,  leads  to  some  of  the  fouUeet  stuff  getting  into 
the  rivers  that  it  is  possible  to  conceive  ^— Well,  I  should 
like  to  have  particulars  of  that  last  statement  of  yours, 
Ss  Richard. 

3673.  Well,  I  refer  to  actions  that  have  been  brought 
igailist  towns  for  delivering  filthy  effluents  into  the  rivers, 


where  counsel  have  satisfied  those  who  have  sat  in  judg- 
ment on  the  matter  that  they  have  used  the  best  pnio- 
ticable  and  available  means,  with  the  result  that  nothing 
furtlier  has  been  done.  Is  not  something  wanted  b^ond 
"  the  best  practicable  and  available  means,"  and  could  not 
one  add  some  other  conditions  t'hat  tak^ii  altogether  WQuld 
constitute  a  fair  general,  j^tandard? — ^Well,  in  the  case  of 
town  sewage,  as  I  have  already  stated,  X  have  fiixed  what  I 
call  a  limit ;  and  I  explained  that  I  oonsider  that  to  be 
the  limit  of  impurity  which  must  always  be  attained,  and 
in  that  sense  there  is  a  standard  &si^  as  f ajr  as  our 
basin  is  concerned. 

3674.  On  the  other  hand,  something  is:  wanted  that 
would  in  some  cases  go  much  higher  ?*-Yes, 

3676.  But  I  mean,  always  presupposing  that  tihe  best 
praoticaiUe  and  avaikble  means  be  retained  as  a  condition, 
would  it  not  be  possible  to  add  to  that  some  chemical 
standards  contrived  so  to  speak  on  a  sliding  scale? 
— The  great  difficulty  is  this:  take  a  stream  like 
the  river  Irwell,  you  find  that  the  water  of  that  stream 
is  of  every  degree  of  purity  from  the  most  beautiful, 
purest  water  at  the  top  to  the  fouUest  stream  at  the 
bottom.  On  this  stream  you  have  a  great  variety  of  manu- 
facturers ;  you  have  a  great  number  of  towns.  If  yon 
compel  the  manufacturer  at  the  lower  end  of  the  sbream 
to  adopt  certain  limits  of  standards  which  would  be  appli- 
cable to  the  manufacturer  at  the  head  of  the  stream,  you 
are  evidently  proposing  something  which  cannot  be  carried 
out. 

3676.  But  you  yourself  would  make  him  use  the  best 
practicable  means  7 — ^Yes,  in  different  circumstances. 

3677.  But  the  best  .practicable  means  in  his  case  is  that 
which  he  himself  can  carry  out  ? — ^The  best  practicable  and 
aviUlable  means  which  can  be  carried  out. 

3678.  So  that  you  would  insist  upon  the  inan  at  the 
lower  end  of  the  stream  producing  if  he  can  a  perfeetl| 
clear  effluent  ? — ^Tes,  if  he  can,  but  he  is  not  to  do  it  n 
he  cannot,  and  if  you  fix  a  definite  standard  which  would 
be  suitable  for  the  man  at  the  top  of  the  stream  you  act 
doing  something  which  is  much  too  stringent  for  the  man 
at  the  bottom  of  the  stream,  and  if  you  fix  standards  to  soli 
the  man  at  the  bottom  of  the  stream  then  they  are  together 
inapplicable  to  the  man  at  the  top  of  the  stream.  ( 

3679.  Certainly,  if  you  have  only  one  standaxd  without 
sliding  scale? — Therefore  you  must  have- a  standArd  for 
each  particular  position  of  the  stream,  and  each  particular 
man  must  be  judged  of  under  that  first  clause,  and  you 
must  rely  upon  that,  and  rely  upon  that  only. 

3680.  But  do  you  not  rely  upon  the  condition  of  the 
stream  only,  do  you  not  say  this  is  all  that  is  reasonable 
in  consideration  of  the  conditions  of  the  stream  ;  so  thM 
where  the  stream  is  pure  you  ins'st  upon  a  perfectly  clear 
effluent,  and  where  the  stream  is  black  you  permit  a  more 
polluting  effluent  1 — ^Yes,  I  do. 

.3681.  If  you  make  him  provide  the  best  practicable  and 
available  means  ? — ^Tes,  but  what  are  the  best  practicable 
and  available  means  to  the  man  at  the  top  of  the  stream 
are  not  the  best  practicable  and  available  means  to  the 
man  at  the  bottom  of  the  stream. 

3682.  I  am  supposing  that  the  manufacturer,  irrespec- 
tive of  his  position  on  tiie  stream  can  produce  a  perfectly 
clear  effluent  ? — ^If  a  man  at  the  bottom  of  the  stream  can 
produce  a  perfectly  clear  and  potable  water  out  of  a  black 
effluent  which  he  receives  then  he  is  bound  to  do  it,  but 
he  has  a  right  to  demand  that  a  workable  process  for 
doiiig  this,  practical  and  available,  is  pointed  out  to  him. 

3683.  Is  that  ever  carried  out? — But  that  is  not  prac- 
tical; you  may  assume  it  is  practical,  but  it  is  never 
carried  out. 

3664.  Practical  and  practicable  are  two  different  words ; 
the  statutory  one  is  practicable ?— Yes,  practicable; 
is  it  practicable  for  a  man  to  distil  all  his  effluent 
that  he  gets  in?  He  will  then  get  distilled  water. 
You  say  that  can  be  done.  Yes,  it  can  be  done.  A  man 
can  distil  the  whole  of  his  effluent.  It  comes  in  like  ink 
and  goes  out  of  the  still  a  beautiful  pure  effluent.  Yon 
say  it  can  be  done,  but  it  is  not  practical.  This  must 
be  applied  with  ordinary  common  sense  as  to  what  can  be 
done  in  view  of  the  district  and  in  view  of  the  manufae- 
tures  of  that  district.  You  do  not  wish  to  so  far  impede 
the  manufacturers  and  the  industry  of  the  district  that  the 
people  would  got  away. 

3685.  Then  I  take  it  one  of  the  conditions  from  which 
you  judge  an  effluent  is  the  state  of  the  river  in  which  it 
is  discharged  ? — ^The  state  of  the  river  as  he  obtains  it  ia 
a  part  of  the  conditions  under  which  he  works.        , 
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3686.  It  is  rather  the  state  of  the  riyer  as  he  receives 
it|  tben  7 — ^Yes,  I  have  said  ao. 

3687.  Not  the  state  of  the  river  into  which  he  sends 
his  effluent  ? — ^You  cannot  compel  a  man  who  receiyea  a 
river  water  which  is  very  impnre  or  highly  discoloured 
to  send  out  on  effluent  which  is  equal  to  the  effluent 
seat  out  bj  the  manufacturer  «t  the  top  of  the  stream 
who  has  to  deal  with  perfectly  pure  water. 

3688.  Then  does  that  not  practically  mean  that  these 
black  rivers  must  remain  black? — No,  if  every  man  and 
every  authority  was  made  to  do  thdr  best  ^e  river  water 
wcmld  cease  to  be  black. 

3689.  Because  manufacturers  will  receive  them  black, 
and  you  do  not  insist  that  they  shall  send  them  {n  any 
other  way  ? — I  do  want  to  do  so,  and  we  compel  him  to 
improve,  but  you  have  to  deal  with  this  question  ^om  a 
common-sense  point  of  view.  What  is  the  object  we 
have  in^  view  ?  The  object  is  to  mdke  the  rivers  m  little 
of  a  nuisance  as  we  possibly  can,  but  that  must  be  con- 
sistent with  supporting  the  industries  of  the  neighbour* 
hood.  If  you  go  to  insist  on  conditions  which  it  is  im- 
possible to  carry  out  except  to  the  detriment  and  de- 
struction of  those  industries,  then  I  say  you  are  doing  far 
more  harm  than  good. 

3690.  That  just  brings  me  back  to  my  point  tiiat  one 
of  the  conditions  upon  which  you  judge  an  effluent  is 
tl^e  .state  of  the,  river  at  the  point  where  the  effluent 
goes  in? — Yes. 

3691.  (Professor  Ramsay,)  Does  it  not  make  it  ex- 
ceedingly difficult  to  obtain  convictions  in  cases  of  dis- 
pute where  there  is  no  definite  standard? — ^We  have 
not  found  it  so.  We  have  found  in  all  cases  we  could  get 
convictions  where  it  is  necessary.  I  think  Mr.  Killick 
win  bear  me  out.  I  do  not  pretend  to  be  a  lawyer,  but 
I  think  that  ia  so. 

(Mr,  Killick.)  It  is  00. 

3602-3.  (Frofessor  BamsayJ)  What  sort  of  testimony  is 
biought  in  favour  of  the  best  practical  means  ? 

(Mr.  Killick^)  We  have  put  Sir  Henry  Roscoe  in  the 
box,  or  offered  him  several  times,  and  the  witnesses  on 
the  other  side  have  not  appeared. 

3694.  (Sir  Biehard  Thorne.)  With  regard  to  the  que»- 
tiona  both  of  land  and  of  artificial  filtration,  I  gather 
that  your  opinion  is  that  thus  far  tiiere  is  no  doubt  that 
you  cannot  do  without  some  chemical  precipitation  before 
the  artificial  filtration,  and  before  the  passing  of  the 
effluent  on  land  ? — ^Yes,  that  is  so,  that  ia  I  cannot  bring 
before  you  now  sufficient  evidence  to  diow  liiat  artificial 
filtration  can  be  carried  out  successfully  without  previous 
spbsidence  or  chemical  treatment.  Might  I  just  con- 
tinue? I  believe  the  main  good  which  is  derived  from 
chemical  treatment  is  settlement;  I  mean  that  if  we 
could  get  the  solid  matter  settled  out  easily  by  mere 
standing  that  that  would  practically  do  away  with  all 
additions  of  chemical  material,  and  I  may  add  that  I  was 
on  the  x)oint  of  determining  that  question  on  a  large 
scale  for  Manchester ;  but  I  was  unable  to  continue  the 
experiments.  I  believe  it  is  quite  possible  that  by  a 
proper  arrangement  of  tanks,  and  without  the  addition 
of  any  chemicals,  a  sufficient  amount  of  subsidence  may 
be  obtained;  indeed  I  say  here: — "It  may,  to  begin 
with,  be  assumed  that  no  amount  of  chemicals  which 
can,  with  any  show  of  reason,  be  added,  is  sufficient,  or 
neariy  sufficient,  to  convert  the  whole  of  the  foBcal  matter 
into  harmless  forms.  Hence  the  use  of  chemicals  can 
only  be  recommended  for  the  purpose  either  of  starting 
a  process  of  purification,  or  of  simply  getting  rid  of  the 
evil  odour.  The  purification  of  the  river,  in  which  the 
sewage  may  remain  for  some  length  of  time,  must 
therefore  be  effected  by  natural  processes.  Of  these  by 
far  the  most  important  is  the  change  produced  by  living 
organisms.  The  change  thus  carried  on  may  be  of  a 
two-fold  character;  the  one,  due  to  the  action  of  the 
oiganisms  requiring  free  oxygen  for  their  growth,  has  the 
result  of  rendering  the  organic  matter  inoffenaive ;  the 
other,  due  to  oiyanisms  which  flourish  in  absence  of  free 
oxygen,  gives  nse  tq  products  which  are  offensive.  It 
18,  therefore,  clear  that  efforts  should  be  made  to  pre- 
serve and  assist  the  life  of  such  organisms  as  are  capable 
of  effecting  this  innocuous  change,  and  to  prevent  th« 
growth  oi  «uch  as  yield  offensive  products.  The  oxygen, 
necessary  for  the  growth  of  what  may  be  termed  the 
a«robic  oiganisms,  is  usually  derived  from  the  air  dia- 
Bolved  in,  all  unpolluted  running  water.  Sewage^  how- 
ever, is  either  entirely  free  from,  or  at  any  rate  contains 
less  dissolved  oxygen  than  is  necessary  for  the  active 
growth  of  these  aSrobic  organisms.  In  ooosequeBce  of 
the  absence  of  dissolved  oxyj-^n  in  the  sewage,  this  has. 
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during  its  passage  to  the  outfall,  already  begun  to  under-  sir  ., 
go  change  of  a  putrescent  character,  owing  to  the  growth  ^i^JJ*^ 
of  the  putrefaetive  or  ana^obic  orvanisms.  The  pro-  d.o.£.,  uLp. 
ducts  of  this  putrefactive  change .  readily  absorb  free  —  - 
oxygen,  passing  into  more  stable  forms,  and  therefore,  i^J*^^- 
when  the  sewage  is  poured  into  the  river,  it  rapidly 
robs  the  water  of  its  dissolved  oxygen.  If  now  the 
quantity  of  sewage  thus  poured  in  exceeds  a  certain  pro- 
portion as  .compared  with  the  river  or  fresh  water,  the 
whole  of  the  nver  is  deprived  of  its  dissolved  oxycen, 
and  the  aerobic  growths  are  thus  practically  kifled. 
Hence  the  jiddition  of  deodorants  has  for  its  object  the 
destruction  by  chemical  oxidation  of  the  putrescent 
material,  which  not  only  causes  the  foul  smell,  but 
effects  the  removal  of  the  free  oxygen  from  the  water  of 
the  river.  This  deodorisation  is,  however,  only  the  first 
step  in  the  process  of  purification ;  and,  in  order  that 
growths  necessary  for  the  production  of  healthy  change 
may  flourish,  the  deodorised  sewilge  must  be  brought 
into  contact  with  the  free  dissolved  oxygen  needed  for 
the  respiration  of  the  organisms.  This,  under  proper 
conditions,  is  obtained  from  the  large  volume  of  un- 
polluted water  with  which  the  sewage  is  mixed.  But 
should  the  river  water  either  be  insufficient  in  quantity, 
or  have  lost  its  oxygen  by  previous  pollution,  then  the 
whole  volume  of  water,  after  mixing  with  the  sewaffe, 
becomes  incapable  of  supporting  the  life  of  the  adrooic 
oiganisms,  and  ^0  further  addition  of  an  oxidising  chemi- 
cal can  ever  reistore  the  river  to  its  normal  condition. 
The  only  natural  remedy  then  remaining  is  the  slow 
absorption  of  atmospheric  oxygen  at  the  surface  of  the 
water.  It  is  thus  seen  that  the  chemical  oxidation  or 
deodorisation  of  the  sewage  is  only  a  means  to  an  end, 
that  end  being  the  presence  of  a  sufficient  quantity  of 
free  dissolved  oxygen." 

3696.  Then  on  that  principle  you  must  retain  the 
sludge,  I  suppose  ?— -Yes,  that  is  the  unfortunate  part  of 
it 

3696.  You  do  not  see  any  way  of  getting  rid  of  sludge, 
then  ? — The  other  way  of  getting  rid  of  the  sludge  is  that 
process  which  has  recenuy  been  spoken  of,  but  about 
whdoh  I  do  not  know  that  we  have  sufficient  evidence.  It 
is  known  as  the  septic  process. 

3697.  Yes,  but  that  is  not  chemical  treatment? — That 
is  not  chemical  treatment,  but  that  does  get  rid  of  the 
sludge. 

3698.  But  I  am  going  on  your  assumption  that  chemi- 
cal treatment  is  necessary  in  advance ;  that  retains  the 
sludge  difficulty  ?— -That  does. 

3699.  Whilst  we  were  in  Lancashire  I  was  rather  struck 
with  the  difference  between  one  or  two  methods  of  deiiling 
with  sludge.  In  some  instances  the  sludge  was  only 
removed  from  the  tanks  every  third  or  fouith  or  fifth  d^ ; 
in  one,  at  least,  I  believe  it  was  removed  every  day.  Now 
does  not  the  fact  of  retaining  the  sludge  in  these  tanks 
seriously  add  to  the  foulness  of  the  effluent  from  tdiat 
tank,  because  you  are  mixing  all  the  deposited  filth  of 
one,  two,  or  three  days  with  the  fourth  ^fs  sewage  ? — 
Yes,  no  doubt. 

3700.  Is  it  not  a  very  improper  thing,  then,  to  leave 
the  shidge  of  one  day's  sewage  to  be  mixed  up  with  the 
sludge  of  the  next  day's  sewage?-— No  doubt,  if  the 
sludge  could  be  removed  every  day  it  would  be  veiy 
much  better.     It  is  partly  a  question  of  cost,  of  covune. 

3701.  Well,  is  it  a  question  of  cost?  What  we  saw 
in  one  place  was  that  the  recent  sludge  of  one  daVa 
deposit  could  be  got  rid  of  by  an  ordinary  indiarubber 
squeezee  in  a  very  short  time  ;  but  if  you  allow  it  to 
deposit,  men  have  to  go  in  with  buckets  and  epadok 
Then  it  becomes  not  only  a  matter  of  cost,  but  of  labour 
also  ?— Most  distinctly  it  ought  to  be  removed  as  soon  aa 
possible,  as  soon  as  it  has  settled  out.  I  suppose  the  reason 
for  allowing  it  to  stand  is  that  it  gets  more  solid,  and  when 
it  is  in  a  liquid  condition  it  cannot  be  handled.  I  pre- 
sume that  may  be  so,  but  it  certainly  ought  not  to  stand  m 
contact  with  the  sewage  longer  than  necessary. 

3702.  I  think  all  your  references  to  land  treatment 
have  had  regard  to  the  broad  irrigation,  have  they  not  ? 
— ^By  no  means. 

3703.  You  have  given  us  no  opinion  about  downward 
intermittent  filtration,  have  you  ?— Yes,  I  have  handed  in 
to  you  my  opinion  upon  that,  but  I  have  not  mudk 
m<M:e  to  say  upon  that  subject  than  is  contained  in  thia 
prieis^ 

3704.  What  page  is  that  pleas©  ?M)n  page  310.  Wa 
have  had  in  Manchester  a  considerable  amount  of  ex- 
perience on  that  subject  of  intermittent  downward  land 
filtration. 
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Sir  3705.  It  was  the  absence  of  details  on  page  310  that 

E,  Roteoe,  ina<ie  me  ask  ? — Perhaps  I  have  not  put  much  in  about  it. 
d.o!lm  LL.D.  I  8^1*11  ^0  happy  to  give  you  any  informaiion  I  can. 

3706.  I  should  have  liked  to  have  got  your  view  on  it, 
that  is  all? — Yes.  You  will  find,  Sir  Richard,  in  on3  of 
the  reports  which  I  put  in,  namely,  that  of  1836,  a  number 
of  tables  and  diagrams  giving  the-  result  of  the  analyses  of 
land  filtrates.  If  you  desire  it  I  can  go  into  the  detail, 
but  if  not  I  would  refer  you  to  that. 

3707.  No ;  I  would  rather  have  got  your  general  view 
as  to  the  application  of  the  system  of  downward  inter- 
mittent filtration  to  ordinary  town  sewage? — Yes,  that 
you  will  find  in  the  report,  and  I  may  say  tliat  the  question 
entirely  is  one  which  can  only  be  judged  of  in  each  par- 
ticular case.  I  mean  to  say  that  whilst  intermittent  land 
filtration  is  available  and  successful  in  action  in  certain 
cases,  it  is  absolutely  inapplicable  in  others.  If  we  take, 
for  example,  the  case  of  Manchester,  there  the  amount  of 
dry  weather  sewage  is  26,000,000  gallons.  Under  the 
Orders  of  the  Local  Government  Board,  the  Manchester 
Corporation  were  bound  to  make  provision  for  a  rainfall 
of  half-an-inch.  The  area  which  Manchester  covers  is 
3,700  acres ;  upon  this  half-an-inch  of  rain  means  some- 
thing over  60,000,000  gallons,  therefore  the  quantity  of 
water  which  the  Manchester  people  may  have  to  deal  with 
amounts  to  someUiing  like  60,000,000  to  70,000,000 
gallons  a  day. 

3708.  Now,  if  you  are  going  to  put  that  on  to  the  land, 
and  if  you  are  going  to  get  a  satisfactory  effluent  from  that 
land,  you  have  to  use  a  very  considerable  area.  Thus,  for 
example,  it  would  come  out  that  you  would  require  at  least 
460  acres  for  that  flow. 

3709.  y  es  ;  I  was  not  thinking  of  Manchester.  I  should 
imagine  myself  that  it  would  not  be  very  easily  applied 
there.  I  was  rather  thinking  of  it  generally ;  any  view 
you  might  have  as  to  the  value  of  that  system  of  filtration  ? 
— There  is  no  doubt  that  land  filtration  is  an  excellent 
system  where  you  can  adopt  it,  but  I  say  there  are  a  great 
many  cases  in  which  you  cannot  adopt  it. 

3710.  But  that  system  requires  much  less  land,  of 
course,  than  the  broad  irrigation  does? — ^Yes. 

3711.  And  if  a  sufficient  amount  of  land  could  be  ob- 
tained in  the  district  to  secure  a  downward  intermittent 
filtration  system,  would  you  regard  that  as  preferable  to 
any  other  form  of  filtration  ? — If  the  land  can  be  obtained 
in  quantity  sufficient ;  if  it  is  suitable,  because  it  must 
be  suitable  as  well  as  in  area  sufficient ;  and  if  the  rainfall 
in  the  neiglibourhood  is  not  very  serious,  I  think  such 
filtration  is  very  excellent. 

3712.  Of  course,  I  am  speaking  now  of  the  downward 
intermittent  filtration,  not  land  treatment  generally? — 
Quite  so ;  I  am  also  speaking  of  the  downward  intermit- 
tent filtration. 

3713.  The  rainfall  is  an  important  point  ? — ^The  rainfall 
is  a  point  upon  which  I  think  much  stress  has  to  be  laid. 

3714.  (Major-General  Carey,)  As  to  the  capacity  of 
the  experimental  tanks  at  Davyhulme,  can  you  say  what 
the  capacity  of  the  filter  when  empty  was  ? — Yes,  I  have 
got  all  that.     I  think  you  will  find  that  on  page  308. 

3715.  The  figures  you  give  at  page  303  represent  the 
water  capacity  ? — Yea,  they  do. 

3716.  Can  you  give  the  original  capacity  ? — ^The  original 
size  of  the  tank,  yes. 

3717.  What  I  want  is  the  reduction  of  the  capacity 
when  the  filter  is  charged  ? — ^It  is  12ft.  6in.  by  18ft  by  3:t. 
deep. 

3718.  That  is  about  4,218  gallons,  I  make  it.  Then  the 
1,720  or  1,760  gallons  represents  the  reduction  after  being 
filled  with  the  sewage  ?---Yes,  that  is  so. 

3719.  That  is  not  quite  one  third  ? — Yes. 

3720.  Then  there  was  a  subsequent  reduction  for  some 
months? — Yes,  there  was. 

3721.  Until  the  filters  were  matured  or  in  working 
order  ? — ^Yes,  I  think  so. 

3722.  And  after  that  period  it  may  be  further  reduced 
for  several  months  I  suppose  ? — Yes. 

3723.  There  is  no  further  sensible  reduction ;  that  is 
in  the  Manchester  case  that  you  were  quoting  to-day  ? — 
Yes,  that  is  so. 

3724.  But  you  are  not  prepared  to  suggest  any  propor- 
tion as  representing  the  reduction  for  the  working  capa- 
city of  a  filter  ? — No,  not  beyond  what  I  have  stated.  You 
have  the  figures  giving  all  tiiese  details  on  page  308  in  the 


report  on  the  capacity  of  the  experimental  filter  beds  at 
Davrhulme. 

3725.  And  then  they  go  down  to  a  certain  point,  down 
to  March  23rd,  1896,  down  to  May  the  27th?— Yes. 

3726.  But  that  is  not  the  limit  of  reduction;  that 
merely  happens  to  be  to  a  certain  date? — No;  but  the 
statement  which  I  made  on  the  results  of  Mr.  FowWs 
subsequent  examination  goes  to  show  that  the  diminution 
which  had  taken  place  up  to  May,  1897,  did  not  oonrinne, 
and  that  since  May,  1897,  those  filters  have  only  lest  2  per 
cant.  UD  to  December  last,  so  thart  it  would  appear  that 
whilst  the  loss  up  to  1897  was  considerable,  that  then  the 
mass  had  got  into  a  stable  condition,  and  did  not  alter  up 
to  the  present  time. 

3727.  Can  it  be  assumed  from  that  that  a  filter  takes 
fifteen  months  before  it  arrives  at  this  stable  condition  ? — 
Well,  that  is  the  conclusion  that  one  comes  to  from  these 
facts. 

3728.  Of  course  it  is  most  important  that  we  should 
have  those  data  ? — Well,  the  unfortunate  pait  of  the  whole 
subject  is  that  the  data  which  you  look  for,  and  naturally 
and  properly  require,  are  so  recent  that  it  is  exceedingly 
difficult  to  get  any  experiments  lasting  over  a  sufficient 
length  of  time.  Here  all  I  can  say  is  that  whilst  these 
particular  filters  which  were  made  by  me  diminished  in 
capacity  down  to  May,  1897,  since  thit  time  they  have  not 
altered  in  bulk.  How  far  that  is  to  be  taken  as  a  general 
rule,  of  course  it  is  not  for  me  to  say.  I  mean  I  do  noi 
pretend  to  show  what  the  conclusion  that  you  have  got  to 
draw  from  that  is. 

3729.  Of  course  on  those  data  really  the  whole  design 
for  the  filters  must  be  based,  whether  thej  are  artificial 
filters  that  you  have  been  using  at  these  experimental 
works  or  bacterial  filters  ? — It  must  no  doubt  have  an  in- 
fluence, but  I  would  call  your  attention  to  the  fart  that 
these  filters  are  now  pissing — at  the  moment  passing — at 
much  liquid  through  them  now  as  they  did  to  begin  with. 

3730.  That  is  after  chemical  treatment  and  precipita- 
tion ? — ^Yes,  always  after  treatment  and  subsidence.  Al- 
though the  capacity  has  somewhat  lessened,  their  filtering 
power  is  equal  to  what  it  was  to  begin  with  in  consequence 
of  their  treating  more  sewage  tlian  they  did  to  begin  with. 
They  pass  more  liquid  on  to  them,  and  they  get  an 
equally  good  filtrate  or  effluent  out  from  them  as  they  did 
to  begin  with,  therefore  the  loss  of  capacity  is  of  little 
moment. 

3731.  But  they  do  not  get  the  same  volume  of  filtrate? — 
Yes,  they  get  the  same  volume. 

3732.  I  thought  they  got  an  improved  quality,  but  not 
the  same  volume  ? — They  now  get  an  effluent  equal  both 
as  to  quality  and  quantity  to  that  obtained  by  me  in 
December,  1896. 

3733.  That  is  by  additional  filling  ? — ^They  put  on  more 
liquid ;  and  although  the  filters  do  not  contain  as  much 
as  they  did,  they  are  capable  of  doing  as  much  woric 
as  they  did. 

3734.  Yes,  but  I  thought  that  the  Leeds  experiments 
showed  that  there  was  a  very  serious  reduction  of  capacity. 

3735.  (Colonel  Harding.)  That  was  dealing  with  crude 
sewage  ? — I  am  speaking  of  dealing  with  the  tank  effluent 
after  precipitation  and  subsidence;  a  totally  diflferent 
thing. 

3736.  {Major-General  Carey,)  In  those  artificial  filters 
from  which  you  have  taken  samples  of  the  effluent  for 
analysis,  has  rest  always  been  sJktwed  for  the  filters?— 
Always,  there  has  been  a  regular  system  adopted. 
For  example,  this  is  the  record  of  the  time  in  working  the 
filters,  taking  the  total  of  100  hours,  then  the  percentage 
was  as  follows  :  — In  the  first  place  1-lOth  of  the  time  was 
taken  in  filling,  20  per  cent,  of  the  time  it  was  resting  full, 
10  per  cent,  of  the  time  it  was  emptying,  and  59  per 
cent  of  the  time  it  was  aerating ;  that  is  to  say,  it  was 
empty.  Making  a  total  of  100  hours.  I  could  give  you 
the  other  numbers  for  other  times,  but  that  shows  that 
always  there  was  a  period  of  filling,  a  period  of  emptying, 
a  period  of  resting  full,  and  a  period  of  aeration. 

3737.  When  you  say  thai^  sewage  can  be  treated  at  a 
maximum  rate  of  800,000  gallons  per  acre  of  filter  that 
would  apply  to  the  filter  when  first  started.  You  are  not 
making  any  allowance  there  for  reduction  of  capacity  9— 
I  have  shown  that  so  far  no  allowance  is  necessary. 

3738.  It  may  be  reduced  as  you  have  already  shown  on 
page  308  ? — No  allowance  is  necessary,  because  the  filteis 
are  working  now  just  as  well  as  they  did  to  begin  with. 
Mr.  Scudder  reminds  me  that  when  the  capacity  began  to 
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diminish,  and  when  we  onljr  put  on  the  quantity  of  sewage 
which  we  put  on  to  begin  with,  then,  of  couiBe,  the  quan- 
tity of  effluent  diminished,  and  we  were  only  able  to  get, 
in  the  one  case,  instead  of  800,000  we  only  got  735,690, 
and  in  the  case  of  the  coke  filter  only  68^,280,  so  that 
there  was  a  diminution  of  course  when  the  capacity  of  the 
tanks  had  diminished  by  from  12  to  20  per  cent.  ;  there 
was  a  diminution  in  the  volume  of  effluent  filtered  (see 
page  308,  Table  M). 

3739.  Then  you  show  again  an  increase  by  increasing 
the  number  of  fillings  ?— That  is  so.  The  fact  was  that 
during  the  time  that  we  were  working  the  filters  had  only 
three  fillings  a  day  in  the  twenty-four  hours ;  they  now 
find  tiiat  they  can  put  on  four  fillings. 

3740.  May  that  be  taken  as  a  permanent  addition? — 
So  it  appears ;  they  have  gone  on  that  way  for  some 
time. 

3741.  Then,  as  to  another  figure,  60,000  gallons  per 
acre  on  land,  that  is  after  chemical  treatment  and 
precipitation? — ^Well,  there  again  I  must  refer  you  to  a 
table  contained  in  a  report  for  April  17th,  1896,  and 
this  number  to  which  you  refer  was  obtained  from  ex- 
periments made  on  the  land  filter  at  Davyhulme,  21 
acres  in  area. 

3742.  That  is  on  a  veiry  porous  soil? — ^It  is  a  fairly 
porous  soil. 

3743.  Is  60,000  gallons  the  dry  weather  flow  of  sewage, 
or  sewage  mixed  with  rain  water? — Well,  of  course,  it 
depenob  entirely  on  what  the  weather  was.  Unfortu- 
nately, in  all  these  towns  we  have  to  take  the  rain  water 
when  it  comes. 

3744.  I  mean  whether  that  proportion  that  you  have 
given  of  60,000  gallons  per  acre  is  not  excessive  for 
certainly  the  majority  of  cases  of  land  treatment,  where 
the  sewage  is  treated  on  land  by  intermittent  filtration 
after  chemical  treatment.  Have  you  known  any 
instances,  except  on  the  land  in  Davyhulme,  where  that 
quantity  of  sewage  has  been  efficiently  treated  after 
chemical  precipitation? — ^Well,  this  land  will  take  that 
quantity  after  chemical  treatment. 

3745.  At  Davyhulme? — ^At  Davyhulme. 

3746.  Are  there  any  other  places? — ^That  I  cannot  tell 
you  ;  that  I  do  not  know. 

3747.  Then,  going  back  to  the  question  of  the  reduc- 
tion of  water  capacity,  the  cases  of  bacterial  filters  where 
the  crude  sewage  is  put  on  to  the  filter  without  any 
chemical  precipitation,  would  you  expect  even  a  laiger 
reduction  than  has  taken  place  in  your  experimental 
filters  at  Davyhulme  ? — ^I  do  not  think  I  said  so,  did  I  ? 

3748.  No ;  I  am  asking  you  ? — Oh,  I  beg  your  pardon. 

3749.  In  the  instances  where  crude  sewage  is  put 
direct  on  to  the  filters  ? — No  doubt  I  jahould  expect  to 
find  that  the  filter  would  require  cleansing  more  fre- 
quently, and,  of  course,  that  the  quantity  of  suspended 
material  brought  in  would  be  larger  and  kept  in  the  filter. 
For  we  then  have  sent  on  to  the  filter  not  only  the 
insoluble  organic  matter  of  the  sewage,  but  the  large 
quantity  of  mineral  matter— <letritus — washed  off  the 
streets. 

3750.  And  that  the  filter  might  not  recover  so  rapidly 
as  in  the  cases  where  the  sewage  had  been  previously 
treated  and  precipitated  ? — ^I  have  not  any  figures  on  the 
subject. 

3751.  (Sir  JRichard  Thome.)  May  I  ask  you  one  ques- 
tion in  reference  to  your  answer  to  General  Carey,  as  to 
the  water  capacity  of  the  filters  that  you  have  experience 
of?  Should  I  be  right  in  putting  it  in  this  way,  thai 
your  view  is  this  :  That  the  diminution  in  the  liquid 
capacity  of  the  coke  fflter  is  compensated  for  by  an 
increased  purifying  capacity? — ^I  think  it  might  be  put 
so,  yes. 

3752.  Is  that  what  you  mean? — ^Well,  I  had  not  ven- 
tured to  say  so  exactly,  because  I  was  not  quite  sure 
whether  we  could  put  it  more  than  we  did  put  it  to 
begin  with.  You  see  we  did  not  try  whether  we  could 
have  worked  it  with  four  fillings.  At  |that  time  we 
tried  it  with  three,  and  we  were  satisfied  with  the  three  ; 
it  might  have  been  that  it  would  have  stood  four  at  that 
time.  It  might  also  have  been  that  it  woiiLd  not  hare  stood 
four  at  that  time. 

3763.  I  thought  you  said  you  put  the  same  amount  on 
now  as  originally  ?— Yes.  What  I  said  was  that  the  re- 
port that  I  referred  to  of  the  work  that  had  been  done 
in  the  lart  month,  was  to  the  eflfect  that  they  increased 
the  quantity  of  sewage  put  on  in  the  propordon  of  three  to 
four  because  they  filled  up  four  times  in  the  twenty-four 
Iiours,  whereas  we  only  filled  three  times  in  the  twenty- 
four  hours.  I  am  not  sure  whether  I  can  say  that  the 
filter  is  working  better  than  it  did  when  it  was  first 
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inaugurated.    In  order  to  be  able  to  know  whether  that        Sir 
was  so  or  not  I  should  have  put  on  as  much  liquid  as   ^p^jT** 
they  are  now  putting  on.    I  did  not  do  §o»  d.cl.,  ll.d. 

3754.  That  was  my  point.    Then  you  cannot  answer  nj^'l^f^ 
it  ?— No ;  but  at  all  events  the  filters  are  now  filtering  as     — L- 
much  as  they  did  to  begin  with. 

3755.  {Mr,  Killick.)  The  limit  of  impurity  to  which 
you  have  referred  in  the  Mersey  and  Irwell  watershed 
was  to  cover  the  greatest  amount  of  impurity  that  an 
authority  should  be  allowed  to  turn  nto  the  stream  ol 
sewage  effluent? — That  is  so. 

3756.  Do  you  believe  that  there  has  been  a  single  case 
in  the  watershed  where  a  sewage  could  not  be  purified 
to  this  degree  ? — ^I  think  there  is  not  a  single  place  m 
our  neighbourhood  on  the  Mersey  and  Irwell  watershed 
where  a  very  great  degree  of  benefit  cannot  be  praoti- 
cally  brought  about  if  the  sanitary  and  urban  authcsities 
would  undertake  to  do  it. 

3757.  Yes.  That  is  hardly  my  question.  Is  there 
any  sewage  effluent  in  the  Mersey  and  Irwell  watershed 
that  by  reasonable  and  practicable  means  cannot  be 
brought  up  to  your  limit  of  impurity  ? — ^No,  I  know  of 
no  case  in  which  by  proper  means,  subsidence  and  filtra- 
tion, the  limit  cannot  be  reached. 

3758.  In  one  or  two  instances  the  authorities  have 
objected  that  they  could  not  reach  the  standard,  but 
on  their  being  taken  into  court  they  have  not  fought 
the  case  out? — They  have  never  been  able  to  prove 
that  they  could  not  do  it,  and  we  have  always  been  able 
to  show  that  it  con  be  done  and  that  they  can  do  it^ 

3759.  Most  authorities  can  turn  out  a  better  effluent 
than  that  demanded  by  your  limit  of  impurity? — ^Yes. 

3760.  But  we  are  not  at  present  enforcing  a  better 
effluent? — No,  I  think  we  have  acted  most  leniently 
towards  them. 

3761.  Very  well.  Then  with  regard  to  maiMifacturers. 
they  are  protected  in  the  same  way  by  only  being  called 
upon  to  tuTQ  cut  the  best  practicable  and  reasonably 
available  means,  and  they  are  further  protected  by  an 
appeal  to  the  Local  Government  Board,  who  are  asked 
to  consider  the  state  of  the  trade  in  the  neighbourhood? 
— ^That  is  so. 

3762.  Therefore  the  manufacturers  are  thoroughly  pro- 
tected?— ^I  think  so,  and  we  have  never  really  had  any 
serious  complaint. 

3763.  And  the  amount  of  piuification  we  ask  from 
them  has  really  in  the  majority  of  cases  been  much  less 
than  the  reasonable  practicable  and  available  means? — 
Yes. 

3764.  Therefore  if  standards  were  introduced  up  to  the 
full  force  of  the  Act  we  should  be  asking  polluters  for 
more  than  we  are  now  asking? — Yes,  if  the  standard 
was  fixed  high. 

3765.  We  will  say  the  recommendation  of  the  Com- 
mission of  1868?— Oh,  certainly,  yea. 

3766.  We  should  be  asking  for  much  more  than  we 
are  now  asking? — Certainly. 

3767.  And  the  result  of  that  woidd  be,  as  far  as  our 
experience  goes,  that  we  should  get  nothing  done? — ^I 
think  it  very  probable.  I  think  the  only  reason  that 
we  have  succeeded  so  well  is  that  our  demands  have  not 
been  otherwise  than  reasonable  and  practicable. 

3768.  And  the  reason  of  the  failure  of  the  Act  of  1876 
has  not  been  any  difflculty  about  standards  or  about  the 
best  practicable  means,  but  it  has  been  the  reluctance 
of  the  authorities  to  put  the  Act  into  force? — That  is 
really  the  truth. 

3769.  And  that  reluctance  has  been  from  several 
causes,  one  the  difficulty  of  proving  pollution  within 
their  own  borders,  and  another  the  feeling  that  one  dis- 
trict might  purify  and  another  not  ?— That  is  also  true. 

3770.  Then  the  non-enforcement  of  the  1876  Act  does 
not  turn  in  any  way  upon  the  question  of  standards  or 
upon  the  question  of  reasonably  practicable  and  available 
means  ? — ^No,  that  is  my  opinion ;  your  statement  is  per- 
fectly correct. 

3771.  (Colonel  Harding.)  Sir  Henry,  your  experience 
in  artificial  filtration  has  been  strictly  limited  to 
thoroughly  settled  sewage  ? — ^That  is  the  case. 

3772.  I  think  you  told  us  that  the  mattere  in  suspen- 
sion as  you  received  them  on  to  the  filters  did  not  exceed 
very  much  1^  grains  per  gallon?— Yes. 

3773.  They  have  recently  made  up  for  a  diminutioak 
in  water  capacity  by  filling  more  frequently  ^— Yes,  thev 
have. 

3774.  Have  they  formed  any  definite  opinion  as  t*» 
the  best  length  of  time  for  contact  with  the  f^lhr^ 
Well,  the  result  seems  to  be  that  they  can  afford  to  prt 


222 


ROYAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


Sir 
U,Rlm6o4t 

D.C.|«.t  LL.D. 

17  JanrlSM. 


on  four  fillings  in  the  twenty-four  hours,  whereas  we 
only  put  on  three.  '     *    "  T 

3776.  Quite  so,  but  in  doing  that  do  they  reduce  the 
time  of  standing  empty  or  do  they  reduce  the  time  of 
standing  full  ? — ^They  reduce  the  time  of  standing  empty ; 
they  reduce  the  time  of  aeration. 

3776.  Then  thdy  do  not  reduce  the  time  of  contact 
with  the  sewage  filter  ?-^No ;  it  was  the  time  of  aeration 
which  they  reduced. 

3777.  Then  have  they  been  able  to  come  to  any  definite 
conclusion  as  to  the  best  time  of  contact?  Have  they 
varied  their  experience  ?— That  I  do  not  undertake  to 
s^y  ;  I  do  not  really  know.  As  far  as  my  experiments 
are  concerned  I  found  that  the  best  result  was  when 
the^  ivere  resting. full,  20  per  cent.,  and  when  they  were 
aeratifig  60  per  cant ;  that  ia  what  I  found  to  answer 
best ;  but  that  as  far  as  the  contact  was  concerned  one 
hour's  contact  was  sufficient. 

3778.  Then  I  must  take  it,  Sir  Henry,  that  yon  have 
no.  personal  experience  of  experiments  of  longer  and 
shorter  contact? — No.  I  have  made  the  experiments 
which  I  have  stated  here,  namely,  that  we  found  the 
best  thing  we  could  do  was  to  aerate  for  60  per  cent, 
and  allow  it  to  rest  full  for  20  per  cent,  but,  as  I  have 
said,  one  hour's  contact  gave  us  purification,  so  that  we 
wer^  probably  in  excess  of  the  time  of  resting ;  <and  as  it 
appears  from  the  experiments  which  have  been  subse- 
quently made  that  they  were  able  to  put  on  four  fillings 
while  we  only  worked  with  three. 

3779.  Reducing  only  the  period  of  aeration  ! — ^Tes. 

3780.  (Professor  Foster.)  But  I  think  you  said  just  now 
it  was  taken  out  of  the  time  of  aeration,  and  did  not  affect 
i^e  time  of  contact  ? — Yes,  the  contact  is  the  same  and  the 
time  of  aeration,  as  I  think  I  said,  was  diminisiied. 

3781.  Mig^t  I  just  put  in  this  question.  Have  you 
made  any  observation  there  in  which  you  allowed  the  con- 
tact to  be  less  than  usual,  and  found  that  accompanied  by 
inferiority  in  your  filtrate  ? — ^We  found  that  one  hour  con- 
tact was  sufficient ;  that  the  difference  between  one  hour^s 
contact  and  two  hours'  contact  was  inappreciable 

3782.  Have  you  tried  half  an  hour  or  three-quarters  of 
an  hour  ?  The  filtrate  is  as  good  after  one  hour  as  it  is 
after  two  hours? — ^Yes. 

3783.  {Colonel  Hardiruf.)  Then  have  you  tried  an  ex- 
periment of  this  kind  :  When  the  filter  is  full  to  continue 
the  flow  for  some  time,  in  which  case  of  course  the  time 
of  contact  would  be  somewhat  reduced  ? — Of  course,  if  you 
continue  the  flow  up  to  a  certain  point  you  get  a  good  re- 
sult, but  when  you  go  on  beyond  a  certain  point,  then  of 
course  the  filter  begins  to  be  clogged,  and  begins  to  want 
aeration.  Ton  get  the  anaerobic  forms  coming  into  exist- 
ence, and  you  do  not  get  the  aerobic  ones,  so  that  you 
must  after  a  certain  time  bring  in  the  air. 

3784.  But  you  have  not  formed  an  opinion  as  to  the 
certain  time  ? — ^That  would  depend  upon  the  nature  of  the 
effluent,  the  nature  of  the  sewage,  and  upon  the  construe^ 
tion  of  the  filter. 

3785.  Then  just  two  questions  I  want  to  put  to  you, 
Sir  Henry.  One  is  in  regard  to  the  value  of  tests  for 
nitrates  in  an  effluent.  Do  I  understand  you  to  say  that 
in  your  opinion  testing  for  nitrates  was  of  no  value  beca  sa 
in  some  cases  you  had  found  that  considerable  purification 
in  the  filter  had  reduced  the  amount  of  nitrates  ? — ^I  do  not 
think  I  went  so  far  as  to  say  that  they  were  of  no  value. 
I  said  I  did  not  consider  them  to  be  of  essential  value  as 
some  do.  I  have  here  before  me  a  statement  which  I 
think  occurs  in  a  report  of  Mr.  Dibdin,  in  which  h^  finds 
a  perfectly  astounding  quantity  of  nitrates  in  the  filtrate, 
both  in  the  tank  effluent  and  in  the  filtrate,  and  no  doubt 
oases  of  that  sort  do  occur,  but,  as  I  stated,  the  effluent 
from  the  filters  which  I  have  chiefly  worked  with  do  not, 
as  a  rule,  show  nitrates  at  all,  and  it  is  only  when  they 
have  been  standing  some  time  exposed  to  the  air,  and 
when  the  first  flow  of  water  comes  on,  it  is  only  then  that 
we  can  even  detect  nitrates  as  a  rule. 

3786.  Would  the  presence  of  iron  liquor  in  a  sewage 
affect  the  amount  of  nitrates  in  an  effluent  ? — I  do  not 
know  that  it  would.  The  presence  of  iron  may  affect  the 
oxygen  determinations.  Of  oourse  if  the  iron  be  present 
m  the  ^te  of  ferrous  salt,  then  the  oxygen  result  will  be 
perfectly  wrong,  but  we  never  found  a  sewage  that  does 
contain  an  amount  of  iron  that  will  affect  the  result. 
But  I  do  not  think  that  the  presence  of  iron  aalta  wiU 
dffect  nitrification,  f(nr  where  we  have  used  iron  as  a 
precipitant  we  have  found  that  the  quantity  of  nitrates 
was  about  the  same  as  it  was  when  we  used  other  pr^ 
oipitants,  such  as  ahim. 

3787.  You  were  asked,  I  think,  by  Prolessorv  Bamsay 
And  Foster  something  about  the  possibility  of  differentiiir 


ting  as  to  the  kinds  and  conditions  of  organic  mattsr  in  an 
effluent.  Do  you  know  any  test  by  which  you  could  dif- 
ferentiate between  living  and  dead  matter  in  an  effluent? 
— ^Nbt  moi^  than  those  I  have  stated,  except  |>acteriologi- 
cally,  of  oouvse. 

5788.  {Chairman,)  There  is  only  one  question  that  1 
wanted  to  ask  you,  and  that  was  about  your  experiments 
ckt  Huddersfield  and  Pendlebury.  Those  I  understand  are 
being  conducted  without  using  precipitations  at  all? — 
Well,  we  are  making  some  experiments  at  Huddersfield 
with  the  view  of  seeing  how  far  it  is  possible  to  deal  witk 
the  sewage  as  it  comes  from  the  sewer  upon  contact  filter 
beds. 

3780.  Without  any  precipitation  ? — Without  any  pre- 
cipitation at  all ;  it  is  a  mere  experiment  for  the  purpose 
of  getting  to  know  something  about  it,  but  as  I  think  I 
mentioned  I  do  not  feel  at  aS  able  to  give  you  a  distinct 
opinion  upon  the  subject,  as  we  have  not  got  our  results 
sufficiently  elaborated.     At  the  present  it  has  not  gone  on 
for  a  sufficient  length  of  time.     You  see  what  may  answer 
very  well  with  a  fresh  filter  may  not  answer  at  all  with  » 
filter  that  has  been  at  work  for  a  twelvemonth,  and  it  is  no 
use  considering  a  method  of  treatment  which  is  not  of  a 
permanent  character.    Although  you  may  put  the  crude 
sewage  on  to  a  filter,  and  get  excellent  results  for  a  cerain 
length  of  time,  it  has  happened  over  and  over  again  in  the 
case  of  patented  filters,    and    patented    material,    that 
although  they  show  a  very  excellent  result  in  the  first  few 
months  after  a  whUe  they  become  absolutely  usele-s ;  the 
whole  thing  gets  plugged  up,  and  you  cannot  get  the  liquid 
through.     It  has  constantly  been  the  case,  and  many  of 
these  processes  which  have  been  vaunted  very  much  as 
being  excellent,  and  are  no  doubt  excellent  to  begin  with  ; 
but  the  question  is,  what  is  their  length  of  I'fe  ?    How  long 
will  they  last,  and  therefore  I  should  prefer  not  to  give 
you  any  details  upon  that  subject  for  a  while,  but  after  a 
time  I  hope  perhaps,  if  you  wish,  to  come  and  state  the  re- 
sults of  these  experiments. 

3790.  How  long  have  those  experiments  been  going  on  ? 
— About  six  months.  It  is  not  long  enough.  That  does 
not  apply  to  the  question  of  the  experiment  as  regards  fil- 
tration  from  a  tank  effluent.  What  I  have  said  now  only 
applies  to  the  question  of  fresh  sewage  brought  on  to  a 
filter.  About  that  I  do  not  intend  to  give  an  opinion  as 
to  the  question  of  whether  the  sewage  can  be  permanently 
treated  when  the  solids  are  not  deposited  either  by  mere 
subsidence  or  by  additional  chemical  treatment,  and 
brought  on  to  a  filter  as  crude  sewage.  There  I  feel  that 
we  have  not  evidence  enough  to  say  that  it  may  be  done. 

3791.  Are  you  prepared  to  say  that  a  tank  effluent  can 
be  satisfactorily  dealt  with  by  some  system  of  artificial 
filtration  ?— Yes,  I  am.  And  I  should  like  in  reference  to 
that.  Lord  Iddesleigh,  to  point  out  that  in  1806  I  recom- 
mended to  the  Corporation  of  Manchester  that  an  artificial 
filtration  area  of  filter  beds  composed  of  cinders  should  be 
carried  out,  which,  under  skilful  management,  ought  to 
be  able  to  deal  with  about  800,000  galbns  of  tank  effluent 
per  acre  per  day,  the  depth  of  filter  material  to  be  three 
feet  and  the  construction  of  them  to  be  the  same  as  the 
experimental  cinder  filter  about  which  I  have  spoken,  it 
being  of  course  understood  that  the  present  area  arranged 
for  land  filtration  shall  be  continued.  I  therefore,  in  189S 
— even  in  1895  so  confident  was  I  that  this  system  of  fil- 
tration through  cinders  after  subsidence  or  chemical  treat- 
ment would  be  effective  that  I  advised  the  Manchester 
Corporation  to  spend  £30,000  in  putting  down  four  acres 
of  such  filter  beds.  They  did  not  take  my  advice  ;  they 
will  have  to  do  it  now,  but  they  might  have  done  it,  if  I 
might  be  allowed  to  say  so,  if  they  had  followed  my  re- 
commendations now  four  years  ago,  they  would  in  that 
case  have  had  evidence  to  bring  before  you  whi(^  would 
have  been,  I  venture  to  think,  satisfactory.  They  would 
have  been  able  to  show  that  they  had  had  thirly  aeres  of 
filter  beds  of  this  kind  in  action  for  four  years,  and  they 
would  have  been  able  to  show  you  what  the  result  of  that 
action  up  to  the  present  moment  had  been.  They  did  not 
choose  to  do  that,  and  the  consequence  is  that  I  am  at  the 
present  time  unable  to  bring  bSIore  you  any  statement  of 
large  filter  areas  as  I  should  -have  been  able  to  if  that 
recommendation  had  been  followed  out. 

3792.  You  are  not  aware  of  any  large  artificial  filter  area 
that  is  in  existence? — Kone  which  is  really  satisfactorily 
working.  At  Huddersfield  they  had  p'lt  up  some  years 
ago  a  very  elaborate  and  expeQ^v<^ 'plant ;  ^  oonaidecsble 
ar^a  !s  cov^i^d'  by  filter  "beds,  but  they  cannot  get  any 
quahtit)r  of  effluent  out  of  them.  They  are  all  choked  up, 
and  the  consequence  is  they  do  not  get  their  effluent 
through.  That  was  a  particular  form  of  filtration  which 
as  I  have  said  before  answered  very  well  for  the  first  few 
months,  but  after  a  time  proved  to  be  perfectly  hkr 
efficient. 
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3Z03.  .But^heii  what  is  the  artifimAl  filter  bed  made  oC  9 
— ^That  is  what  is  known  as  a  substance  called  polarite. 

3794.  (Professor  Bamsay,)  What  is  polarite,  Sir 
Heniy  ? — Well,  it  is  yerj  difficult  to  tell  jou  what  it  ifl| 
because  thej  have  changed  it  about  from  one  thing  to 
another.  It  is  all  called  polarite  whatever  it  id  they  put 
in,  but  it  is  supposed  to  be  an  iron  oxide  ;  magnetic  oxide 
Bometimes  tbey  use,  and  sometimes  something  quite 
different. 


3706.  They  hare  another  material  called  magnetite ;  is        S^^ 
that  another  thing  ?— That  is  the  same  thing,  I  believe.  f.bST' 

3796.  (Sir  Bichard  Thome.)  What  is  the  new  material    *   -1- 
used  in  the  new  filtering  bed  at  Huddersfleld ?— Cinders.  ^^  J«o^M99. 

3797.  (Mojor-^feneral  Carey,)  The  result  of  your  ex- 
periments is  that  cindere  are  a  better  filtering  material 
than  coke  ? — I  am  rather  Inolined  to  think  so. 
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Mr.  WnxiAM  Josbph  Dibdix,  F.I.C,  F.O. 

3798.  (Chairman,)  There  are  only  one  or  two  ques- 
tions I  wanted  to  ask  you,  and  then  Professor  Bamsay 
will  conduct  the  cross-examination.  May  I  ask  whether 
70U  in  your  system  provide  a  screen  of  any  sort  for  the 
kludge '/ — Oh,  yes,  I  think  it  very  desirable  that  a  screen 
«hcidd  be  provided  to  catch  the  coarser  and  larger  par- 
ities in  the  sewage,  such  as  rags,  and  so  on.  ' 

3798*-  Have  you- had  any  actual  experience  of  your  filter 
in  severe  frost,  when  it  might  be  frozen  ? — Oh,  yes,  that 
was  carried  through  in  the  winter  of  four  years  ago,  when 
we  h»n\  the  severest  frost  of  the  century,  and  the  bede  at 
Barking  had  then  been  working  for  sc^nething  like  two 
years,  and  during  the  whole  of  that  frost  they  worked 
most  successfully  and  satisfactorily.  At  the  same  time, 
^similar  beds  were  at  work  at  ISuttcm,  so  that  we  had  the 
double  experience. 

3799.  And  the  beds  themselves  did  not  freeze? — 'So, 
there  was  merely  a  little  thin  film  of  ice  where  the  water 
bad  stood  jiM  a  little  above  the  surface :  but  the  frost 
did  not  get  into  the  bed. 

380C.  And  do  you  tiiink  the  frost  never  would  get  into 
the  bed  ? — ^Well,  I  can  only  speak  of  the  experience  we 
hare  had.  That  was  the  severest  winter  of  the  century, 
and  it  wa«  a  prolonged  frost  of  about  six  weeks. 

7£01.  Tber.  with  regard  to  storm  water,  do  you  allow 
all  that  to  go  through  that  filter? — ^Tee.  I  have  been 
mak^no:  special  experiments  upon  that  point,  and  I  have 
(prepared  h  tallc  givinsr  the  actual  quantity  of  work  done, 
and  the  results  of.  the  analyses  of  the  effluent  both  of  the 
atorm  water  and  also  of  the  effluent  afforded  by  the  beds 
after  the  beds  have  returned  to  their  normal  working  of 
intermittently  treating  crude  sewage,  and,  with  your  per* 
aiiasion,  I  propose  to  put  this  in.  Would  it  be  your 
pleasure  that  I  should  just  shortly  glance  through  the 
salient  features  of  the  table  ? 

3802.  Yes,  I  think  that  would  be  advantageous  ? — Well, 

I  have  the  experiments  at  two  places  ;  one  is  Worcester 

Park,  the  works  of  the  Cheam  and  Cuddington  Sewage 

Disposal  system,  which  were  only  recently  constructed. 

In  conseauence  of  the  intolerable  nuisance  obtaining  at 

these  works  last  summer,  double  beds — coarse  and  fine— 

were  put  down  at  once,  as  the  matter  was  urgent.      The 

total  cost  has  been  something  lees  than   £400.       The 

quantity  of  storm  water  coming  off  that  district  was  very 

large,  so  much,  so  that  it  was  estimated  that  the  water 

passing  through  only  two  pairs  of  the  seven  pairs  of  beds 

provided,  in  about  eight  hours,   was  equal  to  200,000 

gallons,  or  at  a  rate  of  2,100,000  gallons  per  day,  by  a 

plant  designed  for  treating  only  80,000  gallons  of  normal 

aewage.     The  result  showed  a  purification  on  the  average 

of  that  whole^  period  of  65  per  cent.  ;  that  ia  to  say,  66 

by  the  albuminoid  ammonia  test,  and  64  by  the  oxygen 

absorbed,  with  a  total  removal  of  matters  in  suspension. 

On  the  last  of  tlie  effluents,  that  is  at  the  end  of  tiie  eieht 

hours,  the  purification  was  75  and  71  per  cent,  respectively. 

and  those  were  with  comparatively  new  beds.       But  I 

had  a  similar  experience  with  the  old-established  beds  at 

Sutton,   and  on  November  27th  the  storm  water  was 

streamed  on  to  Nos.  2  and  3  beda.     I  may  explain  what 

I  mean  by  streamins;.     That  is«  the  beds  are  then  worked 

In  the  same  manner  as  that  in  which  a  water  company 

works  its  filteza.    The  water  stands  <m  the  top  of  the 

beds,  or  juat  level  with  the  top,  and  it  is  allowed  to  flow 
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S.,  etc.,  recalled  ;  and  further  ExaDiined^' 

out    only  'at    the ,  rate    at    which    it  ,  flows    in,     so 
that    there    is    no    special    rush    of    water    downward  ^t^J^i^' 
thrcugh  the  material  of  the  bed;    otherwise  it  would  yf^Jy^oj. 
act  merely  as  a  sieve,  and  you  would  get  no  quiet  sedi-       -^ 
mentation  taking  place.     But  where  the  whole  body  of  mJ*P'1M>' 

the  bed  is  allow^  U>  come^  into-j^ay  -by-t^e-wateF-slowlf 

finding  its  way  down  from  the  top  lo  the  bottom,  and 
into  the  undeirdrains,  you  then  get  the.  maximum  effect 
of  Uie  beds  used  in  this  case  as  ordOmary  mters,  the  sewage 
matters  deposited  in  them  being  destroyed  in  the  course 
of  time  by  the  bacterial,  action,  s»-.that  streaming  — . 
means  working  the  beds  as  water  companies  work  their 
filterfi  with  water  standing  on  the  top,  and  only  draining 
away  as  fast  as  you  put  it  om  The  Quantity  of  sewage 
and  storm  water  placed  upon  these  beds  during  the  nine 
hours — the  duration  of  that  storm  was  nine  hours — was 
104,160  gallons  per  bed,  equaa  to  206,320  gallons  for  the 
two,  and  the  purification  per  cent,  'by  the  albuminoid 
ammonia  was* 72  per  cent.,  by  the  oxygen  absorbed  63 

Scr  cent,  on  the  last  of  the  flow.  On  the  average  of  the 
ow  it  was  29  and  27,  showing  that  in  this  particular 
case  we  did  not  get  quite  as  gocNd  a  result  as  we  have  in 
others.  But  at  aU  events,  take  it  as  storm  water,  a  purl* 
fication  of  about  30  per  cent.,  plus  the  removal  of  the 
whole  of  tha  suspenaed  matten,  I  think,  must  -not  be 
taken  as  a  bad  result  Then,  on  November  28th,  the 
expcriii^ent  lasted  from  7.30  a.m.  to  1.50  a.m.  ;  the  Noe. 
2  and  3  beds  were  used,  and  in  nine  hours  and  fortiy-five 
minutes  each  bod  treated  161,460  gallons,  so  that  these 
two  treated  323,000  nearly.  The  purification  on  tbe 
average  of  the  whole  period  was  59  and  63  per  cent  by 
tlie  albuminoid  ammonia  and  oxygen  absorbed  respec- 
tively, and  during  the  last  hour  of  the  flow  the  purification 
was  81  and  71  respectively.  On  December  7th,  from  2  to  8 
D.m.,  similar  experiments  were  made  on  Nos.  2  and  3 
beds,  and  during  the  twelve  hours  each  bed  i  passed 
198,720  gallons.  The  purification  was  58  and  55  per  cent, 
respectively,  and  during  the  last  hour  was  63  and  64. 
After  December  7th  the  beds  returned  to  their  nonnal 
intermittent  working  as  usual,  and  on  December  9th,  at 
8.5  a.m.,  samples  were  taken—K)f  course,  care  being  taken 
that  the  samples  of  the  effluent  corresponded  with  those 
of  the  sewage.  For  instance,  tha  sewage  was  sampled  at 
8.5  a.m.,  the  coarse  bed  effluent  at  11.30  p.m.,  and  the 
fine  bed  effluent  at  2  p.m.,  so  that  the  fini^  effluent  would 
correspond  with  the  orude  sewage,  and  the  purification 
shown  by  the  albuminoid  ammonia  is  83  per  cent.,  and  . 
by  the  oxygon  absorbed  77  per  cent.  Summing  up  these  , 
various  points,  we  have  an  average  purification  of^the 
storm  water  by  the  oxygen  absorbed  factor  of  54  per  cent., 
and  by  the  albuminoid  ammonia  of  53  per  cent.,  plus  sus- 
pended matter  100  per  cent.  After  doing  this  work,  the 
beds  on  return  to  intermittent  working  gave  a  purifica- 
tion of  77  per  cent,  and  83  per  cent  respectively,  and  of 
"  suspended  matters  "  100  per  cent.  a  *iat  experience,  I 
venture  to  think,  will  be  of  interest  to  the  Commission  aa 
showing  what  the  beds  are  capable  of  dointj;  in  the  case 
of  storm  water.  It  is  not  the  first  time  that  the  beds 
have  been  worked  in  this  way,  but  it  is  the  first  time  ott 
which  such  very  careful  examinations  have  been  made  with 
regard  to  the  quantity  and  quality.  I  have  to  thank 
Geneial  Carey  for  kiniUy  auggestinsr  to  me  the  trreat  imr 
portance  of  this  point,  and  in  accordance  with  his  suggea* 
tion  I  have  prepared  thia  table  for  the  information  of  the 
Commission. 
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TABLE  OF  RESULTS  OF  ANALYSES  OF 
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Remarks.— Estimated  Quantity  200,000  gallons,  through  two  (2)  pairs  of  beds  out  of  seven  (7)  pairs  =  700,000  galloni 


SUTTON,  SURREY. 


1896: 
27  November 
4.0  to  10.0  p^m. 


8 


FAlk 


11-2 


4-2 


0-41 


0-66    '     3-10 


14*2 


11 '8 


82-8 


Average  of  No.  2  Bed, 


S 


FAlk 


11-6 


4-87 


0-40 


0*61 


2*86 


No.  2  Bed,  10.15  to  ll.O  p.m 


C&B 


NU 


FAlk 


8-6 


2-7S 


0-12 


0*28 


1-02 
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After  doing  this  work  the  Beds  on  return  to  Intermittent  working  gave  a  purification  of 
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Organic  C.  and  N.,  which  are  stated  in  parts  per  100,000. 
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54  per  cent ;  Albuminoid  Ammonia,  68  per  cent. ;  and  by  the  Suspended  Mattera  100  per  cent. 
77  per  cent,  and  83  per  cent,  respectively,  and  of  "  Suspended  Mattera  "  100  per  cent. 
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Mr.  w.  J.       3803.  Then,  practically,  you  allow  the  whole  of  the 

^^*<**»*»     fltomi  water  to  go  over  the  whole  of  the. filters? — Yes. 
P.I.O.,  p.aa.  * 

•3804.  And  you  do  not  find  the  filter  the  worse  for  it? 

— No,  the  point  being — ^you  should  clearly  have  that  in 

mind — that,  although  you  ^ut  more  waier  i^rough  the 

beds,  you  do  not  put  more  sewage.     It  is  the  amount  of 

on^anic  matter  to  be  destroyed,  and  not  the  mere  quantity 

of  water ;  in  fact,  the  more  water  that  it  is  dissolved  in 

the  better  it  will  be.     Perhaps,  sir,  it  might  save  time  if 

I  put  in  one  other  table,  which  I  think  would  be  of  some 

use,  and  that  is  a  very  full  statement  of  the  actual 

cr-pacities  of  the  beds  from  time  to  time ;  not  only  their 

actual  water  capacity,  buib  I  have  also  calculated  out 

what  would  be  the  working  capadties  of  the  bed  per 

acre,  on  the  assumption  that  it  may  be  filled  once,  twice. 


or  thrice  a  day.  Then  I  give  the  period  during  which  the 
beds  have  been  at  work — the  total  number  of  days — and 
the  times  which  they  have  been  filled,  the  average  rate  of 
filling,  and  the  total  days  which  they  have  rested  empty, 
and  the  percentaga  Then  I  have  also  some  interesting 
facts  as  to  thj  average  water  capacity  of  the  beds,  on  the 
assumption  that  thei*  are  one-acre  beds,  because  one  acre 
is  a  very  good  unit  to  take,  and  the  total  sewage  Ideated 
— ^the  average  quantity  treated  per  acre  per  day,  including 
rest  periods,  and  the  total  work  done.  Shall  I  just  run 
throtigh  some  of  the  condusions  of  this,  or  shall  I  hand 
the  table  in  ? 

3805.  Perhaps  you  will  hand  the  table  in  ?— It  will  save 
time.  I  may  point  out  that,  as  an  actual  fact,  the  average 
per  acre  per  day  treated  on  all  the  beds  is  equal  to  721,059 
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Coarse  Grain  Beds. 


Capacity  of. 


Date  of 

Measurement 

of 

Water  Capacity. 


No.  1    - 

August  22nd,  1897  - 
October  6tb,  1898  - 
November  27th,  1898 
^December  5th,  1898 
January  11th,  1899  - 

No.  2   - 

June  3rd,  1897 
October  13th,  1898  - 
November  30th,  1898 

No.  3  - 

July  23rd,  1897 
October  12th,  1898  - 
December  3rd,  1898 
January  7th,  1899 


No.  4   - 

AprU  30th,.  1898 
October  11th,  1898  - 
December  5th,  1898 
January  10th,  1899  • 

Average 


Area. 


Depth. 


Cubic  Capacity  in 
Cubic  Feet. 


Water. 


Filtering 
Material. 


Sup.  Yds. 


186 


186 


Ft.  Ins, 


5 


2,796 
1,054 
1,132 
1,528 
1,246 


186 


.  I 


186 


2,480 
1,213 
1,053 


2,720 

1,496 

1,475 

tl,643 


2,880 
2,261 
2,735 
2,5/0 


6,011 
7,753 
7,675 
7,279 
7,561 


6,327 
7,594 
7,754 


6,087 
7,311 
7,332 
7,164 


5,927 
6,546 
6,082 
6,237 


Total. 


8,807 
8,807 
8,807 
8,807 
8,807 


8,807 
8,807 
8,807 


8,807 
8,807 
8,807 
8,807 


8,807 
8,807 
8,807 
8,807 


Percentage. 


W^orking  Capacity  in  Gallons 

per  Acre  per  Day. 

Fillings  Daily. 


Water. 


32 
12 
13 

17i 
14 


72 

86i 

88 


69 
83 

83 
81i 


Filtering 
Material. 


32i 
25i 
31 
29i 


21J 


1. 


68 

88 

87 

82i 

86 


28 

13^ 

12 


31 
17 
17 

18i 


457,378 
171,518 
185,811 
250,129 
200,104 


400,206 
192,957 
171,518 


443,085 
242,983 
242,983 
264,422 


2. 


914,756 
342,036 
371,622 
600,258 
400,208 


800,412 
385,914 
342,036 


67i 
74J 
69 
70f 


468,097 
364,473 
443,085 
418,072 


307,301 


886,170 
485,966 
485,966 
528,844 


1,372,134 
514,554 
557,433 
750,487 
600,312 


1,200,618 
578,871 
514,554 


936,194 
728,946 
886,170 
836,144 


614,602 


1,329,255 
728,949 
728,949 
793,266 


1,404,291 
1,093,419 
1,329,255 
1,254,216 


921,903 


*  After  one  week's  rest. 

t  January  14th,  1899.     After  one  week's  rest,  2,098  cubic  feet. 


gallons.  I  am.  speaking  of  the  coarse  beds.  The  fine 
beds  will  do  more.  The  total  actually  treated  on  all  the 
beds  is  91,000,000  gallons.  Some  of  the  beds  have  been 
at  work  two  and  a  quarter  years,  and  others  only  about 
nine  months,  but  I  think  that  will  afford  some  valuable 
<1ata  for  the  Commission. 

3806.  (Professor  Bamsay.)  I  suppose  you  would  claim 
that  the  chief  difference  between  your  filters  and  others 
is  that  you  allow  the  sewage  to  stay  in  contact  with  the 
filtering  material  for  some  time,  and  then  run  off,  whereas 
in  others  it  is  run  off  at  once  ? — Yes,  decidedly.  It  is  a  dis- 
tinct departure  from  the  ordinaiy  method  of  working  in 


that  the  sewage  is  allowed  to  remain  in  contact  with  the 
beds  for  a  certain  period — ^fcwo  hours  we  have  found  to  be 
a  fair  average. 

3807.  Do  you  think  there  is  an  advantage  in  that  system 
over  what  one  may  call  trickling  through  the  bedsf — We 
have  found  it  so.  In  the  case  of  No.  2  bed,  that  was  con- 
structed in  the  ordinary  way  of  a  stratified  filter-bed,  and 
we  had  a  series  of  troughs  across  the  top  of  the  bed  so  aa 
to  distribute  the  sewaee  as  much  as  we  possibly  could ; 
and  we  ran  the  bed  at  different  rates,  and  we  had 
the  same  sewage  side  by  side  in  the  next  tank  with 
the  simple  unstratified  bed,  and  we  found  that  where 
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the  unstratified  bed  continued  to  work  satisfactorily  the 
amount  of  work  that  we  could  get  through  a  stratified  bed 
and  a  slow  constant  trickling  was  very  much  leas.  It  wtt9 
so  much  80  that  they  re-arranged  the  bed  and  went  back 
to  the  ordinary  No.  1  system  as  we  call  it. 

3808.  Then  another  adTantage,  which  I  suppose  you 
would  claim  is  that  there  is  no  special  preparation  in  the 
way  of  mason  work? — Many  of  the  beds  at  Sutton— the 
first  ones  we  put  down — are  simply  holes  in  the  clay 
with  a  sloping  boiiiom,  underdraws  put  in,  and  then 
the  burned  clay  put  back,  or  it  may  be  stones  or  any  oon- 
Tenient  rough  material  of  that  kind  and  bricks  or  what 
not. 

3809.  Thereby  there  is  a  great  saying  of  initial  expense  ? 
— ^At  Worcester  Park  there  is  an  installation  ju&ib  com- 


pleted at  a  cost,  I  cannot  tell  exactly  what  it  will  be, 
but  it  will  be,  I  think,  about  £350  or  £360  for  treating 
100,000  gallons  of  sewage  a  day. 

3810.  It  is  very  much  less  than  what  would  be  if  the 
mason  work  were  required  ? — ^If  the  mason  work  were  put 
in  probably  the  cost  would  be  £1,000  or  £2,000,  accord- 
lag  to  what  was  necessary,  but  it  is  simply  a  hole  in  the 
clay,  that  ia  all. 

3811.  Then,  coming  to  the  question  of  sludge,  you  do, 
I  think,  take  off  the  lairge  particles  ;  you  stop  them  with 
a  giating,  do  you  notf—Alb  Sutton  the  quantity  taken 
out  of  the  sewage  is  twelve  bairow-loa^  per  day  on 
400,000  gallons  of  sewage.  That  you  may  take  as  being 
thirty  barrow-loads  per  million  gulons,  and  that  is  with, 
a  string  separate  system  sewage.    With  a  weaker  sewage 


Mr.  W.  J. 

Dibdin, 

F.i.c,  F.O.S 

18  Jan.  1899. 
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Bed  No.  1, — Original  Coarse  Bed. 

2. — Mixed  Fine  and  Coarse  Bed,  Stratified. 
3. — Same  as  Original  Coarse  Bed. 
4.— Ditto      -        -      ditto. 


Date  when  Bed 
started. 


Number  of 

Days  to 

January 

10th. 


Number  of 
Times  FiUed. 

Total  to 

and  including 

January  12th, 

1899. 


Number  of  Days 
Rested  Empty 
to  and  including^ 
January  12th,  1899. 


Total. 


Observations. 


November  2l8t,  1896 


780 


1,723 

Average    per 
day=2'2. 


June  3rd,  1897 

(On  intermittent 
system.) 


58*; 


1,259 

Average    per 
day=2-l. 


July  23rd,  1897 


536 


1,172 

Average   per 
day=2-2. 


April  30th,  1898 


255 


679 

Average   per 
day =2-7. 


47 


70 


63 


60 


11-9 


11-7 


17 


6-7 


Average  water  capacity  per  acre     - 

Total  sewage  treated  per  acre 

Average  quantity  treated  per  acre 
per  day,  inclnaing  rest  periods    • 


Gallons. 
252,986 

436,000,000 
558,840 


Average  water  capacity  per  acre    - 

Total  sewage  treated  per  acre 

Average  quantity  treated  per  acre 
per  day,  incluaing  rest  periods    - 


Average  water  capacity  per  acre    - 

Total  sewage  treated  per  acre 

Average  quantity  treated  per  acre 
per  day,  including  rest  periods    • 


GallonM. 
254,415 

320,000,000 
545,670 

Gallons. 
298,726 

350,000,000 
653,184 


Average  water  capacity  per  acre    • 

Total  sewage  treated  per  acre 

Averaee  quantity  treated  per  acre 
per  day,  incluaing  rest  periods    - 


Gallons. 
423,075 

287,000,000 
1,126,540 


Average  per  acre  per  day  actually 
treated  on  all  beds 

Total  actually  treated  on  all  four 
(4)  beds 


Gallons. 
721,059 

91,000,000 


Considering  No.  1  Bed  only  (which  has  been  worked  the  longest  and  the  hardest),  since  each  gallon  of  the  sewage 
contained  60  grains  of  "  suspended  matters,"  the  sludge  of  90  %  moisture  disposed  of  amounts  to  7,800  tons  per  acre  per 
annum,  equal  to  an  area  of  1  acre  covered  to  a  depth  of  6  feet. 


containing  surface  and  subsoil  Tjater,  the  quantity  would 
be  very  much  less,  but  as  an  absolute  fact  at  Sutton  it 
does  average  thirty  barrow-loads  per  million  gallons. 
Thft  is  so  small  that  it  hardly  counts  in  the  men's 
time ;  they  simply  wheel  it  away  into  a  trench,  cover  it 
over,  and  use  it  in  the  garden  for  growing  cabbages.  It 
is  buried  there  at  once ;  there  is  no  trouble  with  it. 

3812.  The  filters  dispose  of  all  the  other  solid  matter  ? 
— AU  the  rest,  without  exception,  has  gone  on  to  these 
beds  and  been  treated. 

3813.  You  find  no  appreciable  blocking  of  the  filters? 
-There  is  a  variation  according  to  the  rate  of  work. 

1213. 


This  bed,  bed  No.  1,  has  been  continuously  at  work  with 
only  6  per  cent,  of  the  days  at  rest,  since  November  21, 
1896.  Call  that  two  and  a  quarter  years  roughlv.  I  have 
this  footnote :  *'  Considering  No.  1  bed  only  (which  hF-- 
been  worked  the  longest)  since  each  gallon  of  the  sewage 
contained  60  grains  of  'suspended  matters'  the  sludge  of 
90  per  cent,  moisture  disposed  of  amounts  to  7,800  tons 
per  acre  per  annum,  equal  to  an  area  of  one  acre  covered 
to  a  depth  of  six  feet"  That  is  the  work— the  actual  work 
— ^that  has  been  done  by  that  bed  ;  the  water  capacity  of 
the  bed — the  actual  water  capacity — ^is  200,000  gallons  per 
acre  per  day.     When  it  is  filled  at  the  rate    of    three 
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Mr.  W  J.   tiiiings,    afl    it    veiy    often    is,     that    would    give    us 
Dibdin,     a  Working  capacity  of  600,000  gallons  per  acre  per  day. 
f.i.Cm^cs.  j^^  that  bed,  I  may  point  out,  has  had  exceptionally  hard 
i8Jiu).i899.  wear  in  consequence  of  something   like  3,000  or  4,000 
gentlemen  visiting  the  works  in  tne  wuy  of  deputations, 
and  most  of  them  like  to  have  the  bed  tumea  over  anct 
walk  upon  it.     But  at  all  events,  it  has  had  rcry  luizd 
work,  and  its  working  capacity  now  is  600,000  gallons  per 
acre  per  day.     The  percentage  water  capacity  or  the  i't;^ 
has  varied.     It  commenced  with  32  per  cent. ;  that  is  to 
say,  it  would  hold  38  of  water  to  68  of  the  solid  filter 
material,  the  100  being  the  total  capacity  of  the  bed.    xt 
commenced  November  21,  1896.    On  Aguust  22,  1807, 
the  water  capaoity  was  32  per  cent. ;  on  October  6bh,  1898, 
the  water  capacity — ^nearly  two  years  after  we  had  started 
-^had  fallen  to  12  per  cent. ;  on  NoT-ember27,  1896,  xthad 
risen  to  13  per  cent.  ;  on  December  5,  after  a  week's  rest, 
it  rose   to   17jr  per  cent  ;  on  January   11   it   was  14. 
Similarly  I  have  a  statement  for  each  of  the  other  beds, 
the  average  of  the  whole  being  21^  per  cent.      Tou  see 
they  vary  from  32  to  12.    Twelve  was  the  lowest  of  those 
two  beds.     No.  2  should  be  put  out  of  account,  becaiiBe, 
as  I  have  marked  it,  it  was  a  stratified  bed,  but  No.  1  was 
the  hardest  worked,  and  still,  after  two  and  arquarter  years 
work,  it  is  doing  good  work,  and  supposing,  for  the  sake 
of  argument,  it  was  desired  to  increase  the  working  capa- 
city of  that  bed,  we  should  simply  have  to  lift  out  and  put 
on  one  side  the  coarse  material  so  as  to  separate  it  from 
the  fine  and  throw  out  the  fine  material,  and  put  a  little 
more  coarse  in,  and  it  would  be  a  new  bed.       But  as  a 
matter  of  fact  it  is  still  giving  excellent  results ;  it  is  still 
in  working  order,  and  it  shows  that  after  over  two  years' 
work  by  a  week's  rest  it  rose  from  13  to  17^  per  cent., 
and  if  we  had  given  it  a  longer  rest  it  would  have  risen 
to  its  original  capacity  I  have  no  doubt. 

3814.  Do  you  think  so  1 — Oh,  I  have  no  doubt. 

3815.  Would  it  not  be  very  desirable  to  prove  that? — 
It  would  be  very  desirable,  and  we  at  Sutton  are  hoping 
to  complete  the  installation  with  a  view  expressly  to  be 
able  to  put  these  beds  out  of  work,  but  unfortunately  our 
application  for  a  loan  is  still  in  abeyance,  and  we  are 
obliged  to  go  on  working  those  as  hard  as  we  can  in  order 
to  satisfy  the  Thames  Conservancy,  because  before  we 
were  not,  and  since  we  have  had  these  beds  we  have  been 
able  to  satisfy  them,  and  we  are  obliged  to  go  on  driving 
these  as  hard  as  we  can  until  we  get  our  new  beds  ready, 
but  as  soon  as  we  get  our  new  beds  ready  then  we  shall 
be  only  too  happy  to  place  these  entirely  at  the  disposal 
of  tiie  Oommission  or  ourselves  to  make  any  experiments 
the  Commission  suggest.  I  should  like  to  put  No.  1  bed 
out  of  accoimt  absolutely,  and  note  the  time  that  it  did 
recover  on  the  principle  of  a  field  lying  fallow  for  a  time, 
and  I  have  not  the  slightest  doubt  of  the  result. 

3816.  The  recovery,  of  course,  wou'd  merely  mean  the 
removal  of  organic  material,  not  inorganic  material  ? — ^But 
I  do  not  think  we  have  much  inorganic  material  in  our 
case,  because  there  is  no  road  deposit  to  speak  of. 

3817.  In  three  years  ? — It  is  a  chalky  soil ;  any  chalk 
would  be  carried  off  by  the  carbonic  acid.  Boa:l  grit, 
•cinders,  and  coal  dust,  and  so  on,  you  hive  to  fear. 

3818.  That  would  not  be  the  caae  everywhere  ;  it  may 
be  so  at  Sintton? — ^At  Sutton  we  have  had  no  grit 
chamber ;  everything  has  gone  on  to  the  beds,  but  I  am 
perfectly  satisfied  that  it  would  be  most  desirable  ;  in  fact, 
in  all  places  where  I  have  the  honour  of  being  consulted, 
1  advise  that  there  should  be  an  intercepting  chamber  to 
take  coal,  cinders,  etc.  In  one  case  I  found  a  considerable 
quantity  of  small  coals  coming  down.  I  believe  it  arose 
from  a  coal  washing  machine  beinff  used,  and  the  water 
discharging  into  the  sewers.  The  road  drift  and  the 
•coarser  sewage  matters  might  easily  be  kept  out  hy  a  grit 
chamber  and  screen,  which  would  save  the  beds.  Bu^ 
even  supposing  that  at  the  end  of  four  or  five  years  it 
was  necessary  to  resuscitate  the  beds  it  merely  means 
separating  the  coarse  from  the  fine,  and  throwing  out  thf* 
fine  material  and  going  on  again  with  the  beds  in  goorl 
•condition. 

3819.  In  the  worst  possible  view,  would  it  mean  re- 
making the  beds  every  three  to  five  years  ? — ^The  time  in 
uncertain.  It  merely  means  rearranging  the  beds',  nc^ing 
to  do  with  the  underdrains,  sides,  or  excavations ;  it  is 
merely  going  over  the  stuff  with  a  fork  like  lifting  potatoes 
out  <k  the  ground,  throwing  the  fine  stuff  aside,  and 
letting  the  coarse  remain,  so  that  the  aotual  cok^ 
of  doing  this  would  be  only  6d.  a  yard,  aiid 
would  not  be  a  very  material  thing.  But  I  may  remind 
you,  sir,  that  ihe  expense  of  that  would  b«  large iv 
mitigated  if  we  had  adopted  a  grit  chamber  and  proper 


screens  in  this  the  first  instance.  Of  course  it  was  only 
an  experimental  thing.  The  preliminary  grit  chamber  is 
now  used  in  addition  to  the  screen  or  combined  with  the 
screen.  That  in  every  case  I  think  is  desirable,  as  tend- 
ing to  increase  the  life  of  the  beds  and  to  keep  their  capa- 
city up  to  a  working  rate — a  full  working  rate. 

3820.  {Professor  Foster.)  Tou  separate  the  small  by 
screening — ^the  fine  from  the  large  by  screening? — Yes; 
or  in  filHng  a  bed  first  of  all  we  do  not  even  take  the 
trouble  to  screen  it 

3821.  I  mean  in  renewing  your  bed? — In  renewing  ou: 
bed,  yes. 

3822.  You  speak  of  casting  up  the  fine? — ^Well,  they 
could  do  it  by  separating  the  coarse,  by  using  wide-tined 
forks,  as  in  filling  a  bed  in  the  first  instance  we  do  not 
find  it  necessary  to  regularly  screen  it  off.  You  have  a 
heap  of  burnt  ballaet,  and  as  the  men  work  at  that  the 
coarse  stuff  rolls  down  and  collects,  separates  from  the 
fine,  and  they  have  merely  to  lift  that  by  the  fork,  and 
they  have  the  screening  done  mechanically ;  the  fine  is 
simply  put  aside. 

3823.  (Professor  Ramsay.)  I  should  Uke  to  ask  you 
some  questions  as  regards  analytical  problems,  Mr. 
Dibdin,  if  you  do  not  mind  ? — ^If  you  please. 

3824.  One  as  regards  the  oxygen-absorbed  test;  I 
notice  that  you  take  it  at  once — ^that  is  to  say,  the  action 
of  permanganate  at  once  upon  the  sewage  ? — Yes. 

3825.  And  then  after  being  heated  for  four  hours  at 
80°  Fahr.  ?— Yes. 

3826.  Others  take  a  different  standard,  taking  it  after 
some  minutes,  instead  of  at  once,  and  let  the  temperature 
bo  the  atmospheric  one  of  60°  Fahr.  ? — ^Yes. 

3827.  The  result  is  that  you  jget  different  numbers 
expressing  oxygen  absorbed  ?-— That  is  one  of  the  incon- 
veniences of  the  oxygen-absorbed  method.  The  method 
I  have  employed  for  sewage  work  is,  eo  far  as  the  four 
hours  is  concerned,  that  employed  by  the  Society  of 
Public  Analysts,  but  in  the  course  of  very  prolonged 
exTiciieuce  in  this  question,  I  found  there  was  no  parti- 
cular advantage  in  allowing  sewage  to  stand  for  fifteen 
ininutes  ;  I  mean,  you  get  a  different  result,  but  no  prac- 
tical advantage  is  obtained  by  allowing  it  to  stand  fifteen 
minutes  before  completing  the  short  period  test.  I  allow 
the  sample  to  take  as  much  oxvgen.  as  it  will  take  up  in 
a  few  minutes  until  it  holds  tlie  colour  of  the  perman- 
gaiiate  ;  it  may  be  ten  or  fifteen  minutes  before  you 
arrive  at  that  point,  putting  it  in  slowly  and  carefully, 
but  the  actual  period  of  fifteen  minutes  I  found  to  be  no 
advantage,  and  we  use  instead  the  term  oxygen  ab- 
sorbed at  once  on  the  assumption  that  whatever  oxygen  is 
absorbed  is  taken  up  by  matters  such  as  ferrous  salt,  or 
something  of  that  kind. 

3828.  But,  of  course,  you  would  regard  it  as  very  much 
to  be  desired  that  different  chemists  should  employ  the 
same  process  in  order  to  arrive  at  comparable  results  ? — If 
this  Commission  will  bring  about  such  a  result  it  will 
deserve  the  thanks  of  the  profession   I  am  sure. 

3829.  Do  you  regard  the  results  as  substantially  differ. 
xrm  from  each  other ;  I  do  not  mean  in  amount,  but  in 
the  conclusions  you  can  draw  from  them.     Supposing  Mr. 
Scudder,  for  instance^  takes  the  other  plan  of  the  fifteen 
minutes,  and  the  four  hours,  and  60°  Fahr.,  do  you  think 
that  his  final  conclusions  would  differ  from  yours  ? — ^I  do 
not  think  that  the  final  conclusions  in  regard  to  the  sewage 
question  would  differ  in  the  slightest  degree,  but  on  indivi- 
dual samples  you  might  have  differences,  but  not  ones  of 
importance.      For  instance,  the  object  of  this  test  is  to 
ascertain  whether  there  were  any  matters  in  the  sewage 
other  than  organic  matter  which  would  take  up  oxygen, 
and  so  tend  to  show  that  the  true  organic  matter  was 
greater   than  it  really   was;    that   is   to   say,  if    you 
had  some  salts  like  ferrous  sulphate,  then  the  short  period 
test  would  indicate  the  amount  of  oxygen  abaorbed  by       | 
that ;  then  the  difference  between  the  short  period  test      / 
and  the  long  period  test  would  be  the  amount  of  oxygen     / 
absorbed  by  the  organic  mattei-,  and  my  general  experi- 
ence  indines  me  to  tiiink  that  it  is  not  a  matter  of  moment 
whether  the  short  period  test  is  two,  four,  five,  or  ten 
minutes,  or  fifteen  minutes  ;  that  is  to  sav.  you  give  it 
what  it  will  practically  take  up  at  once.     In  the  case  o^    I 
water,  pure  waters,  drinking  waters,  the  fifteen  minutes  ^    a 
regularly  adhered  to  for  the  sake  of  uniformity,  but  ^    jn 
the  case  of  sewage  work  we  have  not  found  it  necessar®   y. 
Where  you  are  doing  a  large  amount  of  work,  it  entail^^   g\ 
considerable  amount  of  extra  work,  and  I  saw  no  advO^<^  in- 
take, as 

3830.  Then,  to  put  it  shortly,  a  sewage  condemnec^  :  ^  ^x 

with 
^here 


MINUTES  OF  EVIDENCE. 


229 


.anyone  using  the  other  process  would  albo  be  condemned 
by  you  ? — Oh !  clearly  ;  certainly.     You  may  take  it  with 
our  test,  that  it  extends  over,  sometimes  iiye,  six,  or  seven 
minutes,  maybe  more. 

^^851.  Do  your  analyses  relate  to  clear  or  filtered  sewage, 
or  to  the  sewage  with  sediment  in  it  ? — I  have  always  held 
that  water — it  does  not  matter,  sewage  water  or  effluent — 
.a  8ample  of  water,  clean  or  dirty,  should  be  examined  with 
the  view  to  ascertain  the  actual  constituents  in  it,  and 
to  take  solid  particles  of  matter,  and  to  state  those  in 
terms  of  oxygen  absorbed,  or  of  organic  carbon,  or  nitro- 
4{en,  or  albuminoid  ammonia,  or  what  not,  is  really  show- 
ing; something  which,  although  true  in  a  way,  is  some- 
what misleadmg  to  my  mind.  If  you  can  say  this  sample 
<:ontains  so  many  grains  of  solid  matter  in  suspension, 
■SLiid  if  you  can  differentiate  what  that  is,  all  the  better, 
you  take  that  by  itself  for  what  it  is  worth,  and  you 
^ive  a  factor  which  people  can  understand.  Then  you 
take  what  is  left,  the  matters  in  solution,  and  you  say  the 
matters  in  solution  have  such  and  such  a  character,  and 
as  near  as  we  can  possibly  get  to  them  we  can  say  what 
Uiey  are  ;  but  to  take  the  whole  of  your  matters  in  sus- 
pension, chum  them  up  with  the  matters  in  solution,  and 
then  to  state  the  result  in  some  factor  which  only  the 
initiated  can  follow  and  understand  the  bearing  of,  seems 
to  me  to  be  an  unnecessary  complication,  and  moreover  a 
Tery  mistaken  one,  as  it  does  not  state  as  near  as  we  can 
the  actual  character  of  the  sample  submitted  to  us.  But 
if  you  say  so  much  suspended  matter,  and  you  can  divide 
'it  into  organic  and  mineral  matter,  good  ;  but  as  to  the 
matters  m  solution,  we  cannot  say  what  their  actual  con- 
,  -fltitucnts  are,  but  we  can  only  measure  them  inferentially 
l)y  saying  that  on  treatment  in  a  retort  with  certain 
<hemicals  we  get  a  certain  result,  or  on  heating  them  in 
a  tube  we  get  so  much  nitrogen  or  carbon,  or  submitting 
them  to  the  action  of  permanganate  so  much  oxygen  ab- 
^aorbed,  convenient  factors,  but  not  telling  you  actually 


v/hat  the  actual  quantity  of  organic  matter  or  other  matter   Mr.  w.  J, 
is,  and  therefore  I  have  always  held,  and  in  all  my  pub-     Dibdin, 
lifched  analyses  I  have  always  separated  suspended  from  ''^'°'*  ^'^'^ 
the  dissolved  matters,  and  m  that  I  believe  I  have  the  18  Jan.  1899. 
support  of  many  of  the  heads  of  the  profession.  

3832.  But  this  plan  of  yours  is  not  universal? — I  am 
sorry  to  say  it  is  not  universal. 

3833.  It  creates  a  great  difficulty  in  comparison,  does 
it  not? — ^It  is  not  universal.  The  system  of  including  the 
suspended  matters  in  an  analysis  of  a  sewage  was  intro- 
duced, I  have  Reason  for  thinking,  with  a  view  to  showing 
what  a  wonderfully  high  percentage  of  purification  could 
be  obtained  by  certain  methods.  In  the  old  days  of 
chemical  precipitation  it  was  a  common  thing  to  shake  up 
the  sample  of  sewage,  to  submit  the  whole  thing  with  all 
the  suspended  mstters  to,  we  will  say,  the  albuminoid 
ajnmonia  test,  split  up  the  matters  in  suspension  into 
matters  in  solution,  as  far  as  possible,  and  to  estimate 
the  total  quantity  of  impurity  obtained  from  them. 
Naturally,  if  that  process  were  repeated  upon  an  effluent 
obtained  either  by  chemical  precipitation  by  this,  that, 
or  the  other  process,  or  by  a  method  of  sedimentalaon, 
you  would  get  a  very  high  percentage  of  purification,  and 
it  was  stated  in  some  cases — I  am  speakmg  of  years  ago 
now — ^that  this  wonderful  purification  was  effected  by  tha 
marvellous  agency  of  the  chemicals  put  into  the  sewage, 
and  it  was  used  in  my  opinion  as  a  misnomer,  as  a  similar  • 
purification  could  be  obtained,  or  nearly  similar,  merely 
by  the  process  of  sedimentation,  and  to  claim  for  the 
benefit  of  certain  chemicals  that  they  could  effect  what 
you  did  naturally,  all  seemed  to  me  to  be.  an  utter  mis- 
nomer, and  a  wrong  way  of  putting  things,  and  that  waa 
one  reason,  amongst  others,  that  I  always  object  to  in- 
cluding the  suspended  matters  in  the  analyses  of  th^ 
matters  in  solution.  I  have  here,  sir,  the  results  of  a 
series  of  analyses  which  I  have  made  on  effluenta  both 
with  and  without  the  suspended  matters. 


TABLE  OF  RESULTS  OF  ANALYSIS  OF  SAMPLES  OF  FINE  BED  EFFLUENTS  FROM 

SEWAGE  DISPOSAL  WORKS  AT  KNOSTROP,  LEEDS. 

Quantities  stated  in  Grains  i)er  Gallon. 


FILTERED. 

UNFILTERED. 

OXYOEX 

Oxygen 

DATE  OF 
■COLLECTION. 

Ammonia. 

absorbed  from 

Permanganate 

at  80"  F. 

Ammonia. 

alworbed  from 

Permanganate 

at  80^  F. 

Free. 

Albuminoid. 

At  once. 

1 

In  4  hours. 

Free. 

Albuminoid. 

At  once. 

In  4  liours. 

1898: 

17  May      - 

0-70 

004 

014 

0-63 

0-70 

012 

0-23 

1-09 

-24  May      - 

056 

005 

Oil 

0*46 

0-56 

0-08 

Oil 

069 

^iMay      - 

0-70 

004 

0- 

0-57 

0-70 

0-11 

0-06 

0*98 

3  June 

0-56 

0-05 

000 

0-74 

0-56 

007 

0.11 

1-09 

7  June 

0-70 

005 

0- 

0-86 

0-70 

007 

Oil 

103 

10  June 

0-63 

005 

006 

0-45 

0-63 

008 

006 

0-90 

14  June 

0-63 

0*04 

0*06 

0-56 

0-63 

006 

006 

0-72 

18  Octoljer 

013 

0  04 

0* 

0-46 

0-21 

0.05 

0- 

0-75 

-21  Octolier 

0-34 

004 

006 

0-69 

0-34 

009 

0-23 

1-21 

"25  October 

0-27 

003 

0- 

0-34 

0-29 

008 

0-17 

0-80 

.^  October 

0-42 

003 

0- 

0-39 

0-42 

0-08 

Oil 

0-79 

1  November 

015 

003 

0- 

0-42 

017 

007 

007 

0-84 

•4  November 

0-21 

004 

0- 

0-62 

0-21 

0  07 

0  06 

0-85 

JS  November 

017      ' 

0  04 

0  06 

0'4o 

017 

009 

Oil 

0-96 

11  November     - 

0-25 

006 

0- 

0-51 

0-25 

007 

Oil               0-90 

.15  November     - 

0-26 

003 

0- 

0-56 

0-25 

005 

Oil               0-85 

Average    •    -    - 

0-41 

1 

004 

002 

0-54 

0-42 

— 

0-08 

0-90 

With  regard  to  sewage,  if  you  take  the  whole  of  the 
.suspeuded  matters  in  a  crude  sewage,  I  am  perfectly  con- 
vinced that,  by  the  ordinary  methods  of  analysis  generally 
sd('ntoJ,  the  statements  as  to  the  totals  representing  the 
tdtal  quantity  of  impurity  are  utterly  and  entirely 
fallacious,  because  the  processes  did  not  split  up  the 
;stispended  matters,  and  you  would  fail  to  estimate  the 
ti)tal  quantity  of  impurity.  There  is  only  one  method,  I 
tl'ink,  which  could  be  relied  upon  to  deal  with  the  total 
matters  in  suspension,  as  well  as  those  in  solution,  and 
that  would  be  the  organic  carbon  and  nitrogen  process, 
because  there,  whether  the  matter  is  in  suspension  or 
-solution,  you  would  get  an  absolute  factor  of  so  much 
<arbon  and  so  much  nitrogen.  But  if  you  put  solid 
viatters  into  a  retort,  and  boil  them  up,  with  the  view 

1213. 


of  setting  the  total  albuminoid  ammonia,  as  it  is  called, 
from  them,  you  would  be  Hisappointed.  If  you  put  solid 
matters  into  water,  and  treat  that  with  permanganate 
under  the  impression  that  by  measuring  the  quantity  of 
permanganate  destroyed  you  were  going  to  estimate  the 
total  oxidisable  power  of  the  organic  matters,  you  would 
be  disappointed,  and  so  on  ;  and  therefore  I  say  the  two 
things  should  be  kept  separate  ;  and  in  regard  to  sewage 
it  wC'Uld  be  altogether  misleading.  But  as  the  matters  in 
suspension  in  a  sewage  effluent  are  of  a  different  char- 
acter entirely,  you  might  get  some  more  comparable 
results,  and  it  might  fairly  be  taken  that  you  would  have 
a  difference  in  proportion  to  the  amount  of  suspended 
matter,  especially  if  the  suspended  matter  is  consisting 
largely  of  organisms.     I  hare  made  a  series  of  analyses 
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jf    nr  J.   ^  i*'^  *  ▼i®^  ^  showing  what  would  be  the  difference  if 

Dibdin,     ^ou  include  the  suspended  matters  with  the  matters  in 

r.i.o.,  F.0.8.  scii'tion  ;  and  I  hare  this  in  two  forms  ;   I  have  it  in 

I8jim~i890  ^^-^*'    ^^  ^  ^^  ^'^^  figure  of  albuminoid  ammonia,  and 

L.    '  on  the  oxygen  absorbed  in  permanganate  at  80^,  because 

i^  we  did  it  on  the  carbon  and  nitrogen,  it  would  have 
been  a  very  lengthy  process,  and,  for  this  particular 
purpose  the  question  was  not  raised  so  far  as  carbon,  and 
nitrogen  is  concerned.  There  is  no  difference  in  the  free 
ammonia  ;  the  average  of  the  albuminoid  ammonia  in  the 
unfiltered  sample  is  08,  whilst  in  the  filtered  sample  ift 
is  04  ;  and  the  oxygen  absorbed  in  four  hours  on  the  un- 
filtered averages  -90,  that  in  the  filtered  being  *57. 

5834.  Then  to  sum  up,  I  take  it  that  you  perform 
analyses  of  the  sewage  and  also  of  the  effluent  on  the 
filtered  material  and  not  on  the  crude? — Yes. 

3835.  But  you  also  state  the  amount  of  suspended 
matter  ? — ^The  amount  of  suspended  matter  we  state  sepa- 
rately. 

3836u  Which  is  not  estimated  in  any  way  separately. 
You  merely  take  it  as  suspended  matter  without  troubling 
about  what  it  is  ? — ^Well,  we  generally  give  it  as  the  total 
amount  of  mineral  and  of  matters  volatile  at  a  red  heat, 
and  if  there  was  anything  specific  in  it  then  of  course  that 
would  be  stated. 

3837.  You  do  not  estimate  total  nitrogen,  I  suppose, 
by  Kjeldald's  process'^ — Sometimes,  but  I  prefer  the 
combustion  process — Frankland*s. 

3838.  ^ut  you  do  not  state  total  nitrQgen.f  I  think,  in 
your  analyses.  I  had  difflicu|l^  in  inteorpreting  them. 
You  give  nitrogen  as  albuminoid,  ammonia  as  nitrites  and 
nitrates,  and  then  total  nitrogen.  Does  that  refer  to  the 
sum  of  those  merely,  or  have  yon  estimated  ihem,  specially  ? 
— ^I  do  not  think  I  have  stated  total  nitrogen,  have  I  ? 

3839.  May  I  just  refer  to  page  165,  to  the  table ;  it 
will  serve  as  well  as  any  other.  You  give  free  ammonia 
and  albuminoid  ammonia? — I  rather  avoided  that  point  of 
total  nitrogen,  because  unless  you  gave  the  organic  nitro- 
gen by  the  combustion  process  or  Kjeldahrs,  the  albu- 
minoid ammonia  does  not  give  you  the  total ;  it  is  only 
partial. 

3840.  I  do  not  think  there  is  total  nitrogen  mentioned  ? 
— I  have  rather  avoided  that»  sir,  as  the  organic  iiiiro<<cn 
wag  not  estimated. 

3841.  Do  you  think  it  advisable  to  estimate  total  nitro- 
gen?— ^I  must  confess  that  I  like  it,  and,  moreover,  in 
uuiug  it  by  the  organic  carbon  and  nitrogen  process  you 
get  another  factor  which  none  of  these  ordinary  ones  take 
notice  of,  and  that  is  the  organic  carbon.  I  must  say  I 
have  used  it  very  largely  in  my  official  work,  and  I  use 
it  now  in  my  private  work,  and  I  prefer  to  use  it. 

3842.  That  is  Frankland's  process? — ^Ye^  ;  Frankland's 
process. 

3843.  Then,  to  pass  to  a  point  of  detail,  do  you  estimate 
the  nitrates  after  the  water  has  been  distilled  with  caustic 
potash  or  not  ? — In  some  cases,  but  where  there  is  nothing 
to  interfere  with  the  reaction  we  often  use  the  indigo 
process,  but  I  like  to  use  the  alumina  foil  process  as  a 
check ;  that  is  the  one  I  stand  by.  Whenever  I  am  in 
doubt  we  always  go  back  to  that,  but  for  general  purposes 
the  indigo  process  answers  very  well. 

3844.  It  is  sufficiently  accurate  ? — But  we  always  con- 
firm by  the  alumina  foil  process.  The  copper-zinc  couple- 
method  for  clean  waters  is  a  very  good  method. 

3845.  Have  you  made  any  attempts  whatever  to  differen- 
tiate the  various  compounds  containing  carbon,  nitrogen, 
etc  7  There  must  be  different  classes  of  compounds  which 
are  puttogether  as  giving  albuminoid  ammonia  ? — Clearly ; 
that  is  one  of  the  poii^  on  which  a  great  deal  of  work 
remains  to  be  done. 

3846.  Have  you  made  any  attempt,  or  do  you  know  of 
any  attempt  made  to  differentiate  ? — ^No  ;  I  have  heard  of 
attempts,  out  I  have  not  heard  of  any  successful  ones. 

3847.  Do  you  think  that  standing  in  contact  with  per- 
manganate of  potash  for  known  different  times  would 
give  some  estimate  of  the  different  kinds  of  material? — 
With  regard  to  that  I  have  myself  made  experiments  upon 
the  permanganate  test,  the  oxygen  absorbed,  and  that  is 
one  reason  that  I  view  it  with  a  considerable  amount  of 
SI  spicion  as  a  means  of  measuring  the  total  quantity  of 
organic  matter.  It  is  a  measure  rather  of  the  organic 
matter  in  a  certain  condition  ;  for  instance,  if  you  take 
a  solution  of  cold  fresh  gelatine,  you  will  find  that 
the  permanganate  will  have  very  little  effect  upon  it, 
almost  none ;  but  you  once  let  your  gelntine  undergo  in- 
cipient putrefaction,  once  start  the  breaking  down  of  the 


molecules,  and  the  permanganate  will  attack  it  rapidly,, 
almost  as  fast  as  you  can  put  it  in.     Kow,  supposing  yoa 
submit  your  solution  of  gelatine  to  the  process,  it  depends 
entirely  upon  the  cuuuition  in  which  your  gelatme  is. 
£  have  made  that  experiment  myself,  and  I  have  done  it 
over  and  over  again  with  sewage.     You  can  add  perman- 
ganate to  a  sewage  up  to  a  certain  point,  and  it  will  destroy 
the  permanganate,  it  will  become  decolourised,  you  add 
some  more,   and  presently  you  will  arrive  at  a    point 
when    it    will     take    no    more,    the     colour    of    the 
permanganate  will  hold  ;  but  after  a  time,  what  we  now 
know  to  be  the  bacterial  action  proceeds,  the  organic 
matters  in  the  sewage  will  become  amenable  to  the  actioa 
of  permanganate,  and  you  can  add  a  further  quantity  untii 
you  come  to  a  dead  stop  again ;  it  will  take  no  more ; 
allow  the  bacterial  action  to  proceed  further,   you  get 
further  decomposition,  and  then  you  get  your  perman- 
ganate absorbed  again,  and  you  may  go  on  with  this  with 
a  sample  of  sewage  for  days.     It  is  some  years  ago  since- 
I  made  these  experiments,  and  I  have  made  them  in  con- 
nection with  the  use  of  permanganate  for  the  purpose  oi 
deodorising  sewage.     The  contention  was  that  it  was  per- 
fectly useless  to  attempt  to  deodorise  sewage  by  perman- 
ganate, because  you  might  add  such  an  enormous  quan- 
tity and    it    would    be    taken    up    by   non-putrefying^ 
matters,  and  possibly  leaving  the  putrcKfying  matters  un- 
affected, that  is  to  say,  that  if  you  take  a  volume  of  water 
the  organic  matters  in  the  top,  although  not  in  a  state  o£ 
decomposition,  would  absorb  the  permanganate  bo  rapidly 
that  it  would  be  all  gone  before  the  putrefying  matters- 
at  the  bottom   of  the  vessel  could  be  attacked ;  it  is 
utterly  fallacious,  because  we  found  that  it  was  the  matters 
in  a  state  of  putrefaction  which  were  first  attacked,  and 
those  that  were  not  in  a  state  of  putrefaction  were  attacked? 
at  a  later  stage. 

3848.  I  suppose  you  would  agree  that  what  we  really 
wish  to  know  is  whether  the  effluent  is  capable  of  putre^ 
faction  or  not  ? — ^That  is  the  point,  I  take  it,  that  a  good 
effluent  does  not  putrefy,  and  is  one  in  which  fish  can 
freely  thrive,  that  being  so,  we  have  an  effluent  good 
enough  to  turn  into  our  ordinary  rivers. 

384Q.  Then  do  you  coninder  what  is  called  the  oxygei^ 
absorbed  test  and  the  albuminoid  ammonia  test  as  bearing 
upon  that  question? — Yes,  but  unfortunately  neither  of 
them  gives  us  a  measure  of  the  total  quantity  of  organic 
matter.  They  are  very  convenient  as  ^fferentiating  one 
sample  from  another,  but  they  are  not  so  accurate. 

3650.  They  are  not  accurate? — Th^  are  not  accurate^ 
as  measures  of  the  organic  matter. 

3851.  (Professor  Foster.)  Might  I  conplude  from  whau 
you  said  that  the  oxygen  absorption  is  act  so  much  a  mesr 
sure  of  any  albuminoid  matter  as  of  albuminoid  matter  is- 
a  particular  condition  ? — That  is  so. 

3852.  (Professor  Ramsay.)  Then  one  more  point.  You: 
know,  I  suppose,  what  has  been  termed  the  incubator 
test  ?— Yes. 

3853.  Do  you  regard  that  as  of  any  value? — ^Well,  I 
have  not  used  it  myself.  I  have  generally  found  that  the 
information  could  be  obtained  by  the  (wdinary  methods 
quite  as  well  as  that,  although,  as  a  matter  of  fact,  if  ai 
sample  does  not  putrefy  at  a  certain  temperature  witiiin 
a  certain  time  you  may  take  it  that  that  is  a  very  fair 
sample.  I  do  not  disagree  with  Uie  test  at  all,  but  it  is 
not  an  absolute  one. 

3854.  It  appears  to  me  that  there  are  two  reasons  wKy 
a  sample  may  not  putrefy,  first,  it  may  have  ahready  under- 
gone such  decomposition  as  it  is  capable  of,  or,  second, 
it  may  not  contain  organisms  enough  to  go  on  putrefying  ? 
— dearly,  that  is  so. 

3855.  Would  it  not  be  possible,  do  vou  think,  to  devise- 
some  test  in  which  organisms  were  added  to  the  effluent,, 
and  then  it  could  be  determined  as  to  whether,  under  the 
most  favourable  circumstances,  it  would  imdergo  decom- 
position ? — ^Well,  yes,  I  should  say  so,  but  it  is  a  point. 
I  should  like  to  consider  it.  I  see  clearlv  it  is  a  new 
application  of  the  bacterial  method. 

3856.  Precisely,  for  analysis  ? — ^I  rather  like  the  idea  of 
it,  but  it  is  the  first  time  I  have  heard  it  mentioned.  It 
is  very  much  on  the  lines  of  the  experiments  made  1;y  Dr. 
Dupre  for  the  Local  Government  Board  in  1832  and  1883 ; 
you  know  those  ? — Yes,  I  know  that  there  are  such,  thank 
you. 

3857.  (Professor  Foster.)  Do  I  gather,  Mr.  Dibdin,  that 
the  changes  which  take  place  in  your  two  kinds  of  bed^ 
the  coarse  and  the  fine,  are  on  the  whole  alike  ;  tliat  the^ 
difference  between  the  two  beds  is  that  in  the  coarse  bed;^ 
you  have  larger  channels,  which  therefore  do  net  gel  so 
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easily  blocked  up? — That  was  the  object  for  which  the 
l)ed8  were  made  in  that  way,  and  to  prevent  as  far  as  pos- 
-sible  the  anaerobic  action,  as,  I  believe,  as  a  general 
principle,  it  is  better  to  do  the  work  by  the  aerobic  rather 
than  the  anaerobic. 

3858.  You  consider  that  in  both  beds  the  channels  are 
aerobic  ? — YcB,  to  a  great  extent.  Of  course,  I  can  quite 
conceiTe  that  in  certain  cases  in  the  coarse  bed  they  may 
be  anaerobic,  and,  m  fact,  when  they  do  that  you  get  an 
^Til-smelling  effluent,  you  may  get  sulphides  formed,  and 
-so  on,  and  then  we  always  say  a  bed  should  have  a  rest. 

3859.  You  get  actual  solution  of  matter,  do  you  not,  in 
your  coarse  bed  ? — Oh,  yes. 

3860.  And  to  a  ceitain  extent  in  your  fine  bed  ?— Any 
solid  suspended  organic  matters  placed  on  the  fine  bed  are 
ail  destroyed  and  solutionised  there. 

3861.  As  a  matter  of  practice,  your  effluent,  your  fil- 
trate from  the  coarse  bed,  does  not  contain  a  large  quantity 

»of  suspended  matter?— At  the  flrsb  experiments  at 
Barking,  on  the  average  of  some  y'ears'  work,  we  had 
.about  seven  grains  of  suspended  matter  per  gallon,  and 
that  was  all  arrested  and  destroyed  by  the  fine  bed.  At 
Leeds,  I  think,  there  was  about  eleven  grains.  That  was 
destroved  by  the  fine  bed.  At  Sutton  they  were  only 
*2-78  in  the  coarse  bed  effluent,  and  these  were  all  destroyed 
on  the  fine  beds. 

3862.  But  in  your  coarse  bed  there  is  a  very  large  con- 
sumption of  solid  matter? — ^You  put  on  to  the  coarse  bed 
the  whole  of  the  soKd  matters  in  the  sewage,  except 
(perhaps  a  small  quantity  taken  away  by  straining. 

3863.  Save  those  which  have  been  screened  olf  ? — Yes. 

.3864.  What  is  the  me^h  of  your  screen?— At 
Sutton  now  it  is  about  a  quarter  of  an  inch.  With  regard 
*to  the  actual  woik  done,  I  may  say  that  at  Sutton,  as  1 
stated  just  now,  t-he  quantitnr  of  sludffe  destroyed  per 
'■ynnnm  is  equal  to  an  acre  of  sludge  six  leet  deep  upon  an 
acre  of  these  beds.  At  Leeds  it  came  to  an  acre  of  sludge 
four  feet  deep.  It  practically  means  this,  that  the 
'beds  win  destroy  in  twelve  months  a  volume  of  sludge 
equal  to  their  own  capacity. 

3865.  (Professor  Itamsay,)  May  I  ask  what  quantity  of 
vwater?— ^Mge.    That  is  sludge  of  00  per  cent,  moisture. 

3866.  (Professor  Foster,)  Have  you  made  any  observa- 
-tions  without  your  screen  ? — Yes,  at  first. 

3867.  How  large  morsels  will  your  coarse  filter  destroy  ? 
— ^I  do  not  know  precisely,  but  the  interstices  between 
the  particles  of  coke  would  govern  that  If  they  found 
their  way  into  the  bed  they  would  be  destroyed,  but  un- 
doubtedly Ui9  greater  the  division  of  the  particles,  the 
more  rapidly  will  the  action  take  place,  because  it  is  a 
surface  action ;  decrease  the  size  and  multiply  the  number, 
and  you  really  multiply  the  surface,  and  consequently 
you  get  the  work  done  in  a  shorter  time  ;  but  if  you  have 
:the  particles  larger  than  the  spaces  between  tlie  portions 
of  the  bed,  then  they  accumulate  upon  the  surface,  and 
form  a  deposit,  and,  of  course,  there  you  lose  the  effect 
wbidi  would  be  produced  by  the  division.  Theoretically, 
-the  best  thing  to  do  would  be  to  smash  all  the  solid  matters 
in  the  sewage  into  as  fine  a  pulp  as  possible.  That  would 
l)e  the  best  thing,  because  then  you  would  get  the  action 
imuch  more  mpid. 

3868.  A  good  deal  o2  that  action  in  the  fine  bed  may  be 
idescrlbed,  I  sappose,  as  a  process  of  nitrification  ^—-Oh, 

Tcs  :  of  the  nitrogenous  matters,  of  course. 

3869.  As  far  as  the  nitrogenous  matters  are  concerned  1 
—Yes. 

3870.  But  in  your,  coarse  bed  there  are  changes  in  the 
-nitrogenous  matter  leadmg,  I  sunnose,  to  setting  free  of 
^ammonia,  which  is  subsequently  nitrified  ? — ^Yes,  but  that 
Taries  with  the  season.  Sometimes  you  get  an  increase 
of  ammonia,  but  generally  a  marked  decrease  when  the 

l>eds  are  working  properly. 

3671.  Never  mind,  because  my  point  was  simply  this, 
.that,  at  all  events,  in  your  coarse  filter  you  have  nrocesses 
4Soing  on  leading  to  the  formation  of  ammonia,  and  also 
to  the  nitrifying  of  ammonia,  going  on  side  by  side  Y— Oh, 
yes,  clearly ;  considerable  ni&fication,  and  if  the  coarse 
bed  is  made  of  dialk,  you  get  a  higher  nitrification  than 
you  do  with  any  other  material,  as  much  as  -8  grains  of 
nitrogen  as  nitrates  in  a  coarse  bed  made  of  chalk. 

3872.  In  fact,  you  believe  that  in  both  your  filters  there 
is  a  number  of  changes,  carried  on  by  different  organisms, 
-going  on  at  the  same  time  ? — ^That  is  so. 

3873.  Leading  eventuaUy  to  hardly  anything  more  than 
carbonic  di-oxide  and  nitrates  ? — That  is  the  result  of  all 
my  work. 
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3874.  And  the  difference  between  your  two  bods  is  Mr,  w,  j, 
simply  a  difference  of  passages? — Purely.       I  do  not     ^f*^ 
believe  there  is  any  difference  in  the  actual  action  which  '' '  JU  ' 
takes  place  at  all  ;  I  believe  it  is  merely  that  you  must  18  Jau.  ifloo. 
make  it  coarse,  because  you  have  to  deal  with  coarse 
particles. 

3875.  You  have  not  formed  any  ideas  or  acquired  any 
knowledge  as  to  the  details  of  the  changes,  as,  for  in- 
stance, how  the  cellulose  material  is  dissolved? — ^They 
are  very  slow.  I  have  carried  out  a  series  of  experiments, 
and  I  had  hoped  to  have  had  the  pleasure  of  putting  them 
before  the  Commission,  but  they  were  not  completed  in 
time.  Taking  meat,  a  porticm  of  muscular  fibre — ^the 
lean  of  meat  and  a  portion  of  fat — some  wool,  some 
cotton,  and  so  on,  I  immersed  tiiese  in  beds,  with 
the  view  of  ascertaining  the  period  they  would  require 
before  they  were  each  destroyed.  In  the  case  of  the  lean 
meat,  it  went  in  about  three  or  four  weeks — ^that  is  to 
say,  a  piece  weighing  about  two  ounces,  a  solid  piece- 
went  in  about  three  or  four  weeks. 

3376.  That  is,  just  driven  down  into  your  bed? — Thb 
bed  was,  say,  half  filled,  then  the  piece  of  meat  was  put  * 

upon  the  surface  of  the  coke,  and  then  the  coke  put  on  to 
cover  it  up,  so  that  it  was  really  immersed  in  the  middle 
of  the  bed. 

3877.  (Professor  Bamsay,)  Of  an  active  bed  ;  of  a  going 
bed  ? — Yes  ;  and  in  about,  I  think  it  was,  three  or  four 
weeks  that  had  disappeared.  It  was  examined  from  time 
to  time  ;  you  could  see  it  in  a  state  of  decomposition,  and 
the  whole  thing  was  in  a  slimy  state,  and  large  numbers 
of  micrococci  feeding  upon  it. 

3878.  (Professor  Foster,)  liecomposition,  putrefactive 
decomposition? — Well,  it  was  hardly  what  you  call  in  a 
putrid  state  ;  it  was  certainly  an  unpleasant  odour,  but  I 
noticed  it  was  a  distinctly  different  odour  to  what  we  call 
putri:l  meat.  It  seemed  as  if  the  matters  which  would 
have  become  putrid  as  they  were  solutionised  got 
wi'fc'hed  away,  and  I  have  not  the  slightest  doubt  that  if 
we  had  not  supplied  the  bed  with  water  in  the  usual  way 
we  should  have  had  tluit  in  the  usual  very  unpleasant 
state  of  decomposition.  But  it  seemed  to  melt  away 
in  a  slimy  condition,  and  that  was  washed  away,  and 
when  we  examined  the  slime  we  found  it  was  nearly  all 
micjococci.  In  the  case  of  the  fat,  I  found  the  develop- 
ment of  a  large  number  of  am<^ba,  and  the  action  was 
very  slow,  and,  in  fact,  we  have  not  got  rid  of  it  yet. 
The  experiment  had  to  be  stopped  for  other  work. 

3879.  How  long  did  it  last?— The  fat  lasted— I  think  it 
went  on  for  over  a  couple  of  months.  It  was  a  large  piece 
of  fat,  roughly  speaking,  an  inch  cube  ;  and  the  cott<m 
and  the  wool  seemed  to  be  most  resistant.  The  wo«^  was 
evidently  bt^ins:  attacked ;  but  as  to  the  cotton  tliere  was 
softening,  sweuing  uj)  and  ffeneral  softening  of  the  fibres, 
and  there  was  a  considerable  number  of  bacteria  attached 
to  the  fibres  I  noticed,  but  you  could  not  say  there  was 
any  material  destruction  had  taken  place  in  that  time. 

388b.  Have  you  examined  your  filters  for  the  presence 
of  organisms  other  than  the  ordinary  bacterial  ornnisms  ? 
Oh  I  yes,  I  have  frequently  examined  them,  and  I  found, 
especially  in  the  warm  weather — the  summer  time — large 
ni.mbers  of  the  lower  infusoria  that  you  generally  find  is 
pond  water — very  abundant. 

3880*.  Kematoid  worms  ? — ^Yes,  and  very  large  numbers 
of  larvBB  of  that  little  white  fly,  I  do  not  know  its  name, 
that  you  often  see  m  fields. 

3881.  That  is  on  the  surface  ? — "So ;  I  have  found  them 
right  down,  permeated  into  tiie  substance  of  the  bed. 
Samples  of  burnt  ballast  taken  at  some  depths,  some  few 
feet  depths  below  the  surface,  contained  these  organisms, 
and  I  found  they  were  one  of  the  most  active  agents  in 
causing  the  bed  to  disintegrate — ^the  particles  of  the  bed  to 
disintegrate — ^when  it  was  made  of  burnt  ballast,  because 
you  know  the  particles  of  burnt  clay  will  have  cracks  in 
them  in  all  directions,  and  these  larvee  will  travel  into  the 
cracks,  and  take  up  their  abode  there,  and  after  a  time  the 
particle  will  soften,  and  easily  come  apart,  and  that  is  one 
reason  that,  although  burnt  clay  may  be  very  cheap  at  the 
start,  it  is  a  question  whether  in  the  long  run  it  will  be 
as  cheap  as,  say,  coke  or  flints,  if  flints  will  answer  equally 
well,  and  I  have  found  granite  and  slate  to  answer  very 
welL 

3882.  Have  you  any  reason  to  think  that  organisms, 
other  than  the  so-called  bacterial  organisms,  play  an  im- 
portant part  in  the  reduction  of  your  material  ? — I  should 
think  a  great  i>roportion  of  the  work  is  carried  out  entirely 
by  the  bacteria* 

3883.  Ninety-nine  per  cent,  f — 1  should  feal  inclined  to 
•ay  so,  as  f  result  of  general  experience.     You  find  them 
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31  r.  IK.  J.    in  the  gelatinouB  form,  «nd  they  are  there  jight  through- 

iXbdin,     (,ut/  the  maB8,  while  the  others  are  only  here  or  there. 
y.i.o.,  p.cs.  '  '' 

—  3384    They  do  not  occur  in  laige  xnasscB,  any  pf  the 

i«j>u.i809.  jj^ygg  organisms? — No ;  but  to  some  extent 

?885.  In  your  filters?— No. 

5386.  I  forget  in  your  evidenoe  now  whether  you  spok<!k 
defiintely  and  particularly  in  favour  of  any  particular 
mptcrial  i — No  ;  it  is  mertlv  the  surface  action.  I  have 
id%  en  in  my  evidence,  giit,  s^ate,  granite,  coke,  chalk,  and 
so  on,  and  I  hope  soon  to  have  an  eidarged  experiment  at 
wc.rk  on  the  coarse  flints  from  the  drift.  There  is  a  belt  of 
drift  runs  through  a  sewage  works,  and  in  that  case  they 
are  going  to  make  their  coarse  beds  Witu  it.  They  have 
put  down  a  pair  of  coarse  beds  with  coke  and  breeze,  and 
alongside  a  pair  of  coarse  beds,  which  will  be  filled  with 
the  coarse  flints  from  the  drift,  and  the  fine  bed  with  the 
fine  sand,  the  fine  stun  in  the  drift,  really  dividing  the 
drift  practically  into  two,  coarse  and  fine  beds,  and  then 
we  will  have  very  definite  experiments  in  the  long  run 
between  the  coke  and  the  flint.  If  the  flints  prove  to  be 
,  equally   eflicacious  in  this  particular  case,  it  will  save 

about  25  to  90  per  cent,  in  the  cost  of  the  works,  because 
they  have  got  the  material  to  hand. 

3887.  The  question,  I  mean,  of  the  kind  of  material 
does  also  make  a  difference  in  the  surface,  does  it  not ;  I 
mean  to  say,  with  pieces  of  flint  you  have  only  the  space 
beti^een  the  <bwo  pieces  of  flint ;  in  the  cinder  you  have 
the  cavities  in  the  cinder? — Yes,  that  is  so,  and  that 
was  the  first  reason  that  appealed  to  my  mind  so  much  in 
favour  of  burnt  ballast,  or  clinker,  or  coke,  or  so  on, 
but,  after  a  time,  you  find  that  the  surface  of  the  coke  in 
the  body  of  the  bed  becomes  covered  with  a  deposit,  and 
this  deposit  evidently  seems,  I  am  concluding,  to  do  away 
with  a  good  deal  of  the  supposed  advantage  in  the  initial 
stages,  the  advantage  of  the  irregular  surface  of  the  coke  ; 
that  is  to  say,  these  interstices  become  filled  u^.  and  each 
priticle  of  coke  will  probably  not  give  you  much  more 
surface  than  a  particle  of  flint. 

3888.  It  has,  so  to  speak,  a  shirt  of  bacteria  ? — That  is 

it. 

3889.  (Major-General  Carey,)  With  regard  to  the  ex- 
periments with  storm  water,  what  portion  of  dilution  have 
the  volumes  of  sewage,  which  have  been  passed  through 
the  filters  during  the  storm  represent  ?— In  nine  bours  in 
one  case,  we  had,  through  two  beds,  and  I  believe  these 
were  the  only  two  in  use  at  the  time  ;  they  took  it  aU ; 
we  had  208,000  gallons  in  nine  hours.  That  would  be 
practicallv  half  as  much  as  our  dailv  flow  of  sewage,  which 
IS  400,000  gallons,  so  that  in  nine  hours  we  had  200,000  ; 
consequently  we  should  have  had  as  mudi  water  down  in 
eighteen  hours  as  we  should  have  got  under  normal  ciMidi- 
tions  in  twenty-four  hours,  so  that  the  dilution  there  was 
not  great.  Li  the  next  case  we  had  920,000  in  ten  hours 
nearly,  and  judging  by  the  chlorine  the  dilution  had  been 
about  double,  or  equal  volumes,  roughly  speaking,  of  stor-n 
water  and  sewage.  In  the  case  of-  the  Worcester  Park, 
well,  it  was  enormous ;  we  had  in  seven  hours  200,000 
gallons,  the  plant  being  designed  for  80,000  gaEons 
daily.  I  have  worked  it  out,  and  find  that  it  would 
have  treated  2,100,000  gallons  at  this  rate  in  the  twenty- 
four  hours. 

3890.  Where  the  sewage  is  diluted  by  twice  its  volume 
by  the  storm  water,  and  treated  in  the  filters,  that  is,  o*^ 
the  coarse  and  fine  beds,  sihould  not  some  separate  provi- 
sion be  made  in  your  provision  for  ttie  treatment  of  storm 
water  when  the  sewage  dilution  rose  to  five  times? — It 
would  be  quite  possible,  oi  course,  to  have  a  separate 
storm  water  bed  ;  it  is  merely  a  question  of  the  area  of  the 
beds  which  may  be  found  to  be  necessary.  If  one  acre 
is  insufficient,  there  is  generally  plenty  of  land  to  put  up 
another  acre.  It  is  merely  a  question  as  to  what  may  be 
considered  the  necessary  area.  Of  course,  we  can  only 
speak  at  present  within  the  limits  of  the  actual  work 
done  ;  I  do  not  want  to  go  beyond  that ;  I  do  not  want  to 
support  this  by  theory,  but  simply  to  submit  facts  to  you. 

3891.  What  do  you  consider  to  be  the  best  period  of 
rest  for  the  ordinary  sewage,  when  the  filter  is  charged 
and  after  it  is  empty  ? — WeU,  with  the  fime  beds  we  have 
worked  them  for  years  now  ;  you  may  take  it  that  they 
have  been  running  altogether  for  about  seven  years,  be- 
cause it  was  1892  when  I  first  commenced  these  at  Baiking 
and  Sutton.  They  will  run  veiy  well  w'iUl  filling  three 
times  a  day. 

3892.  In  the  twenty -four  hours,  do  you  mean? — In  the 
twenty-four  hours  ;  that  is  to  say,  in  three  shifts  of  eight 
'\ours  each,  taking  the  time  for  filling,  resting  full,  empty- 

ag,  and  resting  empty. 

3893.  That  would  allow  two  hours  In  the  filters,  and 


four  hours  rest  after  the  xuter  was  empty? — ^Tes,  tliat 
would  be  one  hour  to  fill,  two  hours  to  stand  full,  one  hour 
to  empty,  and  four  hours  resting.  Of  course,  it  wm  vary 
with  the  rate  of  the  flow  of  the  sewage.  It  may  take  a 
little  longer  to  fill,  and  a  little  longer  to  empty.  Those 
are  engineering  details.  Tou  will  get  three  to  four  hours 
rest  every  period  of  eight  hours,  widch  would  give  you 
practically  twelve  hours  resting  empty  for  aeration,  but 
with  the  coarse  beds  the  three  fillings  a  day  is  too  much. 
They  wiU  not  stand  threo.  fillings  a  day  continiiously.  In 
calculating  on  all  new  work,  I  take  it  as  two  fillings  a  day, 
and  then  I  like  to  have  a  good  margin  upon  that,  because 
there  is  no  doubt  that  the  carbonaceous  matters  in  sewage 
do  take  a  longer  time  to  go  than  the  purely  nitrogenous, 
and  it  is  necessary,  as  you  would  in  putting  up  a  steam- 
engine  of  certain  horse  power,  to  provide  a  certain  margin, 
and  I  think  we  may  safely  take  a  leaf  out  of  the  engineers' 
book  in  this  matter. 

3894.  Would  you  say  that  four  hours  is  the  minimum 
period  of  rest  for  the  filter  when  empty,  in  order  to  purify 
the  sewage  or  ]>roduce  a  purified  effluent  ? — For  normal 
sewage,  yes,  I  think,  you  might  say  so,  but,  of  course,  it 
will  depend  upon  the  kind  <d  sewage.  If  the  sewage  ia 
very  diluted,  as  in  some  cases 

3895.  I  am  referring  to  domestic  sewage? — ^In  purely 
domestic  sewage  at  Sutton,  then,  you  cannot  go  beyond 
three  fillings  a  day.  Tou  may  pn  emergency.  I  have 
done  so, five  or  six  times  a  day,  but  you  must  give  corre- 
sponding periods  of  rest 

3896.  In  all  cases  where  domestic  eewage  is  treated, 
you  would  allow  the  four  hours'  rest  after  the  filter  waa 
empty  ? — ^As  nearly  as  possible. 

3897.  And  two  hours  full,  when  the  filter  waa  charged  ) 
— ^Yes.  I  think,  in  putting  up  a  fresh  installation,  it  ipouid 
be  advisable  to  allow  more  capacity  than  that  necessary  for 
two  fiHings  daily  at  fir«t  working.  Mr.  Strachan,  who 
has  paid  some  attention  to  this,  and  has  been  kind  enouj^h 
to  look  into  it  very  carefully,  thinks  it  is  wise  to  have  a 
provision  sufficient  that  you  need  only  put  the  sewage 
upon  the  coarse  beds  once  a  day.  WeU,  I  think  he  is 
taking  a  very  wide  margin,  much  wider  than  I  do,  but 
still  even  then,  he  says,  from  an  engineering  point  of 
view,  that  it  is  well  worth  it. 

3898.  Which  is  the  more  important  rest  in  the  filter, 
rest  after  it  is  empty  for  teration  ? — ^Rest  after  it  is  empty, 
because  if  the  effluent  from  the  coarse  bed  is  not  quite 
up  to  the  standard,  the  fine  bed  wiU  act  as  a  safeguard,, 
and  that  will  be  aU  right. 

3899.  (Professor  Bamsay,)  Have  the  gases  from  the 
interior  of  the  filter  bed  ever  been  analysed  after  the  rest 
is  nearly  completed  ;  is  oxygen  absorbed  in  great  quantity 
bv  the  oiganisms  during  the  rest  of  the  filter  ? — I  think  I 
can  hardly  answer  that  with  safety.  A  good  deal  of  work 
has  to  be  done  upon  that  point. 

3900.  Do  you  think  it  is  lil^eiy  ?--The  qvestton  of 
oxygen  absorbed  by  the  gelatinous  matter  in  the  filter  is 
a  very  complex  one,  and  I  am  not  prepared  with  the 
resuHs. 

390L  It  has  really  not  been  touched? — ^It  has  prac- 
tically not  been  touched. 

3902.  (Professor  Foster,)  What  do  you  think  is  taking 
place  during  this  rest? — The  oontixnied  action  of  the 
ort;anisms. 

3903.  On  the  film  left  over  them  ?— Tes. 

3904.  Ko  more? — I  do  not  think  they  stop;  they  do 
not  stop ;  as  long  as  that  film  is  kept  moist  Uiey  will  go 
on  feeding,  because  you  do  not  absolutely  empty  a  bed ; 
you  do  not  absolutely  drain  away  the  last  particles  in  ic ; 
there  is  a  quantity  of  contained  moisture  on  the  surface, 
because  a  bed  will  go  on  draining  for  a  loi^  while.  I 
think  the  bacterial  action  is  simply  oontinuoush-  at  work ; 
it  is  only  a  question  as  to  the  quantity  of  sewagd  with 
which  they  can  cope  in  a  certain  period. 

3905.  Is  it  your  idea,  then,  thai  what  takes  place  is  tlis : 
that  during  the  filling,  I  mean  the  ma'e.ial  clings  to  the 
surface  and  the  side  passages,  and  during  the  period  of 
resting  the  process  of  digestion  which  I  may  say  had  begun 
is  carried  on  and  completed? — ^Any  particular  particle  is 
not  destroyed  in  the  bed  during  that  period  of  two  hours 
rest.  I  take  it  what  is  done  during  that  period  of  two 
hours  rest  is  that  each  cavity  in  the  bed  becomes  really  a 
settling  chamber.  The  soHd  matters  in  the  sewage  by  the 
action  of  gravity  subside  or  adhere  to  the  sides  of  the 
larger  particles  as  chips  of  wood  in  water  will  to  a  boat, 
ami  that  when  you  draw  the  water  awav  from  the  bei 
those  solid  matters  are  left  behind  and  the  bacteria 
gradually  extend  over  them,  and  in  the  course  of  tims 
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thej  become  solutionised,  and  m  the  oiAer  surface  goes 
into  a  state  of  solution  the  next  flow  of  water  comes  in 
and  washes  that  away,  the  work  being  gradually  and 
finally  finished  in  the  fine  bed. 

3d06.  (Major-General  Carey,)  The  periods  of  resk  apply 
to  the  fine  beds  as  well  as  the  coarse  ^—Tes. 

3007.  The  same  periods  of  rest? — ^Well,  the  period  that 
I  gave  you  just  now,  the  four  hou  s,  that  is  to  say,  three 
cycles  of  work  of  eight  hours  each,  are  upon  the  fine  bed 
work,  and  those  have  worked  at  that  rate  now  for  seyen 
yeasB.  The  only  question  we  hare  now  is  the  best  means 
of  g'etting  the  maximum  work  out  of  the  coarse  beds. 

3006.  The  water  capacity,  as  I  undeistand,  may  be  esti- 
mated at  one-third  of  the  total  cubic  contents  of  the  filtsr  ? 
— At  the  start. 

3000.  And  what  reduction  of  the  capacity  should  be 
allowed  for  the  matured  beds? — ^Taking  the  average  of 
these  lour  beds  that  we  hAve  at  Sutton,  and  which  work 
very  strong  sewage  and  work  very  hard;  the  present 
capacity  averages  21^  per  cent,  of  the  cubic  contents  of  the 
tank. 

3010.  That  would  be  about  one-fifth  of  the  total  capo- 
city,  would  it  not  ? — Yes ;  but  that  is  somewhat  low,  be* 
cause  No.  1  and  No.  2  are  exceptional,  but  at  all  events 
I  do  not  want  to  do  anything  but  take  that  absolute  ngure, 
which  is  at  present  21^  per  cent. 

3011.  Is  that  the  figure  that  you,  or  the  propoition  that 
you  would  lay  down  as  sufficient  to  provide  in  any  Bch?m3 
for  the  area  of  the  beds  7 — I  think  you  would  have  a  very 
safe  working  margin  there,  but  that  would  entirely  depend 
upon  the  kind  of  sewage. 

3012.  At  page  141  of  your  evidence  you  say  :  — "  Leeds 
coarse  bed,  Uie  original  capacity  is  174,813  gallons ;  Hqujkl 
capacity,  83,330  gallons  "  ?— That  was  the  initial. 

3013.  But  that  is  not  one-third,  but  more  like  50  per 
cent.  7— No,  because  that  bed  was  made  with  very  coarse 
coke.  The  Sutton  bed  was  made  with  stuff  rejected  by  a 
half-inch  mesh,  and  my  experience  with  that  bed  led  me  to 
the  conclusion  that  it  would  be  very  much  better  if  the 
grain  of  the  coarse  bed  was  much  larger,  and  therefore  I 
advised  that  the  coarse  bed  at  Leeds  should  be  made  of 
very  coarse  ooke,  and  that,  of  course,  gives  a  very  much 
larger  initial  water  capacity. 

3014.  Then  the  reduction  of  the  water  capacity  goes  on 
to  a  very  serious  extent  from  the  1st  of  October,  1^07,  to 
the  8th  of  September,  1808?— Tes. 

3015.  In  a  much  larger  proportion  than  your  21  per 
cent.  ?— Oh,  yes,  but  of  course  the  reduction  of 
this  Leeds  bed  must  be  looked  at  In  the  light  of  the 
Leeds  sewage.  There  the  bed  was  worked  during  the 
greater  part  of  the  period  with  sewage  screened  only 
through  a  one-inch  mesh,  and,  as  explained,  I  have  no 
doubt  that  you  have  the  report  of  Colonel  Harding  upon 
these  Leeds  experiments,  and  there  the  facts  are  very 
clearly  set  out  indeed,  and  the  experience  there  confirms 
my  own  experience  at  Sutton  and  elsewhere  with  other 
sewages.  With  this  peculiar  sewage  ccmtaining  such  a 
large  quantity  of  iron,  it  is  desirable  that  there  should  be 
some  means  of  settling  out  and  screening  out  the  refuse  of 
the  stuff,  the  paper,  ropes,  rags,  and  all  the  road  grit,  and 
80  on.  It  evidently  is  rather  hard  lines  upon  the  beds  to 
have  to  deal  with  all  the  matters  that  may  go  upmi  them 
with  unscreened  sewage.  For  instance,  on  the  Leeds  bed 
we  found  particles  of  coal,  and  of  course  they  were  quite 
exceptional.  But  what  I  have  found  with  that  Leeds  bed 
is  this,  that  the  matters  deposited  upon  the  surface  of  the 
ooke  consist  of  about  85  per  cent,  water,  about  7^  per 
cent,  organic  matter,  and  7^  per  cent,  mineral  matter,  and 
of  the  mineral  matter  half  is  oxide  of  iron,  so  that  we 
have  really  of  that  reduction  in  capacity  only  aboiit 
7  per  cent,  due  to  organic  matter  accumulated  in  the 
beds,  and  the  fact  that  the  capacity  of  the  bed  remained 
practically  constant  from  the  27th  of  January,  when  it 
was  45,423,  to  the  2nd  of  October,  when  it  was  46,800, 
does  show  that  although  it  was  receiving,  with  periods  of 
rest,  its  daily  increment  of  sewage,  yet  the  capacity  had 
not  become  reduced  in  that  time.  Since  then — since 
these  fisrures  have  been  put  in — I  am  informed  by  Colonel 
Harding  that  the  capacity  of  the  bed  which  is  being  worked 
now  at  the  rate  of  three  fillings  a  day,  except  on  Sundays, 
has  become  still  further  reduced.  How  long  it  will  be 
before  the  capacity  will  be  so  far  reduced  as  to  make  it 
inadvisable  to  continue  working  the  bed  without  sifting 
out  the  coarse  stuff  from  the  fine  is  a  question  for  further 
experience.  We  can  only  tell  by  the  results  of  actual 
working.  I  do  not  see  how  theory  can  help  us  in  this 
matter.    It  is  clear  that  if  you  put  upon  a  bed  so  much 

1213. 


organie  matter  in  so  much  time,  and  the  action  of  the   Mf^,J, 
bacteria  is  unable  to  cope  with  the  daily  increment,  then  ^  {^^^g^ 
you  must  have  a  rate  at  which  the  bed  begins  to  fill  up    '  *  .U  ' 
with  the  solid  matters.    And  it  is  the  object  of  such  ex-  i8JMi.iys. 
periments  as  these  to  ascertain  that  point,  and  when  we 
have  ascertained  that  we  shall  have  definite  information, 
but,  as  I  said  before,  I  do  not  wish  to  go  one  «tep 
beyond  the  absolute  facts.     I  have  no  object  in  trying  to. 

3016.  Of  course,  on  the  other  hand,  we  want  to  get 
the  facts  as  far  as  possible,  because  schemes  are  coming 
to  us  for  criticism,  and  unless  we  have  the  data 
it  is  almost  impossible  to  criticise  them  7 — ^I  wish  to  help 
you,  but  still,  if  I  begin  to  give  you  theories  they  will  be 
no  use,  and  we  shall  get  into  an  atmosphere  that  will  not 
be  worth  anything.  There  is  this  question  of  what  is 
called  the  sludging  up  or  the  chokix^  up  of  the  sludse 
beds,  and  it  is  one  which  must  be  fairly  met.  I  can  omy 
give  you  the  facts  that  after  the  2j;  years  working  with 
normal  sewage  the  coarse  bed  is  still  doing  good  work. 
Its  capacity  has  become  reduced.  How  long  it  will  be 
before  that  bed  will  be  rendered  useless  I  cannot  tell  you, 
but  this  is  the  saUsfactory  fact  in  my  mind  about  it.  We 
will  take  October  6th,  1808,  when  the  No.  1  coarse  bed 
at  Sutton  had  a  water  capacity  of  12  per  cent.,  that  is  to 
say,  after  nearly  two  years  work,  and  the  argument  would 
have  been  that  in  a  very  short  time  that  bed  would  be 
rendered  perfectly  useless.  Well,  we  continued  working 
it,  and  it  had  a  rest  and  its  capacity  went  up  to  17^,  and 
if  we  can  give  it  a  prolonged  rest  we  shall  have  its  capa- 
city stUl  further  increasing.  In  the  case  of  No.  3  bed 
the  capacity  went  down  to  17  per  cent,  in  October  last, 
and  in  January,  on  the  7th,  its  capacity  is  18^^  ner  cent., 
its  capacity  having  been  remeasured  on  the  14ih,  is  24 
per  cent.,  and  in  the  same  way  the  capacity  of  No.  4  bed 
on  April  30th  was  32  per  cent,  and  on  January  the  lObh 
20^  per  cent.,  having  been  down  to  25^  in  October.  Now, 
it  shows  this,  and  if  you  take  the  same  thing  with  the 
Leeds  bed  we  have  the  same  fluctuation  after  an  initial 
reduction  of  from  83,000  to  45,000  on  January  the  27th. 
On  the  6th  of  October  it  is  only  46«000,  or  more  in  October*' 
than  it  was  in  January.  Of  course  it  has  gone  down  since, 
and  I  should  not  be  surprised  if  it  went  down  a  good  deal" 
more  in  the  case  of  Leeds. 

3917.  But  surely  if  it  goes  down  at  that  rate,  it  will 
very  soon  become  useless? — That  is  exactly  the  point: 
will  it  continue  to  go  down  at  that  rate  ?  If  we  had 
argued  on  that  at  the  Sutton  beds  originally,  when  they 
went  down  to  twelve,  we  should  have  saiu  in  another 
month  or  two  it  will  be  perfectly  useless,  but  in  another 
month  or  two  it  was  not  perfectly  useless.  There  is  a 
sudden  drop  by  reason  of  the  accumulation  of  the  organic 
natters  on  the  bed,  and  then  you  come  to  what  you  may 
call  your  working  mean,  and  that  will  go  up  and  down,  up  < 
and  down,  according  to  the  periods  of  rest,  the  nature  and 
the  quantity  of  the  sewage  put  upon  it. 

3018.  But  in  this  Leeds  case,  you  gave  it  a  rest  of 
nearly  a  month,  or  more  than  a  month  7-^f  three  weeks. 

3019.  From  the  16th  of  June  to  the  25th  July  ?— Oh  I 
yes  ;  I  beg  your  pardon. 

3920.  And  even  when  you  commenced,  the  rate  wa»- 
not  nearly  equal  to  your  original  starting  rate,  and  fell 
between  July  and  September  from  56,000  to  40,000? — 
Clearly  ;  and  here  is  one  of  the  points  that  makes  it  so* 
desirable  that  the  coarser  solid  matters,  and  grit,  and  so 
on,  should  be  kept  off  the  bed.    The  settled  sewage  was- 
put  on  the  bed  on  the  12th  September,  and  then  the 
capacity  rose  from  40,000  on  the  8th  of  September,  to- 
46,000  on  the  12th,  and  on  the  6th  October  to  46,800,  so* 
that  if  we  had  had  a  suitable  grit  chamber  and  screen- 
during  the  whole  of  these  experiments    I  do  not  think 
that  the  capacity  would  have  shown  anything  like  the* 
rediiCtion  that  it  does  at  tiie  present  time  ;  and  when  we 
look  at  the  fact  that  about  ten  grains  per  gallon  of  organic 
matter  went  upon  the  fine  beds,  the  capacity  of  the  fijie 
beds  has  remained  constant     That  has  had 'fluctuations, 
and  at  first  its  fluctuations  followed  very  much  those  of 
the  coarse  bed,  but  then,  after  the  rest,  it  went  up,  and  it 
has  still  remained  at  a  good  working  capacity. 

3921.  Of  course,  the  necessity  for  giving  the  beda  a 
rest,  say,  of  three  or  four  weeks,  is  a  very  serious  thing 
in  actual  working? — Oh,  yes^ 

3022.  It  means  that  you  might  have  to  provide 
double  the  area  of  the  filters  ?--It  merely  becomes  a 
question  of  what  is  the  necessary  capacity  of  coarse  beds, 
and  I  venture  to  think  tr^m  the  general  experience  that 
if  you  allow  the  road  grit  and  the  coarser  matters  to  settle 
out,  which  you  can  by  a  screen,  and  by  a  catch-pit  for  the 
road  grit ;  keep  that  off  the  bed,  the  fine  suspended 
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Mr.  w:  J.   matters  in  the  sewage  might  be  put  upon  the  beds  at  the 
DiMin,     jjite  Qf  two  fillings  a  day  for  continuous  work. 

11—  '  ■'  3923.  For  fine  beds  1 — For  coarse  beds.  For  fine  bods 
18  JwK^oo.  j-nquestionably  you  can  keep  them  as  long  as  you  like  at 
three  fillings  a  day.  May  I  just  remind  you,  sir,  of  what 
I  have  said  on  another  occasion,  with  regard  to  this 
destruction  of  sludge  upon  the  beds,  that  when  we  com- 
menced these  experiments  at  Barking,  the  sewage  was 
run  through  the  beds  almost  continuously,  with  the  view 
to  ascertain  what  was  their  capacity.  At  the  first  it  was 
found  that  they  could  treat  1,000,000  gallons  a  d^y. 
Then,  as  the  beds  got  chewed  with  the  sludge,  the  rate  at 
which  the  water  would  pass  through  was  reduced  to 
200«000  gallons  a  day  per  acre,  and  the  assumption  was. 
The  whole  thing  is  useless,  an  utter  failure,  and  won't 
do  at  all.  When  we  idtered  the  method  of  working, 
iiistead  of  runnine  aie  sewage  tiuough  continuously^  an^ 
allowing  a  deposit  of  sludge  to  accumulate  upon  the  sur- 
face, wc  gave  the  bed,  first  of  all,  some.  I  think  it  vna  about 
six  or  seven  weeks  before  we  got  it  fairly  sweet,  and  some 
two  or  three  months  before  we  commenced  experiments 
again,  bu*:  after  we  had  got  the  bed  into  a  sweet  condiidon 
merely  by  allowing  the  organisms  in  the  bed  time  to  do 
their  work,  we  were  able  to  work  that  bed  intermittently 
at  the  rate  of  1,000,000  gallons  per  acre  per  day,  and  so 
far  as  I  know,  it  is  still  working  at  that  rate,  or  was  when 
last  I  had  to  do  with  it ;  so  that  there  w«»  hare  a  TKWJtiv*^ 
instance  of  how  a  bed  may  be  overworked,  may  eet  mto  ^ 
condition  in  which  it  may  be  described,  and  was  described, 
as  an  absolute  failure,  and  yet  by  fdving  it  a  suflicient 
period  of  rest  it  recovered  itself,  and  was  able  to  do  *.he 
initial  quantity  of  work  with  which  it  first  started. 

3924.  Then  you  must  make  provision  for  allowing  that 
quantity  of  rest  in  your  area  of  filters  ? — ^Yes. 

3925.  You  must  make  that  provision? — ^It  comes  to 
this  ;  our  coarse  beds  will  have  to  be  of  larger  area  than 
our  fine  beds.  The  fine  beds  can  work  three  fillings  a 
day  ;  the  coarse  beds  can  work  two  fillings  a  day,  provided 
that  the  coarser  matters  of  the  sewage  are  kept  out  by  a 
screening  or  straining,  and  they  can  be  easily  disposed  of. 
That  is,  as  far  as  I  am  ab!e  to  see,  the  present  outcome  tA 
all  that  hA»  been  done  upon  the  question. 

3926.  What  time  elapses  before  a  bed  is  mature! — At 
Sutton  we  began  to  get  good  results  in  about  three  weeks. 
At  Leeds.  I  think,  it  took  something  like — ^more  like  ohree 
months,  but,  of  course,  a  good  deal  depends  upon  the 
temperature  and  the  season.  If  it  is  in  the  summer  time, 
I  should  sav  you  would  get  a  bed, into  a  fairly  mature 
condition  almost  in  a  matter  of  days. 

3927.  That  is  an  important  thing,  because  in  a  town 
which  is  goint;  to  adopt  this  process  for  the  first  time  the 
purification  of  the  sewage  will  depend  on  the  time  which 
eIaT)ge8  before  a  bed  is  matured  ? — ^I  hardly  think  that  is 
so.  sir.  If  you  lake  a  perfectly  clean  bed,  and  you  out 
sewage  upon  it  in  this  way,  you  will  at  once  get  an 
effluent  which  will  be  satisfactory — fairly  eatisfaotory,  but 
you  will  not  get  the  full  process  of  nitrification  at  work. 
You  will  not  get  the  work  so  well  done  as  it  will  be  done, 
say,  in  two  or  three  weeks  time,  but  as  an  initial  thing  you 
will  get  an  infinitely  better  effluent  than  you  will  get  by 
any  process  of  chemical  precipitation ;  and  on  the  old 
process  of  filtration  :t  was  assumed  that  the  newer  the 
bed  the  better  the  result. 

3028.  What  are  the  considerations  that  determine  the 
initial  ratio  whether  as  regards  area  or  I'quid  capacity  of 
the  coarse  to  the  fine  filters  ?— Oh,  I  beg  your  pardon  ; 
well,  simply  by  measurement.  We  have  found  that 
in  many  cases,  indeed,  in  most  cases,  you  have  to 
allow  about  15  to  20  per  cent,  more  capacitor  for  the  fine 
bed,  the  initial  capacity,  by  reason  of  the  finer  m^^terial 
taking  up  more  space,  being  more  closely  packed,  and 
you  have  not  so  much  interstitial  space  between  the 
particles  as  you  would  have  in  the  case  of  the  ooarse 
bed,  and,  therefore,  you  must  have  a  larger  area,  given 
the  same  bed  to  hold  the  water,  than  you  would  have  in 
the  coarse  bed. 

3920.  Is  that  a  fixed  ratio? — ^15  to  20  per  cent.  ; 
it  depends  on  the  size  of  the  matenals  of  which  the  bed 
18  made.  You  may  take  it  at  20  per  cent. ;  the  capacity 
of  the  fine  bed  must  be  about  20  per  cent.  more. 

*930.  That  proportion  of  one-third  the  water  capacity 
of  the  filter  when  charged,  does  that  apply  also  to  the  fine 
filter :  does  that  apply  to  both  ?— Well,  with  that  differ- 
ence that  the  capadty  of  the  fine  bed  is  so  much  less,  and 
therefore  vou  have  to  make  the  area  larger. 

3931.  Yes,  quite  so.  Have  you  found  out  what  that 
proportion  is  7    In,  we  will  3ay>  designing  a  fine  bed,  what 


proportion  of  the  cubical  contents  would  you  estimate  for 
the  liquid  capacity  of  the  fine  bed  as  distinguished  from 
the  coarse  bed.  You  gave  us  the  coane  bed  at  about 
30  per  cent.  ? — ^Well,  take  it  in  this  way ;  take  the  capaoify 
of  the  ooarse  bed  at  30  per  cent.,  then  we  allow  more  for 
l&e  size  of  the  fine  bed  to  compensate  for  the  difference 
in  the  water  capacity. 

3932.  {Mr.  Killick.)  I  have  only  one  question  to  ask 
you,  I  think,  Mr.  Dibdin :  What  is  your  opinion  of  the 
relative  value  of  coal  as  a  filtering  mateialf— I  gave  some 
information  upon  that  in  my  evidence  in  chief.  Tha 
facts  were  summarising  the  conclusions  of  certain  labora- 
tory experiments,  that  we  found  that  four  acres  of  coal 
filter  of  a  given  depth  would  be  required  to  treat  the  sewage 
which  cculd  be  dealt  with  by  three  acres  of  coke  breeze 
of  the.  same  depth,  and  that  was  to  say,  I  assume,  that  we 
got  practically  the  same  degree  of  purification.  But  ceil 
there  simply  supplies  surface,  that  is  my  theory  ;  I  mir 
be  wrong ;  I  am  only  too  pleased  if  I  can  be  shown  to  be 
wrong  so  as  to  get  the  right  theory ;  but  that  bacterial 
bed,  as  I  call  it,  may  be  taken  as  a  surface — an  extend  ^^d 
surface  ;  and  whether  that  surface  is  upon  coal,  coke,  flint, 
cinders  or  anything  else  I  do  not  think  makes  much  dif- 
ference, it  is  only  a  question  of  which  is  found  to  be  the 
bert  in  practice,  and  while  you  can  get  admirable  results 
with  coal,  I  Imow  of  nothing  at  present  to  make  me  prefer 
it  to  any  other  material. 

3033.  Just  one  other  matter.  Your  four  hours  per- 
manganate test  is  made  at  a  temperature  of  80^  Fahr  ?— 
Yes. 

3034.  Sir  Henry  Roscoe's  is  made  at  60^  Fahr.  7— 
I  take  80^  because  that  is  the  temperature  fixed  by 
the  Society  of  Public  Analysts.  I  do  not  think  it  makes 
very  much  difference  under  normal  conditions,  but  it 
is  just  as  well  if  the  Society  of  Public  Analysts  have 
adopted  a  standard  to  use  it  for  the  sake  of  uniformity. 

3936.  Practically  allowing  for  the  difference  in  quan- 
tities, you  think  the  one  test  is  as  good  as  another? — 
Both  will  show  a  bad  sewage  to  be  a  bad  sewage,  and 
a  good  effluent  to  be  a  good  effluent. 

3036.  {Colonel  Harding.)  Reverting  to  the  experi- 
ments with  storm  waters,  you  told  us  that  you  were 
able  to  flow  sewage,  diluted  more  or  less,  for  a  number 
of  consecutive  hours  over  the  beds  without  throwing  the 
beds  out  of  order? — ^Yes. 

3937.  And  that  you  had  reason  to  think  that  there  was 
no  reduction  in  capacity  consequently  upon  such  continu- 
ous flow  ?— Yes  ;  I  thii^  that  is  fairly  so.  Perhaps  I  have 
a  figure  here  taking  those  two  tables  together.  Well,  bed 
No.  2  treated  161,000  gallons  of  sewage  and  storm  water 
in  ten  hours  on  November  the  28th.  On  October  the 
13th  the  capacity  of  that  bed — ^the  water  capacity — was  13^ 
per  cent. ,  and  on  November  30th  it  was  12  per  cent. ,  so 
that  there  was  a  reduction  of  1^  per  cent. ,  but  the  reduc- 
tion was  from  October  13th  to  November  30th,  so  that 
that  would  not  be  more,  perhaps,  than  the  ordinary 
reduction.  No.  3  bed :  I  have  a  comparable  measure- 
ment ;  on  November  the  28th  it  treated  in  0  hours  and 
45  minutes  161,460  gallons  of  mixed  sewage  and  storm 
water ;  on  October  12th  the  water  capacity  of  the  bed 
was  17  per  cent.  On  December  the  3pd  the  water 
capacity  was  the  same,  17  per  cent,  so  in  that  case  t^ere 
was  no  alteration  at  all 

3938.  T  am  rather  surprised  at  that  result.  You  ex- 
plain it,  I  think,  Mr.  Dibdin,  by  saying  that  there  was  no 
more  sewage  brought  down,  but  lliat  there  was  more 
water  brought  down  ? — ^That  is  clearly  so. 

3939.  But  surely  in  the  finst  storm  waters  following 
after  dry  weather  you  have  quite  a  large  quantity  of 
organic  debris  brought  down  from  road  washings,  clearing 
out  of  gullies,  and  so  on,  have  you  not? — Oh,  the  first 
rush  of  a  storm  water  is  always  much  worse  than  after- 
wards. 

3940.  So  that  one  would  expect  by  allowing  not  only 
the  later,  but  the  first  rush  of  storm  waters  to  flow  con- 
tiruci  sly  over  a  bed,  that  there  would  be  very  consider- 
able reduction  of  capacity  ^Especially  if  it  was  the 
combined  system  where  road  sweepings  were  taken  in. 
Then,  of  course,  the  circumstances  would  be  different. 
At  Sutton  we  have  a  separate  system,  so  we  do  not  get 
the  difficulty  of  the  road  sweepings. 

3941.  But  where  you  have  the  combined  systems  you 
would  expect  that  the  passing  of  storm  waters  over  the 
bed  would  lead  to  a  considerable  reduction  of  capacity? 
— No,  I  do  not  think  it  would,  because  in  that  case  un- 
doubtedly a  grit  chamber  ought  to  be  provided. 
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3942.  I  am  assuming  there  was  not  ? — ^If  there  was  no 
"i.  c.jamber  then  certainly  I  would  look  for  some  re* 
reduction  owing  to  the  road  grit. 

3943.  But  apart  from  grit,  there  would  be  organic  matter 
brought  down  by  the  storm  water? — I  do  not  think  it 
would  be  very  much  after  the  first  rush,  which. would 
not  be  treated  as  storm  water,  but  as  ordinary  sewage. 
Then,  when  the  beds  were  unable  ta  deal  with  the  in- 
creased flow  el  sewage  in  the  normal  way,  ^^d  the  sewage 
being  so  weak  in  character,  it  could  Uien  be  put  over 
one  or  more  of  the  beds  by  this  method  of  sireamuig,  and 
that  woidd  not  injure  the  beds. 

3944.  Then  your  experience  in  these  experiments  was 
that  you  could  treat  the  storm  waters  for  a  number  of 
consecutive  hours  upon  the  beds,  and  obtain  results 
which  were  sufficiently  good  for  t^e  purpose,  but  not  so 
ffood  as  those  which  you  obtained  by  the  ordinary  work- 
ing ?— Not  quite  as  good.  If  we  state  it  upon  percentage 
of  purification,  the  sewage  not  being  so  strong,  of  course 
•with  an  equally  good  effluent  the  purification  would  not  be 
so  high,  although  the  quality  of  the  effluent  might  be 
sufficient.  We  may  consider  the  albuminoid  ammonia 
in  these  different  storm  water  effiuents  as  com- 
Ijared  with  what  we  get  in  the  effluent  from  the  mter 
mittent  treatment  of  sewage.  Albuminoid  ammonia  is 
*08,  «06 ;  in  one  29,  but  &at  was  an  exoeptionaH  one, 
*11,  *15,  '07,  '08,  '07,  and  after  returning  to  intermittent 
work  -06,  so  that  the  quality  of  the  effluents  was  very 
much  the  same  all  along.  The  oxygen  absorbed  would 
be  in  the  four  hours  '68,  *56,  '25,  '13  ;  th-en  there  is  one 
exceptional  one,  -22,  *98,  '87,  *70  so  that  practically 
there  is  not  very  much  difference.  There  are  variations, 
but  on  the  whole  you  may  take  it  that  the  quality  of  the 
storm  water  effluent  obtained  in  that  way  would  be  quite 
equal  to  that  of  the  sewage  effluent. 

3945.  Though  showing  a  smaller  rate  of  purification  ? — 
Though  showing  a  smaller  percentage  of  purification,  of 
course  being  on  a  more  dilute  sewage. 

3945a.  Then  would  you  consider  it  advisable  to  pro- 
vide separate  filters  for  dealing  with  storm  waters,  and 
to  let  the  filters  which  :ire  dealing  with  ordinary  sewage 
go  on  during  rainy  weather  dealing  with  the  same  quan- 
tity that  they  do  in  dry  weather  ?— These  experiments 
distinctly  point  to  the  fact  that  you  may  use  the  beds 
that  are  used  for  ordinary  sewage  for  the  treatment  of 
the  storm  water  because  these  have  been  treating  sewage 
all  along. 

3946.  {Major-General  Carey,)  Up  to  a  certain  point? 
— On  the  intermittent  principle  since  they  were  first  con- 
structed. 

3947.  Up  to  a  certain  volume  surely,  because  you  told 
me  in  answer  to  my  question  that  there  was  a  dilution — 
a  very  small  dilution  ? — ^A  very  small  dilution,  because  it 
is  a  separate  system  of  sewage,  1^,  say  to  2,  would  be  the 
difference. 

3948.  {Colonel  Harding.)  But  if  these  results  are  re- 
lialle,  surely  they  point  to  the  possibilitv  of  being  able 
to  work  the  filtm  under  ordinary  conditions  also  to 
some  extent  on  a  continuous  plan  ? — So  you  can. 

3949.  Then  have  you  experimented  to  find  out  for  how 
many  hours  you  might  allow  the  flow  to  continue  through 
the  filter  with  satisfactory  results  ? — Having  regard  to  the 
original  experiments  I  mentioned  this  morning,  at  Bark- 
ing, when  we  worked  the  beds  tlirough  continuously,  and 
found  that  th^  working  capacity  was  reduced  from 
1,000,000  gallons  to  200,000  gaUons  per  acre  per  day,  I 
have  never  felt  inclined  to  repeat  that  experience,  because 
we  found  that  by  the  intermittent  working  we  could  keep 
the  five  beds  working  at  the  rate  of  1,000,000  gallons. 

3950.  I  quite  appreciate  that  you  believe  that  a  certain 
number  of  hours  of  aeration  is  absolutely  necessary? — 
With  crude  sewage  especially. 

305L  But  would  it  not  be  possible  to  obtain  more  work 
through  a  filter  if  you  were  to  give  it  twice  in  the  twenty- 
four  hours  an  empty  rest  of  four  hours,  and  use  the  time 
so  gained  for  continuous  flow? — Say  continuous  flow  of 
night  sewage  for  instance,  of  the  light  night  sewage. 

3952.  Well,  take  day  sewage  as  it  is ;  for  instance,  you 
take  an  hour  to  fill  your  bed  and  then  you  allow  the  flow 
to  continue  for  six  hours  more,  then  you  stop  the  flow 
and  it  takes  an  hour  to  empty  ;  you  then  allow  four  hours 
rest ;  that  would  make  up  a  cycle  of  twelve  hours  ?— Yes. 

3953.  Have  you  experimented  at  all  to  see  whether  that 
is  practical,  because  it  seems  to  me  that  if  your  experi- 
ments with  storm  water  are  reliable  they  rather  point  to 
the  possibUity  of  doing  this  ? — ^I  quite  follow  you,  and  I 
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think  that  might  very  well  be  done  with  the  weak  nigufc  Mr.  w.  J. 
sewage,  but  1  du  not  think  it  would  be  a  good  plan  witii     Dibdin, 
the  day  sewage,     Wc  did  something  of  the  kind  with  oui  ^•^•°>»^^-^ 
No.  2  bed,  the  one  that  was  stratified,  and  from  time  lo  i^.Iftn«i899. 
time  that  bed  gave  considerable  quantities  of  sulphides 
and  sulphuretted  hydrogen,  and  it  was  not  satisfactory, 
but  whether  it  would  have  done  that  if  we  had  used  it,  it 
the  bed  had  been  constructLd  of  the  same  sized  mateiial 
right  down  its  depth  I  caimot  point  to  any  special  experi- 
ment to  answer  your  question  ;  but  unless  the  sewage  was, 
say,  weak  night  sewage,  I  should  doubt  it.   Well,  I  should 
like  to  seje  the  result ;  I  think  it  is  worth  trying. 

3954.  Now  as  to  tlie  reduction  of  capacity  of  the  coarse 
beds,  I  she  lid  like  to  know  what  you  find  to  be  ehe  form 
of  the  accumulations.  They  do  not  take  the  form  of 
sludge  accumulating  in  the  bottom  of  the  bed,  do  they? 
— No,  the  accumulation  is  very  much  more  in  the  upper 
layers,  where  in  consequence  of  that  portion  having  lees 
water,  being  in  contact  with  water  for  a  less  time,  it  is 
the  last  to  be  filled,  and  it  is  tj^e  first  part  of  the  bed  to 
uo  emptied  ;  there  the  deposit  upon  the  Eurface  of  the 
coke  is  in  a  pasty  condition,  soft,  ver^'  soft  indeed,  but 
still  having  a  certain  amount  of  consistency.  A  piece  will 
support  its  o\<n  shape  for  a  little  while,  but  as  you  pro- 
ceed down  in  the  depths  of  the  bed,  and  a  veiy  short 
distance  below  the  surface  it  begins  to  get  more  liquid — 
there  is  more  and  more  water  until  it  is  perfectly  liquid,  it 
would  not  hold  its  own  shape  at  all,  it  is  a  sort  of  liquid 
mud. 

3955.  Then  the  accumulations  t  ^ke  the  form  of  deposit 
upon  the  coke,  which  depoat  in  the  upper  layers  is  uiier, 
and  in  the  lower  layers  very  much  wetter  ? — That  is  so. 

3956.  Tou  had  the  opportunity  recently  of  digging  down 
in  Leeds  to  the  bottom  of  the  coarse  bed  ? — That  is  s  j. 

3957.  It  might  perhaps  interest  the  Commission  if  you 
explained  what  you  found  to  be  the  condition  of  the  bed ; 
was  there,  for  instance,  any  putrid  smell  in  any  part  of  it  ? 

3958.  {Professor  Foster.)  Might  we  ask  what  was  the 
history  of  the  bed  just  previously  to  its  being  dug  into  ? 

3959.  {Colons  Harding.)  It  had  been  continuously 
working  for  some  three  months  upon  partizdly  bottled 
sewage? — The  bed  had  had  more  than  twelve  months 
work,  and  the  rough  of  the  suspended  matters  had  reccndy 
been  taken  out  by  allowing  the  sewage  to  pass  through,  I 
understood,  the  first  of  the  set  of  precipitation  tanks.  It 
takes  about  forty  minutes  for  it  to  pass  through  that 
tank,  so  that  you  may  say  it  had  about  forty  minutes 
rough  settlement.  Well,  you  could  hardly  call  it  a 
settlement,  and  yet  it  was  allowed  to  settle  as  the 
sewage  was  travelling  at  considerable  velocity  through 
the  tank  during  the  time,  so  that  the  settlement 
was  not  a  complete  settlement  in  the  sense  that  the  whole- 
of  the  suspended  matters  were  taken  out.  The  heavy 
matters  were  only  removed  or  partially  removed.  I 
went  all  over  the  bed  very  carefully,  and  there 
was  a  hole  dug  right  down  to  the  very  bottom  of  the 
bed,  and  I  had  samples  taken  from  different  parts,  and 
nowhere  on  the  bed  could  I  detect  any  odour  whatever. 
The  samples  of  coke  taken  up  at  different  depths  had  only 
that  usual  slight  earthy  odour ;  there  was  no  s'gn  of  putre- 
factive odour  at  all.  The  top  portions  of  the  coke  were 
fairly  dry,  with  a  sort  of  plastic  clay-like  stuff  dark  in 
colour  attached  to  them,  and  as  we  proceeded  down  the 
deposit  on  the  coke  became  more  and  more  liquid,  until 
it  had  more  the  appearance  of  liquid  mud  at  the  bottom — 
on  a  particle  of  coke  being  taken  up,  the  deposit  upon  it 
would  drop  away  like  liquid  mud.  I  took  samples  of  this 
material,  mixing  them  from  the  top  to  the  bottom  of  the 
bed  so  as  to  get  a  fair  average,  and  I  found  as  the  result  of 
careful  examination  that  they  contained  SB  per  cent,  of 
water,  about  7^  per  cent,  of  organic  matter,  and  7  per  cent, 
of  mineral  matter,  which  consisted  of  about  equal  propor- 
tions of  oxide  of  iron  and  silica.  The  organic  matter 
under  the  microscope  I  found  to  consist  of  particles  of  true 
sewage  dibris,  muscular  fibre,  spiral  vessels,  and  such 
like  matters,  but  with  these  large  numbers  of  organisms, 
many  of  them  being  baccili  and  micrococci,  and  so  on,  were 
present  in  very  large  numbers,  many  of  them  freely  moving 
about.  But  what  struck  me  most  was  the  presence  c3 
colonies  of  baccili.  On  being  squeezed  out  between  the 
microscope  slide  and  the  cover  glass  they  spread  out  as 
a  mass,  and  it  could  be  clearly  seen  that  of  this  organic 
matter  undoubtedly  a  very  large  proportion  was  re^Uy 
living  organic  matter. 

3960.  {Professor  Foster,)  How  much  would  you  say — 
one  half  or  one  third  ? — ^As  you  know,  it  is  very  difficult. 

3061.  Oh,  quite  roughly?— The  preponderance  of  these 
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Mr.  w.  J.  was  80  great  that  I  shomld  not  hesitate  to  saj,  as  a  matter 
T^^^Qg  0^  opinion,  probably  not  far  short  of  cue  half  of  the  whole 
'.  '^Lmi  '  '  thing  was  simply  alive,  and  when  under  an  ordinary  ooser- 
l8J«n^^80P.  vation  you  would  see  a  granular  particle,  which  you  migh: 
easily  pass  over  as  so  much  amorphous  organic  macicr, 
under  the  higher  powers,  it  was  found  to  be  colonies  of 
micrococci,  so  that  I  should  feel  inclined  to  assume  that 
at  least  one  half  of  the  organic  matter  was  living  matter. 

3962.  Were  the  micrococci  specially  abundant,  a  mean 
more  abundant  than  the  bacteria  or  baccili  ? — ^I  should  not 
like  to  say  that,  sir. 

3063.  {Colonel  Harding.)  Then,  Mr.  Dibdin,  water 
formed  the  greater  part  of  this  deposit? — 85  per  cent. — 
85^  per  cent. 

3064.  So  that  the  reduction  of  capacity  may  be  said  to 
arise  from  the  retaining  of  water  in  the  filter,  or,  in  other 
words,  be  due  to  the  filter  not  emptying  during  the  periods 
of  rest  ?— Clearly  because  the  water  is  contained  partly  in 
tho  interstices  of  the  coke,  and  in  combination  with 
ihia  muddy  deposit,  and  if  the  filter  bed  could  be  driao 
absolutely  its  capacity  would  be  approximate  to  what  it 
was  originally,  but  by  reason  of  this  quantity  of  water 
being  retauied  in  the  bed  the  auantity  of  water  which 
eould  be  put  into  the  bed  would  be  reduced  propor- 
tionately. 

3066.  As  a  fact,  during  the  whole  period  of  the  rest 
there  is  a  flow  from  the  bed  ? — ^Yes. 

3066.  A  trickling  through  the  bottom  ? — Yes.  You  can 
quite  understand  if  you  have  a  mass  of  coke,  and  you  draw 
away  ihe  water,  you  have  constantly  trickling  down  the 
sides  of  each  particle  of  coke  a  certain  quantity  of  water, 
and  that  will  accumulate  at  the  bottom,  and,  as  matter  of 
fact,  it  may  be  days  or  weeks  before  a  bed  will  cease  to  give 
a  certain  small  trickle  of  effluent. 

3067.  Then,  do  you  not  think  that  the  reduction  of 
capacity  may  therefore  be  ascribed  in  part  to  the  break- 
ing down  of  the  coke' itself,  those  particles  broken  off  from 
the  larger  pieces  of  coke ;  would  not  this  account  for  the 
reduction  of  capacity.  These  smaHer  particles  coming 
together  and  forming  dihris  in  the  lower  part  of  the  bed 
would  probably  by  capillary  attraction  retain  the  water, 
and  so  prevent  the  usual  emptying  of  the  filter ) — ^Tes.  I 
do  not  know  that  the  breaking  down  of  the  coke  would 
have  much  to  do  with  it,  except  from  the  point  of  view 
that  the  capillary  attraction  might  perhaps  hold  somewhat 
more ;  because,  suppose  you  took  a  fragment  of  coke  you 
would  have  a  certain  amount  of  water  held  up  by  capillary 
4ittraction  upon  the  surface  of  that,  but  if  you  break  up 
that  piece  of  coke  into  half  then  you  have  additional  sur- 
faces exposed,  and  each  cf  those  new  surfaces  would  hold  a 
certain  quantity  of  water,  but  having  regard  to  the  fact 
that  the  coke  in  a  bed  is  lying  there  as  a  mass,  although  it 
has  been  dug  into  here  and  there,  still  the  disturbance  '.s 
very  small  as  compared  with  the  whole  mass.  I  should 
hardly  think  that  any  brealdng  of  the  coke  would  have  any 
material  effect.  I  think  that  the  quantity  of  water  which 
is  held  by  the  matters  deposited  in  the  bed  would  account 
for  it  all,  and  as  these  matters  get  broken  down  by  the 

;  sewage  so  much  water  passes  away  with  them,  and  then 
in  that  case  your  capacity  goes  up  again. 

3068.  Then  how  should  you  account  for  the  somewhat 
rapid  reduction  of  capacity  of  a  rough  bed  when  once  it 
has  been  established? — Well,  I  must  confess  there  are 
problems  here  which  require  investigat  on.  Whether  or 
not  in  the  case  of  Leeds,  the  iron  has  s  >  much  to  do  with 
it  in  the  way  of  having  an  antiseptic  action  or  not  is  one 
which  I  must  confess  I  am  not  quite  happy  about, 
because  if  that  was  so,  if  the  iron  was  the  only  thing  at 
fault  then  we  ought  to  have  no  reduction  of  capacity  at 
Sutton,  because  we  have  no  iron.  But,  of  course,  we  dj 
get  a  reduction  of  capacity,  and  the  problem  we  have  before 
us  now  is  as  to  what  will  be  the  maximum  reduction  of 
capacity  consistent  with  the  beds  keeping  and  remaining 
in  a  good  working  condition.  They  will  work,  give  a  per- 
fectly sweet  and  good  effluent  when  the  capacity  is  reduced 
down  to  even  10  per  cent. — 12  per  cent. ;  the  effluent  is 
admirable,  nothing  whatever  the  matter  with  it,  in  fact  we 
get  a  better  one  than  we  do  when  the  capacity  is  at  its 
normal.  But  the  question  arises  will  it  keep  at  12  per 
cent.  ?  I  cannot  help  looking  at  the83  tables,  and  I  say 
yes,  it  will  go  above.  It  has  gone  above  at  Sutton.  We 
had  reduced  from  32  per  cent,  in  November,  1806,  to 
12  per  cent,  on  October  6fch,  1898,  in  two  years,  and  the 
argument  would  probably  clearly  be  to  any  impartial 
person  lookincj  at  that:  Oh,  the  whole  thing  is 
done  for.  Well,  we  go  on.  November  27th,  its  capa- 
city has  gone  up  to  13,  December  5th  it  has  gone  up  bo 
17 j[  per  cent.,  then  on  January  11th  it  goes  down  to  14  per 


cent.,  so  that  we  get  here  from  October  6th  to  January 
11th,  a  wavering  between  12  to  17^  per  cent.,  and  just 
as  that  bed  might  have  been  said  to  be  perfectly  useless  a 
few  weeks,  say  three  months  after  its  start,  it  kesptt 
on  working ;  it  has  three  fillings  a  day,  and  the  effluents 
are  admirable.  Well,  let  it  be  said  that  its  maximum 
working  capacity  is  12  per  cent.  If  you  can  keep  a  bed 
to  that,  a  water  capacity  of  12  per  cent.,  and  maintain  that, 
with  two  to  three  fillings  a  day,  then  you  get  a  resolt  sack 
as  we  never  dared  to  dream  of  a  very  short  time  back.  I 
am  allowing  for  the  very  worst  possible  conditions,  and, 
therefore,  I  cannot  say,  having  these  facts  before  me, 
with  a  sewage  in  which  there  is  no  iron — ^practically  none 
— ^we  cannot  put  the  reduction  of  the  capadty  of  the  Leedd 
bed  down  to  the  iron. 

3060.  But  you  speak  of  a  reduction  to  12  per  cent.  ?— 
Down  to  12  per  cent. 

3970.  12  per  cent,  of  the  total  capacity  of  the  bed?— 
Of  the  total  capacity  of  the  empty  tank. 

3971.  {Major-General  Carey.)  It  is  the  reduction  of  the 
original  water  capacity  to  12  per  cent  ?-— It  is  .  he  reduction 
of  the  original  water  capacity  of  32  per  cent,  of  the  tank 
to  12  per  cent,  of  the  tank ;  that  is  to  say,  a  reduction  t  ^ 
really  one-ninth  of  the  original  tgtal  cubic  contents. 

3972.  {Colonel  Harding.)  Take  the  measures  for  the 
I^ecds  bed  ;  the  original  capacity  of  the  bed  before  any 
coke  was  put  into  it,  was  roughly  180,000  gallons  ? — ^Yes. 

3973.  During  the  greater  part  of  the  year  1898  the  work- 
ing capacity  was  45,000  gallons  per  filling  ?— -Yes. 

3074.  Well,  that  is  25  per  cent.  ?— Yes.  Then  at  Sut- 
ton we  work  about  one-half  that  on  one  of  the  beds. 

3975  At  Sutton  you  work  about  one-half  tljai?--At 
Sutton  we  work  about  half  that 

3976  Then  at  the  worst  Leeds  has  not  approached  any- 
where near  the  loss  of  capacity  that  you  have  met  with 
at  Sutton? — ^^io,  and  we  have  worked  for  2^  years,  and  we 
have  had  it  fluctuating  down  to  12  per  cent,  and  up  to  18 
per  cent.,  and  still  it  is  working  three  times  a  day  and 
giving  good  results. 

5977.  The  reduction  of  capacity  does  not  necessarily  in- 
volve bad  results  as  to  effluent,  but  rather  the  contrary  1 
— On  the  contrary  some  of  our  results  are  undoubtedly 
best  when  the  capacity  of  the  bed  is  lowest. 

3978.  I  suppose  you  would  consider  that  the  recent  re- 
sults at  Leeds,  of  wiiich  you  have  had  experience  in  analys- 
ing in  your  laboratory,  are  the  best  that  have  been  at- 
tained ( — Yes  ;  I  think  that  was  shown  by  the  Tables  I 
have  put  in. 

3979.  Although  the  capacity  was  reduced  to  its  lowest? 
— les  ;  tliat  is  the  point,  aicnough  the  capacity  gradually 
went  down  ;  and  to  one  looking  at  it  purely  from  the 
question  of  capacity,  it  wou^d  appear  as  if  the  whole  thing 
was  going  to  be  a  dead  failure,  but  when  you  looked  at 
the  results,  the  effluents  you  were  getting,  it  was  seen 
that  the  results  were  excellent,  and  the  only  question  was 
as  to  what  is  the  total  amount  of  work  that  you  can  do 
with  an  acre  of  these  beds  in  perpetuity,  or  until  such 
time  as  it  may  be  necessary  to  renew  the  stuff  or  to  shift 
the  stuff  in  the  bed. 

3980.  Then  it  would  be  clearly  a  valuable  experiment 
to  make  to  continue  working  a  bed  uotwanstanaing  lut 
steuuy  reiiuctioii  of  capacity  to  its  ultimate  issue  V — I 
strongly  advise  that.  I  strongly  advise  that  to  find  out 
what  the  bed  will  not  do,  and  the  only  way  you  can  du 
that  is  to  go  on  working  it.  If  it  proves  that  ui  the  long 
run  the  qtuintity  tiiat  it  will  take  is  so  small  that  the  ex- 
penses of  the  bed  and  the  renewal  of  the  bed  becomes  too 
heavy  an  amount  we  know  exactly  where  we  are,  but  until 
we  have  proved  that  point  i  cannot  positively  state  u^a  - 
thing  upon  it  except  that  up  to  the  present  the  bed  is 
doing  so  much  work  and  doing  it  satisfactorily.  The  ques* 
tion  is  this :  if  it  is  to  be  stated  that  it  shall  not  cost  more 
than  a  certain  amount  to  treat  1,000,000  gallons  of  sewage  ; 
then  we  have  a  monetary  standard  to  go  by  as  to  what  we 
may  call  efficient  or  non-efficient,  because,  supposing  you 
were  to  say,  for  the  sake  of  argument,  "  iou  shall  not 
spend  more  than  10s.  a  million  gallons  for  treating  the 
sewage,  never  mind  how  good  your  results  may  be  "  ;  then 
we  would  say  the  process  would  be  a  failure  if  it  cost 
10s.  6d.,  although  the  results  may  be  excellent,  but  ,if 
the  process  will  carry  out  the  purification  of  the  sewage 
for:  9s.  6d.,  we  will  say,  per  million  gallons,  uien  are  we 
to  take  it  that  that  would  be  a  satisfactory  result,  and 
that  is  really  to.niy  mind  what  is  the  argument  with  regard 
to  these  beds.  That  they  will  treat  the  sewage  ;  that  they 
will  dispose  of  the  sludge  I  venture  to  think,  with  all 
due  submission,  is  as  an  ascertained  fact,  because  if  we 
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have,  say  take  tliat  original  Suttoa  b«d,  W  throw  out  the 
whole  of  the  material  in  that  and  to  put  in  new^  we  should 
have  tiiat  bed,  we  know,  capable  of  working  for  another 
2|  years ;  but  as  a  matter  of  fact  it  has  not  yet  come  to  the 
pass  when  it  is  necessary  to  disturb  that  bed  in  any  wa^. 
It  is  working  well,  it  is  a  very  good  digester,  »and  it  is 
doing  its  work,  and  if  we  are  to  limit  what  I  may  call  the 
«uccei»  of  the  process  to  that  point  at  which  it  is  to  cost 
OB  so  much  money,  then  1  say  we  .have  another  standard 
I  do  not  know  whether  I  have  made. myself  olsar,  but  it 
really  comes  to  this  :  the  process  is  clearly  one  which  will 
purify  sewage,  the  only  question  we  have  to  ascertain  is, 
aay  take  it  over  a  period  of  five  or  ten  years,  what  will 
he  t)ie  cost  of  doing  it? 

3981.  Then  you  suggest  that  notwithstanding  the  re- 
daction of  capacity  there  will  be  no  reduction  of  the  volume 
tn-at«d  in  twenty-four  hours,  because  you  may,  when  the 
bed  is  thor.>ugbly  established,  increase  the  number  of 
fillings  t— Well,  it  appears  to  be  so.  It  all  depends  upon 
the  quality  of  the  sewage.  In  some  cases  where  it  is  very 
«tronff  you  must  modify  that,  in  other  cases  where  it  is 
ver>'  dilute  sewage  you  may  undoubtedly  get  a  much  larger 
amount  of  work  done  for  your  area  and  depth. 

3062.  (2>r.  Bussell)  There  is  no  doubt  that,  as  you  put 
it,  the  ultimate  result  of  th!s  phenomenon  of  reduced 
capacity  works  out  in  the  extent  of  engineering  works  and 
the  capital  outlay  ;  but  still  the  scientilic  fact  remaons,  and 
one  would  like  to  know  what  explanation  can  be  arrived  at 
in  regard  to  it.  What  you  have  said  amounts  very  much  to 
<ttiving,  as  vou  watched  the  dim'nution  of  this  capacity, 
that; :  "  Oh'it's  all  right.  What  has  happened  before  will 
liappen  again  ;  it  will  recover.*'  But  have  you  applied  your 
mind  to  the  consideration  cf  what  is  really  behind  this  fact. 
What  is  the  explanation ;  under  what  conditions  does  the 
«ubic  capacity  diminish  and  then  recoyer  itself? — ^I  think 
the  continuation  of  the  process  of  hydrolysis,  the  breaking 
down  and  rendering  into  solution  the  organic  matters, 
which  is  carried  on  by  the  bacteria  in  a  bed,  accounts  for 
this  increase  of  capacity ;  but  if  you  give  them  time,  the 
bed  wiU  recover  its  initial  capacity,  excej^t  for  the  small 
amount  of  mineral  matter.  Then  I  say  give  the  bacteria 
time  and  the  rest  will  go  ;  that  is,  7  per  cent,  of  organic 
matter  and  the  86  per  cent  of  water  will  all  go  with  it, 
and  the  bed  will  reoover  itself  entirely,  because  that  hap- 
pened with  the  original  fine  bed  at  Barking,  and  I  had  the 
same  thing  as  1  have  pointed  out  to  the  Commission  ab 
Aylesbury.  There  by  accident  a  quantity  of  sludge  was 
put  upon  the  fine  beds,  and  the  beds  becime  perfeotly  use- 
less, but  by  rest  they  recovered  themselves  completely. 

3083.  I  gather  that  one  set  of  circumstances,  from  what 
you  said  to  Oolonel  Harding,  was  this,  that  an  addition 
t^kes  place  to  the  particles  retained  in  the  filter,  that  this 
increases  capillary  attraction,  and  leads  to  an  accu- 
mulation of  water,  and  that  as  the  bacterial  action  went  on 
of  course  the  particles  diminish  and  the  capillary  attraction 
decreases,  and  the  water  flowed  off  containing  dissolved 
organic  matter  1 — That  would  be  ^o.  I  ihink  that  is  pretty 
clear."  It  quite  agrees  with  my  own  experiments  with 
meat,  that  as  the  meat  gradually  dissolved  so  of  course  the 
capacity  of  the  bed  became  greater,  and  you  may  take  it 
it  does  not  matter  whether  your  particle  of  organic  matter 
is  a  inicroscopio  atom  of  muscular  fibre  or  a  larger  particle, 
the  same  action  will  take  place. 

2d84.  Then  it  follows  that  this  process  of  recovery  woold 
go  on  in  warm  weather,  in  summer  weather  ? — ^Y ery  much 
more  so  in  the  hot  weather.  That  was  shown  most  clearly 
by  the  Massachusetts  experiments,  and  quite  in  confor- 
mity with  all  my  own  results,  that  in  the  warm  weather  you 
get  bacterial  action  in  an  ixifinitely  greater  rate ;  in  fact, 
it  is  almost  dormant  during  the  severe, cold  weather ;  the 
beds  store  up  stuff  and  the  bacteria  will  overtake  their 
work  and  destroy  more  per  day  than  is  supplied  to  them 
during  the  warm  weather  in  summer. 

3085.  So  that  if  your  water  capacity  was  going  back 
during  the  winter  you  would  expect  that  it  would  recover 
during  the  warm  weather  of  the  summer? — Oh,  that  is  so. 
I  have  no  doubt  whatever.  That  is  quite  in  conformity 
with  this  table  on  Leeds.  There  we  started  in  the 
winter,  and  i,»ur  capacity  went  down  to  June.  On  the 
Oih  April  it  was  42,000  gallons,  nearly  43,000  gallons. 
There  was  a  steady  decline,  then  on  the  16th  June  it 
went  up  to  43,000  gallons  after  rest.  It  is  a  pity  the  en- 
forced rest  took  place ;  of  course  it  could  not  possibly  be 
helped ;  the  water  capacity  on  the  28th  Julv  was  56,000 
gallons.  It  varied  ;  it  went  down  to  46,000,  40  000 ; 
September  46,000  again,  but  it  shows  there  that  when  we 
ceased  to  put  on  the  crude  unsettled  sewage,  and  the  capa- 
city was  40,000  when  the  settled  sewage  was  put  on.  then 
the  capacity  rose  to  46,000  gallons,  showing  that  there  was 
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a  destraction  of  the  matters  in  the  bed  to  the  extent  of   Mr^^WyJ. 
6,000  gallons,  although  it  was  receiving  settled  sewage ;  bttt  ^^ij^'g^ 
then  Sie  settled  sewage  carried  in  a  considerable  quantity       J-1 ' 
of  organic  matter ;  yet  in  spite  of  that  daily  increment  <^18  Jm.  l«o 
organic  matter  the  capacity  of  the  bed  continued  to  rise. 
Then  with  the  advent  of  the  cooler  weather  the  capacity 
has  now  gone  down,  I  understood  Colonel  Harding  to  say, 
to  30,000  gallons. 

3986.  {Colonel  Harding.)  Oh,  more  than  that— 30^000 
to  35,003  gallons  ?--35,000  gallons,  and  probably  with  the 
advent  of  warm  weatlier,  if  the  mineral  matter  be  kept  off 
you  would  have  that  by  next  summer  up  again  to  45,000  to 
50,000  gallons.     It  appears  to  me  that  that  would  be  so. 

3987.  (Major-General  Carey.)  I  do  not  see  how  it  would 
be  possible  to  design  any  works  on  these  varying  a%ta  9— - 
Except  this,  sir,  that  if  you  take  the  minimum  data.  Here 
we  are  saying  what  can  be  done  upon  the  beds,  but  if  jou 
take  the  wprst  results  you  have  here,  not  your  be8t  or  your 
average,  take  your  worst  results  and  design  your  works  on 
that. 

3088.  But  in  your  Leeds  experiment  46,000  galiont  on 
October  6th  did  not  represent  finality  at  all,  as  Ookinel 
Harding  has  pointed  out  to  you ;  you  have  gone  on  daily 
reducing  to  3O,O^[)0  ? — Tes  ;  because  I  am  speaking  tbere 
with  regard  to  the  temperature.  Thac  reduction  follows 
the  cooler  weather,  that  as  the  weather  gets  colder  you 
get  your  bacterial  action  less  active,  and  with  the  return  of 
the  warm  weather  you  will  get  it  aocelerating,  and  the  re- 
sult will  bo  that  you  will  get  in  a  bed  just  the  average 
quantity  of  sewage  per  day  with  which  it  can  Buccessfully 
deal.  A  table  showing  the  daily  results  would  oscillate, 
showing  that  the  oapaci^  of  the  bed  in  the  winter  would 
be  much  less  than  it  is  in  the  summer. 

3939.  That  all  reaUy  means  continued  experiments  to 
ascertain  these  as  undoubted  facts  1 — It  does  with  regard 
to  the  maximum  capacity  of  the  beds,  but  not  with  regard 
to  the  capability  of  the  beds. 

3990.  The  maximum  working  capacity  ?-^Tes,  if  yoa 
base  your  works  upon  what  you  know  to  be  the  minimum, 
upon  your  safety  point,  then  you  mav  orcoeed  with  every 
confidence.  • 

3991.  If  you  have  got  to  a  safety  point  ? — ^I  do  not  know 
how  long  it  may  be.  The  fine  beds  have  gone  on  for  seven 
years,  and  there  is  no  trouble  with  these  from  beginning 
to  end.  There  is  no  trouble  with  the  coa.se  beds.  The 
only  question  with  the  coarse  beds  is  how  much  sewage 
can  they  take,  and  if  we  have  the  capacity  of  coarse  be£, 
which  will  deal  with  the  sewage  on  the  minimum  of  oui 
known  results,  then  we  have  a  safety  point,  I  think, 
beyond  which  we  need  not  g'>. 

3992.  In  the  Leeds  report,  page  46,  it  is  stated :  "  It 
has  been  assumed  from  the  experiments  at  Sutton  and 
elsewhere,  with  domestic  eewage,  that  the  working  capacity 
of  a  bacteria  bed  fuUy  established  is  two-thirdi  of  the 
original  water  capacitor."  That  docs  not  agree  with  what 
you  have  stated  as  to  the  21  per  cent? — At  the  time  we 
started  the  Leeds  experiments  our  capacity  cf  the  Sutton 
beds  was  32  per  cent.  That  w.!s  after  nine  months  work- 
ing. 

3993.  {Colonel  Hardhuj.)  But  when  speaking  of  32  per 
cent,  you  are  speaking  of  32  per  cent,  of  the  original  total 
capacity  ? — 32  per  cent,  of  the  original  total  capacity. 

3994.  But  in  the  passage  referred  to,  where  it  is  said  on 
your  authority  that  the  normal  capacity  would  be  two- 
thiras,  what  is  there  referred  to  is  two-thirds  of  the  water 
capacity,  which  is  quite  a  different  thing,  is  it  not? — Well, 
if  you  take  the  case  of  Leeds  they  work  out  very  much  the 
same  thing.  It  is  one-third  of  the  total  capiclty.  If  you 
take  the  two-thirds,  the  water  capacity  there  as  80,  the 
working  capacity  came  down  to  two-thirds  of  that,  some- 
thing about  55  we  will  say.  I  am  not  quite  certain 
that  that  expression  is  mine,  the  two-thirds  of  the 
water  capacity,  because  when  I  read  it  in  this  renort  it 
seemed  to  me  a  new  expression  entirely.  But  notwith- 
standing, it  so  closely  approximates  to  the  facts,  that  I  let 
it  run.  It  was  the  same  thing ;  one-third  of  the  total 
capacity ;  the  total  capacity  of  the  Leeds  beds  165,000, 
the  working  capacity  55,000,  that  is  to  say  the  normal 
until  the  reduction  took  place. 

3995.  The  difference  is  quite  small? — Quite  fmalL 

3996.  The  total  capacity  was  180,000  gallons ;  one-third 
of  that  would  be  60,000  gallons  ? — It  is  practically  the  same 
thing:. 

3997.  And  the  two-thirds  of  the  water  capa.ity  is  55,00.1 
gallons  ? — Yes  ;   it  came  to  the  same  thing. 

3998.  It  Is  substantially  the  siuno  thing  ? — 1' 
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3909.  (Dr.  BusseU,)  I  underatood  you  to  aaj  that  duxing 
liie  resting  full  period  a  deposit  was  taking  place  in  the 
poves  of  the  filters  and  the  particles  ? — ^I  think  it  must  be. 

4000.  It  seems  a  reasonable  theoiy.  That  points  to 
another  position — ^that  a  filter  bx.d  used  after  a  process  of 
precipitation  will  not  require  such  a  long  resting  period,  as 
in  your  case,  when  you  deal  with  crude  sewage  1— -Yes. 

4001.  Do  the  theoir  you  have  given  in  expressing  per- 
••nt^^eB    of    time    the    distribution    of    these    various 

SB  of  the  life  of  a  filter,  as  it  were,  between  filling,  rest- 
full,  emp^fing,  resting  empty  ? — The  time  m  not  given 
there,  but  the  principle  upon  which  it  always  appear^  to 
me  to  be  the  best  to  act  is  to  fill  a  bed  as  rapidly  as  you 
OMi ;  in  order  to  save  time,  the  faster  you  fill  a  oed  the 
more  time  you  have  for  the  suJbsequent  operations,  becausD 
we  cannot  suppose  that  there  is  very  much  work  done, 
deposited  in  the  bed  during  the  period  of  filling.  Fill  it 
up  as  fast  as  you  can,  then  let  it  rest  two  hours,  and  then 
draw  off  as  slowly  as  you  can,  but  I  do  not  think  it  makes 
any  very  material  difference  whether  yon  are  a  little  longer 
or  shorter  time  in  drawing  off,  except  that,  of  course,  &e 
quicker  you  can  dri^w  it  consistent  with  fairly  good  effluent 
the  more  time  you  will  have  to 

4002.  The  two  active  periods  being  the  resting  full  and 
the  resting  empty? — ^The  resting  fuU  and  the  resting 
empty,  yes. 

4003.  {CoUmd  Harding.)  There  is  just  one  point,  if  I 
might  bring  this  out.  The  last  dribbling  frc»n  a  bed  you 
find  to  give  i^e  best  results  ?— Tes,  that  is  almost  always 
the  case. 

4004.  Is  that  quite  distinctly  so  ? — ^I  think  so,  yes. 

4006.  Then  would  it  not  be  possible  to  entertain  that 
condition  by  continuing  a  dribbling  supply  at  the  same 
rate  ?— Yes  ;  but  then  the  question  is  whether  the  total 
quantity  of  work  yuu  would  get  done  in  the  bed  would  be 
sufficient  for  your  purpose ;  but,  of  course,  if  you  could, 
decidedly;  but  then  it  becomes  a  question  of  sufficient 
quantity. 

4006.  {Major-General  Carey.)  It  is  generally  assumed 
that  the  filters  will  be  worked  night  and  day? — ^Well,  that 
would  have  to  be  dealt  with  in  regard  to  the  sise  of  the 
works.  In  small  works,  where  the  sewage  can  be  stored 
for  the  night,  well,  it  saves  cost ;  it  saves  labour,  it  practi- 
cally saves  a  night  attendant  if  all  the  work  can  be  done  in 
the  day,  and  the  sewage  all  pumped  imto  a  tank,  and  then 
pumped  all  up  in  the  morning  with  the  morning's  sewage ; 
but  there  you  have,  as  in  almost  every  case  you  have,  the 
fact  that  liie  night  soil  is  very  weak,  very  poor.  I  tiiink 
that  that  might  very  well  be  worked  upon  the  lines  upon 
which  the  sewage  has  been  treated  from  a  house  upon  this 
principle.  It  was  the  first  place  upon  which  the  coarse  beds 
were  tried,  and  that  is  the  Claybury  Asylum ;  not  the 
sewage  of  the  whole  of  the  Asylum,  but  nearly  all  what 
they  call  the  private  patients  ward.  The  old  Mansion  House 
has  about  fifty  people  in  it.  There  the  sewage  flows  on  to 
a  coarse  bed,  having  a  capacity  sufficient  to  take  the 
twenty-four  hours'  flow,  and  in  the  morning  an  attendant 
diverts  the  flow  of  sewage  on  to  a  corresponding  bed,  and 
•pens  the  outlet  of  the  one  that  has  been  receiving  the 
sewage,  and  the  effluent  from  that  individual  case  goes 
straight  away  into  the  brook.  They  do  not  even  use  a 
second  fine  bed. 

4007.  That  is  the  night  sewage?— No;  it  is  the  twenty- 
four  hours,  the  whole  twenty-four  hoyrs.  That  has  been 
working  now  for  over  three  years,  and  giving  every  latia- 
l^action.  It  stopped  a  nuisance  they  were  committing 
before.  Now,  if  that  can  be  done  with  the  whole  of  the 
twenty-four  hours'  fiow  of  sewage,  why  can  we  not  do  the 


same  thing  with  the  weak  night  sewage,  only  let  it  go  oo 
to  a  bed  having  a  capacity  sufficient  to  take  the  whole  of 
the  night's  flow. 

4008.  Then  how  long  would  it  remain  in  the  filter?— In 
the  morning,  as  soon  as  the  man  arrived  he  would  diveri 
the  sewage  on  to  the  ordinary  beds,  and  turn  it  off  from 
the  night  fiow  bed  into  the  fine  beds. 

4000.  But  would  not  the  fact  that  the  sewage  which  re- 
mained, weak  as  it  was,  had  remained  in  the  filter  all  night, 
render  it  putrid  or  liable  to  become  putrid  ? — ^No ;  tha^ 
has  not  been  found  to  be  the  case  at  Claybury,  and  thate  ii 
another  one  been  put  down  at  Northumberland,  and 
various  others.  It  has  not  been  found  to  be  the  case.  The 
thing  works  very  well  indeed,  and  I  heard  only  the  ot  .er 
dav  df  a  place — I  wanted  to  get  the  full  particulacs,  but 
unfortunately  I  was  prevented  for  the  moment — ^wliere  thif 
had  been  really  uiing  this  intermittent  system  of  working, 
which,  after  all,  is  only  a  modification,  as  I  explainea 
before,  of  Sir  Edward  Frankland's  downward  inter- 
mittent process,  for  over  twelve  years.  Thev  did 
not  know  exactlv  what  they  had  been  doing,  but  aU  they 
knew  was  that  tney  had  some  sewage,  and  tliey  had  some 
heaps  of  cinders,  and  they  turned  Uieir  sewage  for  several 
days  in  succession  upon  one  heap,  and  then  they  turned 
u  for  several  days  in  succession  upon  the  other  heap,  and 
as  it  happened  they  had  no  effluent.  They  wondered 
where  the  water  went  to.  It  all  disappeared,  but  after- 
wards Uiey  found  it  soaked  away  through  the  subsoil  into 
the  river  without  anyone  ever  guessing  where  it  was.  It 
was  so  far  purified  going  through  the  subsoil  that  it  went 
away  without  any  difficulty.  That  is  one  way.  After 
about  twelve  years,  when  they  heard  of  our  Sutton  work, 
they  said :  "  Why,  yes,  of  course,  this  is  just  what  we 
have  been  doing  all  along " ;  and  there  are  numerous 
other  cases. 

4010.  The  case  is  rather  different  in  one  sense,  that  at 
Sutton  you  are  on  clay  and  the  water  would  not  percolate 
away? — ^It  would  not  do  in  the  case  of  Sutton,  but  I  am 
speaking  with  regard  to  the  action  on  the  bed. 

4011.  But  the  water  would  remain  on  the  filter  all  njght. 
It  would  not  percolate  through  the  subsoil? — ^No;  it 
would  remain  in  the  filter,  and  then  in  the  morning  il 
would  be  diverted  on  the  fine  bed,  and  the  bed  would 
have  all  day  to  aerate ;  in  fact,  we  have  been  working 
beds  in  that  way  with  fairly  good  results,  in  fact  very  good 
results,  because  the  effluent  in  the  fine  bed  is  the  sime  all 
along  the  line. 

4012.  As  to  the  practical  working  of  this  process,  do  you 
think  that  the  workmen,  say,  in  a  rural  district  ooold  be 
depended  on  to  open  and  dose  the  filters  at  the 
appointed  hours? — As  a  matter  of  fact  they  do,  and 
I  have  found  this,  that  these  men,  if  they  nave  some 
process  to  work  with  which  they  cannot  give  eood 
results,  get  disheartened,  and  they  are  not  penaps 
quite  so  carefiU  as  they  might  be.  I  have  known  that 
with  the  old  pnecipitation  aohemes.  They  would  give 
almost  anything  to  get  rid  of  it,  but  with  these  beds,  and 
with  anything  of  this  kind,  it  is  ^ke  a  man  with  a  good 
engine,  it  is  astonishing  what  pride  they  will  take  in  mm 
work  when  they  begin  to  get  results  which  are  really  sati-^- 
factory,  and  the  thing  is  going  along  comfortably ;  these 
men  will  really  take  such  pride  in  their  work  that  they  do 
not  care  what  they  do,  just  like  a  good  engine  driver  wUl 
take  care  of  his  engine. 

4013.  If  the  thing  is  not  properly  supervised  the  whole 
thing  would  be  probably  a  failure  ?--There  is  no  objection 
to  applying  some  automatic  method  of  charging  the  bads 
if  it  is  considered  necessary ;  that  is  a  matter  of  detaiL 
I  do  not  deal  with  that ;  that  ia  an  engineering  question. 


Mr.  R.  A.  Tatton,  M.I.C.E.,  re-called;  and  further  Examined. 


Appondiz 
Ko.8. 


Mr  M.  A.      ^1^-  (C^ainnan.)  You  are  good  enough  to  come  back 
Tanum, "   to  OS  to  hand  in  some  papers,  which  I  am  sure  will  be  very 
]f.i.o.B.     valuable  to  us,  and  which  I  am  afraid  must  have  given 
IS  Jan.  1899.  Tou  a  great  deal  of  trouble.    You  hand  them  in  to  ua  ? — 
Yes,  I  do,  my  lord.    I  hand  in  a  table  showing  the  par- 
ticulars  as  to  the  methods  of  sewage  treatment  adopted 
by  the  local  authorities  in  the  Mersey  and  Irwell  Water- 
shed, derived  from  information  supplied  by  the  authoritiei 
to  ihe  Joint  Ck>mmittee. 

4016.  I  have  only  to  say  that  we  are  extremely  obliged 
to  you  for  the  trouble  you  have  taken  in  the  matter?-— I 
am  sure  I  am  very  glad  indeed  to  be  of  any  use ;  I  think 
the  tables  really  explain  themselves.  The  summary  at  the 
end  perhaps  shows  better,  more  concisely  than  the  rest  of 


the  table.  I  would  just  make  one  remark,  and  that  ia  that 
for  the  chemical  precipitation  alone  the  first  instance  giveot 
"A,"  must  really  be  disregarded  entirely,  because  at  tiie 
time  that  these  samples  were  taken  the  works  in  qiiestioD 
had  very  little  sewage  going  to  them,  and  therefore  they 
were  able  to  deal  with  that  sewage  satisfactorily  by  nr 
cipitation  only.    Of  course  it  is  a  lingle  inifcanee.    I  tmnk 


you  must  not  place  any  reliance  upon  that  at  all,  becaoae 
we  do  not  find  in  any  case>  except  in  this  very  exceptional 
one,  that  predpitation  by  itself  is  at  all  satisfactory.  I  do 
not  know  whetiier  there  is  any  further  explanation  that  I 
could  give  of  the  tables. 

4017.  No,  I  think  the  tables  must  speak  for  themaebet? 
—Yes. 


MINUTES   OF   EVIDENCE. 
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4018.  (iStV  Biehard  Thome.)  May  I  aak  you  one  quee- 
tion  In  your  summary,  Mr.  Talton,  under  the 
heading  "Precipitation  and  artificial  filtration"  you  have 
a  Sub-heading  (e),  "Chemicail  PrecdpitaAdon  and  Bio- 
logical Filtration."  "  Domestic  Sewage  only."  Then  foUowB 
the  word  ''none."  Does  that  mean  that  there  were 
no  samples  at  all? — "No;  there  were  no  samples  sb  aB 
with  domestic  sewage  only.  I  simply  put  in  that  because 
that  wae  one  of  the  headings  which  I  was  asked  to  report 
upon  separately,  so  that  it  might  not  appear  that  it  had 
been  left  out. 

4019.  (Mr.  KUlidc.)  There  is  one  question  I  should  like 
to  ask,  my  lord.  Theee  samples  are  typical  samples  ;  they 
are  comparatively  a  few  number  of  samples.  Your  in^ 
apectors  only  take  samples  when  they  have  reason  to  believe 
that  there  is  some  change  in  the  works  or  in  the  method 
of  working  the  works  ?— Well,  it  is  not  that  entirely.  We 
take  samples  periodically  about  every  two  or  three  months 
as  .1  rule,  but  I  think  that  these  samples  may  be  taken  as 


typical  samples,  although  yon  may  say  that  they  are  rery  Mr.  ml  a, 
seldom  taken,  because  the  inspector  visits  the  works  vezy     ^^^ 
much  more  frequently ;  for  instance,  each  of  these  works       -^ 
during  the  year  would  be  viaited  perhaps  twenty  or  thiity,  iff  Jsn*  18>9. 
or  more  than  that  number  of  times,  and  as  a  rule  we  find 
from  the  inspector's  reports  that  the  samples  fairly  well 
agree  with  those  reports.    Of  course,  they  get  into  the 
way  of  judging  pret3;y  well  whether  tiie  wor£i  are  being 
properly  looked  after  or  whether  they  are  not^  and,  tiiere- 
fore,  I  think  that  the  samples,  although  few,  give  you  a 
better  idea  than  the  numbers  would  really  imply. 

I   would   suggest,    my   Lord,    that  we  ask   the   In-   ^^j^S^ 

spector    of    the    We.^    Biding    Rivers    Board,     and       

of    the    Bibble     Watershed     Committee,     to    prepare    A.ppandls 
tables  on  a  similar  plan,  so  that  we  may  have  one  table 
containing  the  whole  critical  analysis  of  the  River  Boards 
in  the  north. 

(Ghcdrman.)  I  think  that  would  be  very  useful 


FIFTEENTH    DAT, 


Thnrsdap,  \^th  January,  1899. 


The  Earl  of  Iddesleigh  {Chamnan^  2yi'e8iding). 


Sir  Richard  Thorne  Thorne,  k.c.b.,  f.r.s. 
Professor  Michael  Foster,  f.r.8. 
Professor  William  Ramsay,  f.r.«. 
Major-Qen.  Constantine  Phipps  Carey. 


Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 

Mr.  F.  J.  Willis,  Secretary 


Dr.  Sidney  Babwisb,  M.D.  (Lond.),  D.P.H.  (Oamb.),     County  Medical  Officer  of  Derbyshire,  called  In ;  and 

Examined. 


4020.  (Chairman,)  You  are  Dr.  Sidney  Barwise. 
County  Medical  Officer,  of  Derbyshire? — Yes,  my  lord. 
I  am  also  a  Fellow  of  the  Sanitary  Institute,  past  President 
of  the  Midland  Branch  of  the  ^Society  of  Medical  Officers 
of  Health,  and  was  formerly  Medical  Officer  of  Health 
of  the  County  Borough  of  Blackburn. 

4021.  Would  you  give  us  an  outline  of  your  experience 
on  the  sewage  question  ? — ^I  have  taken  a  general  interest 
in  the  question  since  I  have  been  a  Medical  Officer  of 
Health,  but  during  the  last  eight  years  I  have  had  to  in- 
spect the  various  sewage  disposal  works  within  the  County 
of  Derby  and  collect  samples  of  effluent  therefrom,  and  to 
analyse  them  and  to  report  to  the  Public  Health  Com- 
mittee of  the  County  Council  as  to  whether  pollu- 
tion of  the  rivers  is  taking  place.  I  am  also 
acquainted  with  the  literature  of  the  subject  *  and 
have  contributed  papers  at  the  Glasgow  Conference  of  the 
British  Institute  of  Public  Health  in  1895  and  the  Sani- 
tary Institute  in  1896,  and  I  have  lately  published  a  small 
book  upon  the  purification  of  sewage.  I  may  say  that  I 
have  in  my  district  twenty-five  sewage  disposal  works  of 
«n  urban  character,  works  purifying  or  purporting  to 
purify  the  sewage  of  populations  ranging  from  4,000  to 
40,000,  and  some  fifty  smaller  schemes  for  hamlets  and 
snoall  towns,  with  x>opuIatians  ranging  from  200  to  4,000. 
I  have  also  investigated  various  modern  methods  of  dis- 
posal, such  as  the  Exeter  septic  process,  Colonel  Ducat's 
filters*  Mr.  Lowoock's  filters,  Mr.  Garfield's  filters,  and 
such  sterilising  processes  as  the  Amines  process  and  the 
Baccillite  process,  Electrcdysis,  Hanson's  process,  and 
the  arrangements  which  have  been  made  recently  for 
^i^yplying  sewage  by  spnivs  on  to  filteons  and  Mr.  Lomax's 
mddiod  of  intermittent  flushes. 

4022.  Would  you  tell  us  first  as  to  the  Derbyshire 
schemes  7 — ^Well,  speaking  generally,  they  are  all  failures. 
One  general  conclusion  that  I  have  come  to  is  that  land 
which  will  purify  sewage  is  much  rarer  than  is  generally 
supposed,  at  any  rate  so  far  as  the  County  of  Derby  is  con- 
cerned. I  have  here  a  geologioal  map  of  the  county,  a  re- 
ference to  which  will  show  that  we  have  little  land  in 
Derbyshire  which  is  really  suitable.  We  have  in  the 
south  a  large  tract  of  the  New  Bed  Marl,  then  to  the 
north-west  we  have  a  large  area  of  mountain  limestone  ; 
then  on  the  east  of  the  county  the  surface  of  the  coaJ 
measures,  this  is  all  unsuitable.    I  may  Fay  that  there 

1213. 


is  only  one  spot  in  the  county  where  land  treatment  alone 
is  carried  on  satisfactorily,  that  is  at  Swadlincote.      A1 
Swadlincote  the  sewage  from  a  population  of  12,000  drains 
on  to  an  area  of  sixty  acres,  giving  200  persons  per  acre. 
The  geological  formation  is  Bunter  sandstone  and  drift, 
and  we  get  a  good  effluent.      We  have  one  or  two  other 
good  effluents  from  land,   but  in  these  cases  the  good 
effluents  are  due  to  dilution  with  spring  water.     On  the 
other  hand,  as  an  example  of  unsuitable  land,  I  cannot 
take  a  better  example  than  our  coun^  asylum  at  Mickle- 
over.     Here    the    land    is    the    stiff    clay    of  the  New 
Bed   Marl,    and   it   is    absolutely   stiff.      The     sewage 
effluent — ^I  wiU  put  the  figures  in,  my  lord  ;   I  do  not 
know  whether  you  wish  me  to  read  them — ^but  on  the 
average  of  six  samples  of  the  effluent,  the  organic  ammoola 
contains  '20  parts  per  100,000,  and  the  As^um  Committee 
are  so  satisfied  that  the  area  of  land  is  insuffi<^ent,  althon^ 
there  are  only  twenty  persons  to  the  acre,  thst  they  have 
recently  purchased  ten  more  acres. 

MICKLEOVER  ASYLUM. 
Parts  per  100,000. 


ToUl 
Solids. 


Chlorine. 


Free 
Ammonia. 


Organic 
Ammonia. 


Drinking  water 

Sewage    - 

Effloent  ^average  of 
6  samples). 


82- 

3-7 

•000 

•001 

107-8 

9-2 

2-5 

•6 

79-6 

6-2 

114 

-20 

•6 
•12 


Dr,a, 
]I.D.,D.P.Hi 
ISJanTlSOS. 


Nitrogen 

as 
Nitrates 


N.B.—A  large  quantity  of  rain  water  is  used  for  washing. 

They  have  been  compelled  to  do  this  owing  to  the 
complaints  which  a  neighbour  has  made  and  the  action 
which  he  has  threatened.  In  the  summer  time 
the  Marl  cracks  and  the  sewage  passes  quite  un- 
purified  down  to  the  drains.  Then  wonns  make 
holes  direct  from  ihe  surface  down  to  the  drains.  I  hare 
also  seen  an  excellent  example  of  this  at  Brampton,  in 
Derbyshire.  At  Brampton  it  is  the  stiff  clay  of  the  ooal 
measures,  and  the  sewage  contains  dye  waste.  In  a 
r^i'.ent  trial  hole  that  was  dug  on  the  farm  it  was  possible 
to  trace  from  the  surface  right  down  to  the  land  draina 
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the  coune  of  the  sewage  by  its  leaving  the  dye  on  the 
^jjjj^     tides  of  the  wonn-holes — ^hole»  about  the  eiae  of  a  pencil. 

x.D.,i>.p.k.  Similar  results  occur  in  other  places  in  the  case  of  the 
—       stiff  o3ay  of  the  coal  meesares.    Pevhaps  two  examples 

i^iw^km.  ^jjj  ^  sufficietot  r  Whittington  and  NcWbold.  Upon 
these  two  areas  the  sewage  of  about  700  to  800  persons  to 
the 'acre  is  dealt  with,  and  it  is  supposed  to  be  inter- 
mittent fiHratiQn.  There  is  only  a  faint  trace  of  nitrates 
in  the'  effluents,  which  on  the  average  of  fourteen  samples 
contained  from  -28  to  '33  parts  per  100,000  parts  of  organic 
ammonia.  Attempts  have  been  made  to  lighten  our 
heavy  clays  in  DeQnl>yahire  by  digging  in  eqgine  ashes ; 
Draycott  is  an  example  of  this.  Here  a  laige  sum  of 
^'  /  .  money  was  spent  in  digging  in  ashes,  but  the  only  result 
has  been  that  the  sewage  goes  through  the  clay  at 
certain  parts,  and  at  other  parts  it  does  not  go  through  *& 
all.  The  result  is  that  where  the  ashes  have  been  dus  in 
those  parts  take  the  bulk  of  the  sewage,  and  where  it  does 
go  through  little  purification,  if  any,  is  effected.  The 
conclusion  that  I  nave  come  to  with  regard  to  this  stiff 
land  is  that  if  an  effluent  is  to  be  prc^uced  containing 
from  '1  to  '15  of  organic  ammonia  in  the  100,000,  at 
least  one  acre  to  every  twenty-five  persons  ought  to  be 
taken.  That  is,  if  artificial  filtration  is  not  adopted ;  if 
there  are  not  biological  filters,  and  if  there  is  not  pre- 
cipitation. 

4023.  {Major-General  Garey.)  You  mean  broad  irriga- 
tion; twenty-five  persons  to  the  acre? — ^Yes,  sir. 

4024.  You  mean  that  is  broad  irrigation  ?— Yes,  sir. 

4025.  You  are  not  now  speaking  of  intermittent  filtra- 
tion or  the  land  laid  out  in  plots? — ^I  say  this  stiff  clay 
land  cannot  act  as  an  intermittent  filter.  Loans  are 
sanctioned  to  lay  it  out  for  intermittent  filtration,  and  it 

•  is  laid  out,  but  it  is  a  physical  impoesiibility  to  filter 
through  material  which  is  used  to  puddle  the  banks 
dt  reservoirs  with.  Brampton  is  a  case  in  pcMnt  of  what 
is  called  intermittent  filtration ;  the  loan  was  sanctioned 
for  intermittent  filtration,  and  the  only  way  the  sewage 
goes  through  the  clay  is  through  the  worm-holes  and  the 
cracks  as  I  have  described. 

4026.  Is  it  treated  beforehand  ?— Ko. 

4027.  Is  it  treated  before  tt  goes  on  the  land  ? — ^No,  sir. 

4028.  Chemically  treated? — ^No,  sir.  When,  however, 
precipitation  is  adopted  I  have  a  number  of  results  which 
I  should  like  to  put  before  the  Commission.  I  have  the 
results  obtained  at  Alfreton,  Ilkeston,  Chesterfield,  and 
Long  Eaton.  At  Alfreton  and  Ilkeston  the  precipitation 
is  effected  bv  aluminoferric  in  conical-bottomed  tanks. 
The  average  of  the  ozganic  ammonia  in  that  effluent  is  *20 
at  Alfreton ;  -27  at  I&eston.  At  Alfreton  there  are  400 
persons  to  the  acre ;  at  Ilkeston  500.  At  Chesterfield 
there  are  736  people  to  the  acre,  and  the  effluent  there 
contains  '41  of  organic  ammonia.  At  Long  Eaton  it  also 
contains  -40.  These  are  the  average  resulto  of  a  number 
of  analyses  :  15  in  the  case  of  Alfreton,  15  in  the  case  of 
Ilkeston,  23  in  the  case  of  Chesterfield,  and  four  in  the 
case  of  Long  Eaton.  Looking  at  these  figures  where  pre^ 
cipitatioa  ia  adopted,  and  you  have  this  same  stiff  clay, 
I  think  there  ought  to  be  at  least  one  acre  for 
every  200  persons  if  you  are  not  going  to  have  biological 
filteitt ;  I  think  there  ought  to  be  one  acre  to  every  200, 
even  when  precipitation  is  carried  out  really  well,  because 
it  is  carried  out  well  at  Alfreton.  To  show  the  rektive 
purification  effected  by  the  precipitation  part  of  the  pro- 
cess and  Uie  land  part,  I  have  these  results :  Taking  the 
organic  ammonia  at  Alfreton,  the  average  sewage  contained 
1*15,  the  average  tank  effluent  -38,  and  the  land  effluent 
'20.  I  think  Siese  figures  will  give  approximately  the 
average  purification  effected  by  precipitation  and  irri^- 
tion  or  so-called  intermittent  filtration  on  clay  land :  In 
round  numbecs  1  the  sewage,  *4  the  tank  effluent,  and  *2 
the  land  effluent.  Taking  the  average  of  100  samples 
of  the  effluents  from  schemes  where  precipitation  u 
adopted  and  irrigation  of  stiff  clay,  the  effluent  contained 
'45  parts  of  organic  ammonia.  That  is  higher  than  at 
Alfreton  and  Ilkeston,  because  in  the  case  of  Alfreton  and 
Ilkeston  the  figures  are  taken  from  a  limited  number  of 
samples,  when  I  was  abls  to  get  sewage  tank  effluent  and 
land  effluent ;  *45  includes  samples  in  which  I  did  not  get 
the  sewage  and  the  tank  effluent  a?  well.  Even  where  ^e 
land  is  suitable — where  it  is  good  porous  land — ^we  have 
in  our  county  a  splendid  example  of  failure  in  the  Bur- 
ton-on-Trent  sewage  farm.  This  farm  is  in  my  district. 
The  population  of  Burton-on-Trent  is  40,000  ;  the  sewage 
is  from  5,000,000  to  6,000,000  gallons  a  day.  They  filter 
the  sewage  intermittently,  and  irrigate  450  acres  of  knd, 
yet  they  have  never  been  able  to  produce  a  single  trace 
ot  nitrates  in  the  effluent. 


4029.  Is  that  not  largely  oiixed  with  brewery  waste  ? — 
I  am  coming  to  thAt,  sir.'  That  is  no  doubt  partly  the 
reason.  Allowing  two-thirds  of  the  land  to  be  resting,  they 
filter  at  the  rate  of  eight  or  nine  gallons  of  sewage  to  the 
square  yard  per  day.  As  the  sewage  arrives  at  the 
pumping  station  it  contains  sometimes  as  much  as  four 
parts  pear  100,000  of  sulphuretted  hydrogen.  Under 
the  advice  of  Professor  Dewar,  lime  is  added  av 
the  pumping  station — 35  to  40  grains  to  the  gaUon, 
and  the  mixed  sewage  and  lime  is  pumped  out  on 
to  the  land.  Since  that  has  been  done  there  has  been  bo 
smell  to  speak  of  from  the  sulphuretted  hydrogen.  After 
running  in  a  channel  about  three  or  four  feet  wide  along 
the  Jand,  the  sludge  deposits — it  deposits  very  quickly, 
and  you  get  an  absolutely  perfect  tank  effluent — you  get 
liquor  whioh  is  abeolutely  free  from  suspended  mattor, 
with  whioh  they  irrigate.  Although  they  have  removed 
all  the  suspended  matter,  yet  by  irrigating  with  this  clear 
liquor  they  have  never  yet  produced  any  nitrates*  to  my 
knowledge.  In  making  that  statement  to  the  Mayor  of 
Burton,  the  only  rebutting  statement  which  he  made  to  me 
was  that  when  they  irrigated  some  new  land  which  they 
had  recently  taken  they  did  get  a  trace  of  nitrates.  And 
further  than  having  no  nitrates,  taking  the  average  of 
thirty-six  samples  of  the  effluent,  I  find  that  it  contains 
-28  parts  per  100,000  of  organic  ammonia. 

4030.  (Ghairman.)  Would  yon  go  on  to  speak  as  to  any 
results  obtained  by  biological  filters  that  come  within  your 
knowledge? — Yes,  my  lord.  Summing  up  what  I  have 
said,  it  amounts  to  this :  that  with  the  exception  of  the 
one  farm  which  we  have  up6n  Bunter  sandstone  the  other 
land  schemes  fail  to  produce  nitrates,  and  have  effluents 
containing  from  *2  to  *4  parts  of  organic  ammonia  in  the 
100,000,  and  are  for  that  reason,  in  my  opinion,  quite 
unsatisfactory.  Then  in  contrast  with  these  schemes  the 
average  of  fifty  results  obtained  from  biological  filters 
and  precipitation  is  that  the  effluent  contains  -095  parts 
of  organic  ammonia  in  the  100,000— that  is,  less  than 
•1  part  of  organic  ammonia  and  *4  parts  of  nitrogen  as 
nitrates^  Although  these  figures  are  a  great  improvement 
upon  those  previously  given,  they  include  the  effluents 
from  filters  which  had  only  been  recently  started  at  Ohes- 
terfield,  and  were  producing  bad  ciBnents  in  their  eariy 
stages.  We  have  two  small  international  schemes,  that 
is,  precipitation  with  a  mixture  of  sulphate  of  iron  and 
alumina  sulphate,  and  ffltration  through  sand  and  polarite, 
the  filtration  being  at  the  rate  of  270  gallons.  These 
works  give  the  f  odlowing  results :  — 04  of  organic  ammonia 
and  *38  nitrogen  as  nitrates,  in  parts  per  100,000 ;  but  I 
ought  to  say  this,  that  they  are  works  which  have  been 
carried  out  without  the  sanction  of  the  Local  Government 
Board  by  colliery  companies,  and  they  have  coupled  up  the 
tank  effluent  to  tap  water  so  that  dUution  takes  place  as 
wen  as  purification.  The  following  aro  the^  results  that  7 
have  obtained  from  biological  filters,  which  hs(ve  been  con 
structed  of  coal :  — 


Results  obtained  with  Coal  Filters. 

Number 
of 

Organic  Ammonia. 
FarU  per  100,000. 

Reduction 

of 

Organle 

Ammonia 

per  Cent. 

Samples. 

Tank 
Effluent. 

Filtrate. 

Cbesterfleld 
Buxton 

Wolverhampton 
Lichfleld    • 
Long  Eaton 
Klmberley  - 

11                   -86 
5         1           143 
8                   -88 

1          '          -26 
1                    •« 

1          {          -46 

•17 

-086 

•08 

■06 
•1 

•ic 

76 
60 
78 
65 

At  Long  Eaton  and  Kimberley  the 'sewage  was  being  Altered  far  too 

quickly. 

In  the  face  of  these  results,  I  was  anxious  to  try  cuai 
at  the  side  of  other  biological  filtecs.  I  could  see  no 
reason  why  coal  should  act  better  than  other  material, 
and  at  Buxton  we  had  some  comparative  trials  of  filters 
of  different  construction,  one  of  coal  or  a  mixture  of  coal 
and  destructor  breeze — ^I  call  it  coal,  because  it  is  the 
only  filter  which  contains  coal.  As  a  matter  of  fact, 
it  is  not  purely  a  coal  filter ;  they  could  not  get  sufficient 
coal  in  the  time,  and  they  put  some  destructor  breeze  in. 
Goal,  coke,  and  destructor  breeze  are  the  filters.  The 
purification  effected  was  as  follows: — ^The  coal  filter 
reduces  the  organic  ammonia  75'6  per  cent.,  the  coke 
51  per  cent.,  and  the  destructor  breeze  55  per  cent.  In 
calculating  the  percentage  of  the  purification  effected,  I 
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have  redaced  the  oigaaiG  ammonia  in  the  tank  ^uonfe 
in  proportion  to  the  chloiiines,  eo  thait  I  hare  siade  the 
purification  effected  as  email  ae  it  poeeiblj  oe«ld  be.  The 
individual  samples  from  which  these  averages  are  taken 
I  have  here,  my  lord. 

BUXTON  COMPARATIVE  EXPERIMENTS. 

Parts  per  100,000. 


Organic 

Nitrates. 

Chlorine 

Taks  Sptlvint  .... 

*}82 

1 

Trace. 

•076 

Trace. 

2-8 

•076 

Trace. 

*-2S0 

•06 

2-8 

•140 

Trace. 

2-6 

•280 

•05 

24 

Avenge   -    •    - 

•166 

•05 

26 

Redncfng  in  proportion  of  CI.  2*6 
to2*a. 

•143 

•05 

2-8 

rOAL  FlLTBR          .... 

••060 

•42 

28 

•082 

•62 

2-6 

(QiyMiic  Ammonia  reduced 

•040 

•46 

24 

76*6  per  cent.) 

•020 

•40 

2^0 

•026 

•60 

2-0 

Ayersge    •    •    - 

•086 

•50 

28 

COKE  FlLTHR           .... 

t'064 

t*060 

— . 

— 

(Organic  Ammonia  reduced 

♦  •062 

•15 

2-2 

51  per  cent.) 

••110 

©•9 

2-8 

•100 

•40 

2^6 

•080 

•40 

2-4 

.028 

•36 

2^0 

•040 

•40 

2-0 

Average    -    -    • 

(m 

•83 

2-3 

DE9ntVCfOR  BKESZm  VwrwR      ' 

t-062 

^^^ 

t-064 

— 

— 

(Oi^uiic  Ammonia  reduced 

t040 

•14 

2-2 

56  per  cent.) 

••100 

•18 

2-8 

•090 

•80 

2^6 

•076 

•30 

24 

•081 

•28 

2^0 

•032 

•40 

2^0 

Average    -    •    - 

•066 

•3 

28 

*  Samples  collected  continuonslj  from  2  till  5  p.m. 
t  Not  included  in  average. 

The  average  organic  ammonia  in  the  tank  effluent  is 
•155,  but  I  have  reduced  that  -155  in  the  proportion  of 
the  ohlorine  shown  on  the  rightrliand  column,  thwt  is 
from  2*5  to  2*3,  which  reduced  it  to  -143.  Then  I  have 
starred  one  particular  eample,  the  orgainic  ammonia  in 
the  tai^  effluent  being  *230  and  the  diloiine  being  2*8, 
and  in  each  of  the  filtrates  2-8.  That  was  a  sample  cd- 
leoted  cootinuoaflly  in  spots  at  a  time,  and  I  think  that  is 
an  aboelatelj  fair  comparison  in  th»b  particular  sample. 
In  thaJi  case  the  reduction  elfocted  by  the  coal  is  79  per 
cent,  Isj  the  coke  52  per  cent.,  and  bj  the  destructor 
breeze  58  p^  cent. 

4031.  (Cdhna  Harding.)  What  waa  the  relatire  nze  ot 
the  nuMtenal  9 — I  am  coming  to  that ;  I  think  that  is  the 
solution,  and  althoug^i  it  was  supposed  that  the  quantify 
of  8e(w«ge  filtered  per  square  yard  was  the  same  in  each 
case,  aa  a  matter  of  fact  I  found  that  the  coal  filter  was 
working  at  the  rate  of  500  gallons  per  euperficial  vard 
per  twelve  hours,  the  coke  filter  2y0  gallons,  and  the 
destructor  breeze  360.  Ther  were  supposed  to  be  the 
same,  but,  as  a  matter  of  lact,  while  that  test  lasted 
the  coa.1  was  working  at  the  rate  of  4B  gallons  per 
Rquare  yard  per  hour.  I  do  not  think  there  is 
any  doubt,  first  of  all  from  my  own  results,  and  from  the 
results  which  I  know  Dr.  Beid  has  obtained  at  Tipton, 
that  coal  for  some  reason  or  other  effects  a  very  much 
larger  percentage  of  purification  than  any  other  filtering 
medium  yet  tested,  and  I  cannot  help  thinking  that  it  is 
because  the  coal  has  been  so  very  carefully  washed,  so 
that  it  is  aibeolutely  free  from  dust.  The  coal  in  all 
these  coal  filters  has  been  washed  so  that  it  is  absolutely 
free  from  d4Mt  The  lesolt  is  that  capillarity  does  not 
come  in,  and  when  the  sewage  ia  not  applied  to  the  filter 
it  drains  quite  dry,  and  the  air  can  enter  into  all  the 
interstices  of  the  filter. 

4032.  (Professor  Bamsay,)  Hare  these  filters  been  long 
in  action  before  you  tested  tiiemf — ^Yes,  they  have  ;Sb»y 
have  been  in  action  now  about  eighteen  months,  and  the 
efficiency  is  not  falling  off  at  all.  I  am  rather  missing  a 
Doint.  The  Buxton  tSmk  effluent  is  a  very  s^ood  effluent. 
I  think  it  is  very  important  to  mention  the  fact  that  tank 
effluents  occasianaUy  like  this  Buxton  tai^  effluent  con- 
tain a  trace  ol  nilzites.  ^  I  found  tiie  Exeter  tank 
effluent  eontaui  a  trace  of  nitrites  too.  I  think  it  makes 
it  a  very  favoumble  effluent — to  nitrefy.    I  should  say 

1213. 


that  if  the  coal  does  act  better  than  other  material  that      ih-  s. 
has  yet  been  tried  it  is  because  it  has  a  clean  fracture  ;     Banrm, 
it  haa  no  cul  de  sac  for  stagnant  air  to  remain  iu,  that  it     '^ ' '**'"' 
is  washed  free  from  dust,  and  is  of  such  a  size  that  the  air  19  Jaa.'itM. 
can  pass  away  into  every  part  of  the  filter  when  it  is  ^ 

drained  dry.  I  have  the  size  of  the  material  here.  The 
coal  was  of  various  sizes,  but  it  was  coal,  speaking 
generally,  which  would  stop  on  an  eighth  of  an  inch 
mesh,  and  would  pass  throng  a  quarter  of  an  inch 
mesh,  aldiouffh  it  varied  sUshtly.  It  was  coal  which 
came  from  Staffordshire.  The  coal  which  we  tried 
of  the  same  size  at  Chesterfield  d&d  not  act  so  wefll,  I  think 
the  reason  for  that  being  thai  the  Derbyshire  ooak  are 
more  shaley,  and  although  they  would  pass  through  meshes 
similar  to  tiie  Staffordshire  coal  and  stop  on  meshes  of  the 
same  size,  yet  being  of  a  more  shaley  nature,  they  were 
packed  closer  than  the  cubical  pieceB  of  the  Sfcaffoxdfllure 
coal,  so  that  the  size  ought  to  depend  upon  the  character 
of  the  coal.  I  should  say  that  with  our  Derbyshire  coal  we 
ought  to  have  bigger  particles,  bagger  sizes  than  with  the 
Staffordishire  coal.  I  would  ffeneraliae  by  saying  that 
hard  coal  ought  to  be  of  smaller  size,  or,  ratiher,  put 
it  the  other  way,  a  soft  coal  ought  to  be  of  larger  size  than 
a  hard  ooaL 

4033.  (Chairman.)  Hiave  you  any  views  as  to  the  size 
of  the  fihers  or  the  rate  of  filiation?— I  think  that,  except 
with  an  exceptionally  good  effluent  such  as  that  at  Buxton 
containing  nitrites,  that  the  rate  of  filtration  should  be 
not  exceeding  250  gallons  to  the  square  yard  in  the  period 
of  twelve  hours,  the  filter  then  to  have  a  rest  of  twelve 
hours.  These  filters  at  Buxton,  and,  in  fact,  all  tiie  filters 
that  we  have  experimented  with,  have  not  been  worked 
upon  Mr.  Dibdin's  plan,  but  we  have  worked  on  similar 
lines  to  Colonel  Ducat,  that  is  to  say,  we  have  not 
blocked  up  t^e  outiet  of  the  fflter ;  the  sewage  has  been 
applied  over  the  surface  of  the  filter,  and  to  see  that 
too  much  is  not  put  on  there  has  been  an  arrangement 
to  prevent  more  t^an  the  required  quantity  going  on. 
The  advantage  of  this  is  that  the  filter  is  much  cheaper 
to  construct.  In  the  case  of  day  land  we  have  simplv 
dug  a  hole  in  the  ground,  filled  it  in  with  the  coal, 
and  sprayed  the  sewage  over  the  top,  and  as  long  as 
the  arrangement  for  applying  tMs  sewage  is  such  that  it 
prevents  more  than  250  gallons  to  the  square  yard  going 
on,  I  tfaii^  the  arrangement  is  quite  satisfactory.  The 
only  danger  is  that  too  much  wouM  be  put  on.  The  par- 
ticular arrangement  which  seems  to  me  to  act  best  is  an 
arrangement--iiQt  a  jMtented  arrangement,  simply  an  ar- 
rangement of  iron  pipes  with  quarter-inch  holes  in  them, 
over  the  top  of  the  hole  a  plate  of  metal,  the  pipes  being 
fed  by  an  automatic  flushinflr  tank.  What  happens  is  this, 
that  when  there  is  a  head  of  two  feet  the  sewage  impinges 
on  the  metal  disc  and  spreads  out  in  a  wide  circle ;  aa 
the  head  diminishes  the  circle  nanows,  so  that  you  get 
practically  the  same  effect  as  a  watering  can  over  the  sur- 
face of  i^e  filter. 

4034.  And  does  the  raw  sewage  go  on  the  filter  ? — ^No, 
my  lord ;  in  all  the  csaes  in  Derbyshire  the  sewage  has 
been  precipitated  first. 

4035.  (Cdlond  Harding.)  What  are  these  pipes  made 
of;  are  (they  cast  iron  pipes?— They  are  ordinary  gas 
pipes. 

4036.  Then  they  are  wrought  iron  pipes? — Yea. 
wrought  iron  pipes. 

4037.  You  have  not  any  idea  of  the  cost  per  given  area 
of  that  system  of  dieNaibution  9— il  have  not,  sir ;  but  I 
do  not  think  it  is  a  big  sum.  The  things  have  been  very 
roughly  made. 

4038.  (Chairman.)  Have  you  anyWing  to  say  about 
the  present  land  requirments  of  1^  Local  Government 
Boaid?— Of  course  I  xtecognise  that  they  have  been  irise 
in  the  past,  and  the  knowledge  that  we  have  to-day  tiiey 
had  not  a  few  years  ago,  but  I  think  that  where  the  lan^ 
is  unsuitable,  that  if  the  Board  could  see  their  war 
to  have  an  adequate  area  of  filter  in  the  place  of  land,  tha^ 
it  would  be  a  very  great  advantage  generally.  I  would 
insist  upon  a  very  large  margin  oi  filters,  and  I  think 
fifteiB  ought  to  be  constructed  of  gradually  increasing 
coarseness  for  the  more  rapid  filtration  of  storm  water.  I 
would  suggest  that  where  sewage  is  diluted  seven 
times,  the  rate  of  filtration  mig^t  be  2,000  gallons  to 
the  square  yard,  when  diluted  eight  times  the  rate  of 
filtration  might  be  4,000,  and  so  on,  the  rato  of  filtration 
going  up  in  geometrical  progression,  the  dilution  in  arith- 
metical, so  with  nine  times  dilution,  8,000  galilons  to  the 
square  yard,  and  so  on.  I  do  not  commit  myself  definitely 
to  these  fiffures,  but  use  them  to  illustrate  the  principle. 

4039.  (Major-General  Carey.)  Per  square  yard  of 
filter?— Yes,  sir. 

4040.  It  depends,  does  it  not,  on  whetlier  the  filter  caa 
H  H 
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Dr.s.  pa66  that  quantity  tiirough? — ^I  saj  I  would  have 
'li^^^B  ^^  ^^^^  construated  of  gradually  increasing  coarseness 
ILJ. '  '  of  material.  If  the  filter  is  made  of  large  enough 
19JM1.18&9.  pazticleey  I  do  not  see  any  reason  why  it  could  not  pass 
through  any  (i^uan^ty— 80,000  or  30,000  gallons,  if  made 
'of  stuff  l]a]f-«n-inch  or  an  inoh  in  size.  7%<e  greatest  diffi- 
-culty  we  have  had  in  Derbyshire  in  getting  things  carried 
out  is  oo.  acciount  of  the  Local  Grovemment  Board'a  land 
requirements.  I  could  not  take  a  better  case  than  that  of 
the  two  Mfttlocks — Matlock  and  Matlo<^  Bath.  They  boHi 
recojgnise  that  a  sdieme  of  purification  ought  to  be  carried 
pat,  bmt  tp.  comply  with  the  Local  Government  Board's 
requit^ilie^  with  regard  to  land  it  would  necessitate 
spoiling  one^'pf.6ur  beauty,  spots ;  we  should  have  to  have 
a  sewage  lam  in^-front  of  Willersley  Castle.  Mr.  Ark- 
wright  nattunUy  objects  to  that,  and  I  think,  any  one  who 
iDves  out  jJcenetyi^rould  object  td  one  of  our  beauty  spots 
being 'dpoded,' but  ther^  are  about  six  acres  of  land  where 
a  scheme  could  be  carried  out  if  it  were  not  for  the  Local 
Govepiment  Board's  requirements  with  regard  to 
land.  And^  peaking  generally,  the  same  thing 
applif^  jHii^re  is  ^ho  greatest  difficulty.  Take 
the  caee  of  Buxton.  'If  Buxton  were  to  go  for  any 
suitable  land  I  do  not  know  what  they  would  do.  They 
could  not  do  any^diHng  without  incurring  an  expense  wihich 
would  ruin  Buxton.  If  you  know  where  Buxton  is  on  diat 
nuip.you  will  see  you  would  have  to  go  a  very  long^way  to 
get  anytiiing  bat  limestone,  which  is,  full  of  ora^  and 
Gcevicesi,  and  ia  quite  unsuitably  for  sewage  punification 
purposes.  . 

404L  ((TTiaifman.)  W3iere  the  sibream:  into  wihich  the 
sewage  goes  ia  to  beuaed  for  drinking,  purposes  or  for 
washing,  would  you  surest  any  specie  measure  of  pre* 
caution  ? — ^I  recognise  at  once  that  these  biological  filters, 
although  they  represent  a  higher  percentage  of  chemical 
purification,  do  not  effect  so  large  an  amount  of  bacterio- 
logical purification,  and  what  I  would  suggest  is  t&at  after 
it  had  gone  throtig^  thatchemlcal  purification  a  siubsequent 
continuous  fiHrtiition  trough  sand  should  take  place  like 
the  filbrafcipn  of  wntor,  a  continuous  biological  straining, 
one  s^u»re  yard  of  filter  being  used  for  every  fiOO  gallons 
l>er  day  of  twenity-f  our  hourd.  I  think  this  would  'be  a  real 
safeguard,  while  by  the  land  I  do  not  tMnk  there  would 
be  a  real  safeguard. 

4042.  Have  you  anything  to  say  about  t^e  precipitation 
tal£s  that  you  know  of  ?— In  Derbyshire  we  have^  a 
numiber  of  modificaitions  ofthe  Bovfcmnnd  tank,  that  is, 
th^  'oonical-bottomed  tank  in  which  the  srhidge  is  removed 
i^Hibhout  pumping  off  tiie  top  liquor.  This  arrangement  is 
undoubtedly  a  very  satisfactory  arrangement,  but  our  local 
authorities  are  put. to  great  expense-r-it  is  their  own  fault 
1  admit — ^by  constructing  the  tanks  of  at  least  two  people 
who  profess  to  have  obtained  patent  lights  in  a  tank  of 
that  kind ;  and  I  suggest  the  Local  Government  Board 
should  not  sanction  loans  for  patent  axrangemeiits, without 
there  was  a  primft  fade  case  for  the  vaHdity  of  the  patent. 
If  you  would  allow  me  tothow  yoa  in  Ck>l(m^l  Moore's  book 
the  difference,  for  instance,  between  an  ordinary  Dortmund 
tank  and  a  tank  which  is  shown  here  aa  a  patented  tank 
(showing).  That  is  tiie  ot^uuyry  DoHmmid  tank ;  the 
sewage  comes  down  the  centre ;  the  only  difference  be- 
tween that  and  the  tank  which  is  supposed  to  be  patented  is 
that  the  sewage  comes  in  at  the  side.  I  may  say  that  I  have 
If  ad  the  advantage  of  reading  an  opinion  by  Mr.  Fletcher 
Moulton,  and  on  the  strengith  of  that  opinion  I  have  always 
advised  authorities,  when  they  have  asked  me,  not  to  pay 
any  patent  rights  for  putting  a  tank  of  that  kind  down. 
B<uvt  there  is  no  doubt  that  a  very  large  amount  of  the 
ratepayers'  money  has  been  spent  upon  such  tanks.  'What 
I  say  is  that  I  tbink  when  Uie  Local  Government  Board 
sanctions  a  loan  for  paying  a  patent  right  that  they  should 
see  that  in  thepat^t  for  which  they  are  sanctioning  the 
money,  the  ratepayers  really  have  something  for  which 
they  are  spending  their  money. 

4043.  (Sir  Bichard  Tkome.)  Before  you  leave  that 
would'  you  kindly  be  a  little  more  definite.  ■  The  Local 
Government  Board  are  to  see  that  the  ratepayers  get  their 
money's  worth.  Would  you  be  a  little  more  definite,  be^ 
cause  it  is  a  liittle  important  that.  What  intervention  on 
the  part  of  the  Local  Government  Board  do  you  suargest ; 
that  they  should  refuse  the  loan  unless  these  people  intend 
to  fight  a  question  of  law  ? — No,  sir. 

4044.  Well,  would  yon  be  definite  then  7-r-I  think  the 
Local  Government  Board  oUght  to  ascertain  what  is  paid 
for  the  patent  right,  what  amount,  and,  secondly,  what 
that  right  Is. 

4045.  The  Local  Government  Board  are  to  investigMv 
patent  r\g>»*«  for  local  authorities ;  do  you  really  mean 
that  V— If  tiie  Eiocal  Government  Board  do  not  do  it  every 
local  authority  in  the  country  has  to  do  it. 

4046.  But  why,  if  one  single  local  authority  succeeds  in 
a  court  of  law  would  every  local  authority  have  to  go  iad 


do  the  same  thing  all  over  again  ?-— What  would  happen 
is  what  has  happened,  that  a  local  authority,  after  it  has 
investigated  the  point,  finds  that  i^ere  is  no  patent  right, 
and  simply  pvts  the  tank  down,  while  other  local  authori- 
ties do  not  know. 

4047.  Well,  I  am  rather  in  the  dark  as  tc  what  you 
really  require  the  Local  Government  Board  to  do  ? 

4048.  (Major-General  Carey.)  Are  you  referring  to  the 
Ives  tank ;  when  you  ar9  ooi^demning  tliese  other  tanks. 
What  other  tanks  that  haviebeen  pftbented  are  you  re- 
ferring to  ? — ^The  Cosham  tank  is  another  tank. 

4048.  But  do  you  condemn  them  one  and  all,  and  say 
that  the  Dortmund  tank  should  reign  supreme? — ^E  ssy 
the  unpatented  Dorjbmund  taqk  emlxxkies  all  the  points  of 
real  value  in  the  Iv^  and  Oos|iam  tanks. 

4050*  Do  you  condemn  ali  these  tanks? — I  say  the 
Dortmund  tank  is  as  good  ba  any  of  them,  and  is  noc 
patented.  What  I  suggest  would  mean  tbis :  it  would 
mean  the  Local  Government  Boacd  obtaining  an  opinion 
from  a  patent  agent  or  an  opihion  from  such  a  gentleman 
as  Mr.  Fletcher  Moulton, 

406L  (j^ir  Bicluird  TAome.)  And  supposing  tjie  people 
who  hold  what  theyibeUeve  to  be  a  potent  say  they  do  not 
accept  6uch  opinion  as  i^  just  deqisioo,  then  what  would  you 
ask  the  Local  Government  Board  to  do?— -Then  on  the 
strength  o^  the  opinion  .which  the  local  authority  have  got, 
if  they  are  wise  the^  will  put  down  the  tank  and  run  the 
risk  of  an  action. 

4052.  That  is  what  you  say  ;^hey  are  doing  now  ? — ^Those 
who  are  w^ise. 

4063.  Qjuite  so  I — ^But  very  few  of  them  are  wise,  at  any 
rate  the  Local  Government  Board  mig^t  suggest  to  the 
Local  Authorities  tlie  advisability  of  obtaining  an  opinion 
as  to  the  validity  of;  a  patent  irbere  ther^  is  a  prlm4  facie 
case  against  its  validity.  i 

4054.  (Chairman:)  Would  you  like  to  see  this  Oommis- 
sion  suggest  any  standard  of  purity  for  an  effluent  which 
was  to  go  into  streams  that  are  not  used  for  drinking  par- 
poses  or  for  washing  purposes? — Yes,  my  lord,  even  if 
it  were  not  published  as  a  hard  and  fast  standard,  I  think 
it  would  do  a  great  deal  of  good  if  they  expressed  an 
opinion  as  to  what  a  sati^aotory  effluent  should  be,  and 
from  the  examination  of  wivks  in  actual  operation  I  would 
suggest  thai  an  effluent  which  had  more  susp^ided  mabtei 
than  three  parts  in  100,000,  and  the  oxygen  absorbed 
in  four  hours  at  80^  F.  of  which  was  not  more  than 
1*5  parts  per  100,000,  the  albuminoid  ammonia 
not  more  than  •!  to  *15,  perhaps  '15,  and  the  nitrogen 
as  nitrates  at  least  '2,  would  be  an  effluent  which  I 
think  eveiy  authority  could  obtain,  and  which  would 
never  cause  any  nuisance.  The  provision  of  a  small 
amount  of  nitrate  would  be  useful  for  three  re^l^oos :  it 
would  ensure  that  proper  filtration  took  place ;  it  would 
be  a  store  of  oxygen ;  and  it  would  prevent  the  Affluent 
being  diluted.  Tbe  general  objection  to  adopting  .a 
standard  th^t  I  have  frequently  heard  is  i^at  authorities 
would  dilute.  For  instance,  they  say  if  you  adopted  aa 
your  standard  *1  of  oiganic  ammonia  that  a  local  authority 
would  dilute  its  effluent  with  water  to  g^  down  to  it,  bat 
if  you  adopted  a  small  quantity  of  nitrates  as  a  minimum 
it  would  stop  them  diluting,  because  at  the  same  time  they 
would  be  diluting  their  nitrates. 

4055.  Have  you  any  suggestiona  as  to  standaoxi  wiiere 
the  sewage  goes  into  a  stream  that  is  used  for  drinking 
purposes? — I  have  not  dealt  with  that  in  my  evidenfie, 
but  what  occurs  to  me  as  obviously  the  thing  is  this,  that 
it  would  haye  to  be  a  numerical  standard  suoh  as^  Koch's 
standard  of  100  in  drinking  waten»— what  tiis  actual  num- 
ber should  be  I  am  not  prepared  to  say  offhand — ^but  I 
should  think  that  a  numerical  standard  of  colonies  of  bac- 
teria plus  a  chemical  standard  could  be  worked  out. 

4056.  I  should  like  just  to  ask  you  a  few  questions  con- 
nected with  land  treatment.  You  have  told  us  of  the  great 
variety  of  soils,  but  do  you  think  that  when  the  knd  itself 
is  frozen  that  any  soil  would  answer?— Not  unless  it  ia 
very  good  land,  and  constantly  being  irrigated,  as  an 
intermittent  filter  not  by  irrigation. 

4057.  Well,  have  you  ever  formed  any  opinion  as  to 
what  results  land  treatment  would  give  throughout  an 
ordinary  English  winter,  or  have  you  ever  undertaken  by 
continuous  observation  and  analyses  to  ascertain  anything 
of  that  kind?— 'No,  except  on  the  Burton  sewage  farm. 

4058.  And  the  Burton  sewage  farm  is  veiy  peculiar,  is 

it  riot  ? — Yes  ;  that  is  so.  .     , 

4060.  Should  you  say  that  it  was  light  td^cs^  tj^'dk  oowt 
on  a  sewac:e  farm  ? — I  do  not  dee  any  object^  if  tih<»  ooWs 
are  kept  up. 

4060.  You  do  not  think  there  is  danger  of  the  Jprea^ 
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of  i^hoid  ferer,  Bay,  from  the  milk  of  these  cows,  which 
migtA  possibly  Imt^  aoeess  to  sewage  either  as  a  liquid  to 
drmk  or  as  a  forage? — In  mj  answer  to  the  questioa 
whether  it  was  tight  to  keep  milk  cowt;  on  a  sewage  farm, 
I  meant  the  cOws  kept  coniBtantly  under  corer ;  I  meant 
the  cows  kept  constantly  in  their  cow^eds.  I  was  think- 
ing then  particularly  of  the  Birmingham  sewage  farm, 
where  they  have  some  400  or  600  cows  consfcantly  under 
cover.  I  w«6  a  praetiiticmer  in  Binningham  for  some  time* 
The  milk  from  ^at  farm  was  supplied  to  people  in  my  own 
distziot,  and  I  certainly  should  have  known  if  there  was 
any  reason  to  suspect  it. 

4061.  (MajoT'Oeneral  Carey,)  The  cows  fed  from  the 
produce  on  the  farm  ? — Yes,  sir.  ' 

4062.  Not  fed  on  the  f&rm  l—'So,  but  properly  kept  in 
cowsheda  provided  with  a  proper  water  supply,  and  50  on. 

4063.  But  you  do  not  think  it  would  be  wise  to  rear 
and  keep  stock  on  the  farm  ? — ^Ko,  I  do  not,  sir. 

4064.  (Chairman.)  Haye  you  ever  known  any  prejudice 
on  the  jMurt  of  the  public  against  milk  that  comes  from  a 
sewage  farm  or  against  the  use  (i  the  produce  <^  a  sewage 
farm  f— Take  liie  case  of  Birmingham.  When  I  lived 
there  i>  was  generally  known  who  had  the  mdlk  from  the 
^irmii^nam  aewage  farm,  and  he  was  a  most  six^essful 
p'ilk  dealar. 

4065.  Do  you  believe  that  it  is  ^possible  that  a  serwage 
farm  can  pay  as  a  farm  if  it  is  properly  used  for  purifica- 
tion?—I  hare  no  experience  of  my  own  knowledge,  but  I 
do  not  see  any  reason  why  it  should  pay  any  more  than  an 
ordinary  farm. 

4066.  No,  no ;  the  queadoil  is  rather  whether  it  would 
pay  ?—I  should  say  it  would  not  i>ay  so  well  as  an  ordinary 
farm. 

4067.  No?— -Oertaijily  it  wifl  not  pay  if  you  are  to  pay 
for  the  labour  of  purifying  the  sewage,  because  the 
sewage  ^1  hare  to  be  ap^ied  00  intermittently  that  if  you 

St  the  coiart  of  tJiat  doiwn — ^the  ooet  of  apply  1  ng  the  sewa j;e 
;crmittezitly  so  as  to  effect  purification,  I  feel  certain 
't  would  not  pay. 

4066.  (Maji^r'^neral  Carey.)  Do  you  know  What  the 
lirofit  or  the  loss  on  the  Birmingham  f^rm  is  ? — I  have  not 
pi  the  figures. 

4060.  But  I  mean  is  it  a  loss  ?— -I  could  not  say,  sir.  It 
is  not  a  (»ise  in  point,  because  it  is  insufficient  at  the 
present  moment  to  purify  the  sewage. 

4070.  Why  not ;  you  mean  that  the  effluent  is  so  bad  I — 
Thai!  the  present  area  ci  land  is  being  nearly  doubled,  as 
it  Is  at  present  insufficient  to  purify  the  sewage. 

4071.  At  all  times  ^I  cannot  say  that,  but  it  ia  well 
known  that  they  are  taking  oyer  1,000  acres  more  land, 
and  under  the  advice  of  Professor  Bewar  they  are  con- 
Htructing  biological  filters.* 

4072.  (Chairman.)  In  your  experience  have  you  ever 
known  land  getting  sick  of  sewage?— Oertainiy  I  have. 
I  have  seen  luid  so  sick  that  when  I  handed  up  to  one  of 
Her  Majesty's  judges  a  photograph  of  the  farm  in  question 
he  asked  me  if  it  was  the  lake  district.  The  aewage 
would  not  go  through  the  land ;  it  simply  lay  about  on  this 
large  surface  in  lagoons  of  sewage.  The  effluent  simply 
sdnk  of  Bi^huretted  hydfogen.  The  Chesterfield  laim, 
too,  haa  been  absolutely  sewage  sick. 

4073.  You  have  known  land  get  sewage  sick ;  have  yoa 
known  it  get  sick  from  raw  sewage  or  from  sewage  after 
preci]Mtation  ? — I  have  not  known  iv  sick  from  sewage 
after  precipitation ;  it  was  from  raw  sewage. 

4074.  You  have  never  known  it  sewage  sick  after  pre- 
cipitation?— No. 

4075.  Have  you  ever  known  the  soil  of  an  old  sewage 
farm  to  hare  been  analysed  baoteriologically  ? — ^I  have  not, 
my  lord. 

4076.  (CoUmel  Harding.)  I  suppose  we  may  take  it  that 
in  the  absence  of  any  experience  of  your  own  as  to  .the 
treatment  of  crude  sewage  upon  the  filters,  you  are  of 
opinion  that  in  various  forms  artificial  filters  will  give 
effective  results  in  dealing  with  sewage  from  which  sus- 
pended matters  have  been  fuUy  removed  7 — Yes,  sir. 

4077.  Have  you  been  able  to  come  to  a  conclusion  as 
to  the  best  way  of  working  artificial  filters,  whether  inter- 
mitteiitly  or  on  the  princijde  of  a  continuous  dribbling 
through  the  material  and  a  continuous  aeration  ? — ^I  haye 

*  The  area  at  present  under  irrigation  w  1,180  acres.  By 
the  l^rmingham,  &c..  District  Drainage  Board  Act,  1897, 
(60  Viet.  c.  46),  powers  were  obtained  to  purcha/te  1,192 
more  acres,  about  1,000  of  which  have  tieen  recer'^'y 
porchttsed. 
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not  had  any  proper  oomparai&va  tefts,  bat  I  am  quite  satis- 
fied that  the  continuous  dribbling  is  satisfaotoiy. 

4078.  And  you  incline  to  the  riew  that  that  is  the  pra- 
ferable  plan  ?-I  am  inpHned  to  that  view.    I  do  not  hold  ^^"[^^ 
the  view  very  strongly ;  I  should  like  that  to  be  the  result, 
because  I  think  it  would  be  cheaper  to  construct  works 

upon  that  principle. 

4079.  How  far  have  Mr.  Lowdock's  filters  (been  tried  on 
a  practical  soale? — ^Bfr.  Lowcock's? 

4060.  Yes ;  in  your  interesting  book  you  refer  to  Mr. 
Lowcock's  filter,  and  give  a  section  of  it,  and  speak  af  it 
with  some  ap^nroval,  but  has  it  only  been  carried  out  on 
an  experimental  scale?— Only  on  an  experimental  soale. 

4061.  How  large  a  scale? — I  should  say  about  twenty 
square  yards. 

4082.  Quite  a  small  filter?— Quite  a  small  filter. 

4063.  It  has  not  been  carried  out  further ;  have  you 
been  able  to  form  any  opinion  whether  it  is  practicable 
to  carry  out  on  a  larger  scale ;  practicable,  I  mean,  in  re- 
gard to  effectiveness  and  cost? — I  think  it  is ;  I  see  no 
reason  why  it  should  not  do. 

4064.  Then,  as  matter  of  fact,  it  has  not  been  carried 
out  on  a  practical  scale  ? — "No,  sir. 

4065.  Then  what  about  Mr.  Lomax's  system  of  intec- 
mittent  flushes  every  twenty  minutes  that  you  refer  to  ? 
— That  has  been  triad  on  a  practical  scale. 

4066.  How  large  a  scale  ? — 1  cannot  speak  from  momofj^ 
but  it  has  been  tried  on  a  practical  scale  at  Failswort^ 
near  Manchester. 

4067.  Do  you  know  on  what  scale  ;  what  is  the  area  of 
those  filters? — Of  course,  this  is  purely  from  memory, 
but  the  filters  are  bigger  than  this  room  ;  each  is  about 
d6ft.  square. 

4068.  You  have  no  personal  knowledge  of  them,  have 
you  ? — Oh,  yes  ;  I  have  seen  them,  and  analysed  the 
effluents  from  them. 

4069.  You  have  seen  them? — Yes,  I  have  seen  them.  .  I 
should  say  the  filters  are  larger  thaoi  this  room;  and  what 
impressed  me  very  strongly  with  reoard  to  this  method 
of  appfying  sewage  is  that  I  went  dxmn  to  the  effliwnt 
dndn,  and  I  was  able  by  striking  a  match  to  prore  that 
the  air  was  dtspkoed  by  my  miSoh  being  blown  out  at 
tiie  bottom  of  the  filter  wiien  the  sewage  was  fiodiad 
over. 

4090.  Then  the  incoming  sewage  forced  the  air  down- 
wards ? — ^Forced  tho  air  downwards  out  at  the  bottom. 

4091.  The  usual  plan  is  to  see  the  air  bubbling  up 
through  the  sewage? — Yes. 

4008.  In  this  case  you  say  it  foroed  the  air  downwards 
and  out  into  t^e  drains?— Yes. 

409^1  That,  of  course,  is  an  intermittent  ^ystsm  I— Tes, 
sir. 

4094.  You  find  that  to  be  effective?— A  very  0ood 
effluent  was  produced,  and  the  rate  of  filtration  was  raider 
excessive. 

4096.  (Dr.  Bussdl.).  1  have  only  one  question  to  ask 
with  reference  to  Burton-ou-Trent.  What  do  they  do  witfc 
the  sludge  that  is  deposited  in  the  carriers  f— The  sludge 
is  dug  into  the  land,  and  I  certainly  think  that  if  that 
method  <^  dealing  with  sludffe  is  to  be  retained  it  will  be 
neoessary  to  have  a  certain  fimited  area  of  land  set  apart 
which  should  not  be  irrigated. 

4096.  How  much  labour  does  that  involve  ?^-It  does 
not  involve  any  more  labour,  if  it  involve*!  as  much 
labour  as  the  method  of  dealing  with  the  sludge  at  Bir- 
mingham ;  it  simply  means  that  they  allow  lihe  sludge  to 
deposit  where  it  will  upon  the  land,  and  afterwards  they 
do  not  irrigate  that  bit,  and  just  dig  it  in. 

4097.  That  is  the  method  at  Birminghaai  ?— At  Buiton. 

4006.  I  thought  in  your  evidence  you  said  that  it  mt 
only  clarified  filtrate— clarified  effluent  rather— .tliav 
reached  the  land,  and  therefore  the  sludge  must  be  Isfk 
.in  the  carriers? — They  are  earth  carriers:  that  is  why 

it  IS. 

4009.  Oh,  they  are   eafth  oarriers  ?— They  are  sarth 

carriers. 

4100.  But  still  it  inrolTes  some  labour  f—Certsinly  it 
does. 

4101.  Do  thoy  shoVel  it  and  barrow  it,  or  what? — ^No  ; 
it  is  simply  dug  in  where  it  is.  It  is  at  places  dUg  oat 
and  put  in  a  heap  at  tho  side  to  lielp  to  dcy  a  bit,  and 
then  it  is  dug  in  or  used  as  a  top  dresnng. 

4102.  And  does  it  erer  give  rise  to  any  nuisancot — ^It 
has  not  given  rise  to  any  nuisance  yet. 
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4103.  Are  yoa  af:^aid  of  its  causing  a  nuiflanoe  ultimaiiMlj 
nrhen  you  saj  ''yeb"^— I  thiak  that  if  tile  Oorporatioa 
of  Burton  would  set  aside  certain  areas — ^long  narrow  areaa 
for  iljie  sludge  and  not  irrigate  them,  the  sy^^em  ia  worth 
oonsidering.  It  is  the  same  process  of  dealing  with  the 
sludge  thai  is  at  work  on  Stratloid-on-ATon.  They  are 
the  only  two  places  that  I  know  of  where  such  a  method 
of  dealing  with  the  sludge  goee  on.  Ait  Stratf  ord-on-Avon 
(here  is  no  nuisaioce,  and  it  haa  not  involved  them  in  any 
difficulty  whatever,  but  at  Burton  the  quantity  of  sludge 
is  80  enormous  that  I  sho\ild  think  that  in  time  it  will 
imtexfeire  with  their  levels. 

4104.  (ColQfiei  Harding),  Did  you  not  tell  U8  that  at 
Burton  they  added  40  grains  per  gallon  of  lime  f — Yea,  air. 

410&.  And  the  sludge  may  we^  be  enormous ;  it  is 
equivalent  to  the  total  solids  in  many  sewageal — ^Yea. 

4106.  (Major-General  Carey.)  Have  any  experiments 
been  made  for  treating  Burton  aewage  in  Mcterial  filters  ? 
— ^No,  not  at  present ;  I  do  not  want  a  note  made  of  this 
if  I  might  say  it ;  but  it  is  a  matter  of  interest)  that  Pro- 
fessor Dewar  i^ao  is  advising  them  has  just  agreed  with 
me  to  reoommend  an  experimental  biological  filter.  The 
Corporation  ihave  not  adopted  it,  but  I  have  no  doubt 
they  will  adopt  it.* 

4107.  With  bacterial  filters,  I  presume? — ^I  shall  recom- 
mend coaL 

4108.  Have  any  other  filtera  been  found  successful  in 
trfifting  that  sewage  ? — ^I  do  not  tMnk  bo. 

4109.  Do  you  know  what  proportion  of  Frewery  refuse 
is  treated  at  Lichfield?— I  do  not  know  the  exact  pro- 
portion, but  it  is  large. 

4110.  Has  your  attentioa  been  drawn  at  all  to  the 
reduction  in  water  capacity  of  bacterial  filters  after 
they  h&ye  been  in  use  for  some  time? — ^I  have  no  know- 
ledge of  my  own  on  the  subject ;  I  have  had  my  attention 
called  to  it. 

4111.  (Sir  Hichard  Thome.)  You  were  saying  just  now 
ihait  the  bacteriological  filtefs  do  not  effect  a  large  amount 
of  bacterioilogicaft  purification  ;  would  you  give  us  <lie  data 
for  4M} ;  what  tests  yon  have  madie  or  known  in  the 
ni^^er  ?---I  base  that  opinion  upon  the  Massacibusetta 
expenments. 

4112.  It  is  not  your  opinion  ?— Not  an  <]|)inion  based 
upon  my  own  work.  Perhaps  I  ought  not  to  have  ex- 
pressed the  opinion  quite  so  strongly  as  I  did. 

4113.  It  dep^ida  on  whetiier  you  cpnader  it  to  be  true 
or  not?— Well,  it  depends  on  what  you  mean  by  "a  large 
amount  of  purification."  I  have  not  read  the  experiments 
lately^  but  -the  impreesioiis  I  have  is  that  the  coarse 
filters,  thougli  they  effected  a  lacge  ohenucal  purification, 
did  not  effect  a  purification  of  95  per  cent  of  bacteria. 

4114.  Of  bacteria  tliaft  am  harmless  or  bacteria  ttiat  are 
harmful? — ^Both,  sir. 

4115.  Is  there  not  objection  to  getting  out  the  harm- 
less ones  ? — ^I'do  not  know  t&at  there  is. 

4116u  Are  they  not  probably  of  great  advantage  ? — They 
may  be  ;  probably  ibey  are,  out  I  do  not  see  now  patho- 

♦Since  giving  evidence  the  Burton  Corporation  have 
agreed  to  put  down  a  biological  filter  of  coal. — S.  B. 


genie  OiTg^iasis  are  to  be  got  out   unless  you  get  out 
the  whole,  sr  a  large  propo^on  of  the  whole. 

4117.  But  I  suppose  that  you  would  agree  that  the  mere 
question  of  counting  colonsjes  is  absolutely  ivalueless,  is  it 
not?— Wen,  I  woidd  rather  drink  London  water  with 
about  five  cokuiies  than  London  wator  wifli  about  2,000 
or  3,000. 

.  4118.  When  you  are  ignorant  of  what  they  are  ?— Yea, 
sir.  Tihe  mathematical  chances  of  swallowmg  a  patho- 
geofic  organism  are  less. 

4119.  You  were  speaking  of  clay  lands  which  weni 
so  stiff  that  sewage  could  only  escape  downnraid  by 
cracks  ? — ^Yes*  sir. 

4120.  What  becomes  of  the  sewage  on  those  farms 
when  the  day  is  not  cracked.  They  wero  farms,  you  will 
remember,  as  to  wMcn  you  said  loans  had  been  granted? 
— ^It  passes  chiefly  down  through  worm-holes. 

412L  Oh,  worm-holes  at  ordinairy  tunes  and  cracks 
when  the  land  is  dry? — ^Yes,  except  of  course  what  is 
absorbed  and  evaparated  by  the  plants. 

5122.  If  we  wanted  to  see  any  of  that  class  with  regard 
to  whioh  loans  have  been  sranted  could  you  specify  some  ? 
— 'Brampt<»i  and  Chesterfield. 

4123.  Those  are  both  in  Derbyshire  ?— Yes,  sir,  both 
in  Derbyshire ;  you  could  not  have  a  better  example. 

4124.  Then  in  those  cases  there  is  no  purification  at 
all? — ^Except  what  takes  place  by  aubsidenoe  upon  the 
surface  of  the  land  and  absori^oo  by  plant  life. 

4125.  May  I  ask  you  one  furbhi«r  question  with  regard 
to  the  soils  which  you  deem  to  be  suitable— as  you  say  in 
your  book  for  sewage  farm  purposes ;  you  mention  flint 
and  chalk? — ^Yes,  sir. 

4126.  Do  you  know  whait  the  water  companies  say  of 
the  ohalk  ranges  north  and  souith  of  London?— Oh,  I 
expect  they  abject  to  sewage  farms  upon  them,  and  so 
should  L 

4127.  But  is  there  no  reason  for  oibjecting  to  fissured 
'chalk ?— Fissured  chalk? 

4128.  Well,  c^halk  always  has  some  fissures  in  it,  and 
sometimes  verjr  substantial  ones.  My  point  is  tbat  you 
put  down  defimtely  in  your  book  flint  and  chalk,  as  suit- 
able for  sewage  farming  purposes? — ^I  was  not  si^iposing 
that  there  were  any  waterworks  in  the  question,  but 
merely  dealing  with  various  soils  as  media  lor  sewage 
purification. 

4129.  Still  the  chalk  is  a  great  wator  supplying  strata, 
is  it  not  ? — ^I  should  certainly  qualify  that  very  stroni^ 
if  there  were  wator  works  in  the  vicinity.  I  shoukl 
certainly  do  that.  My  lord,  a  suggfestion  I  should  like 
to  make  is  this :  that  when  the  Oommissi<Mi  have  pub- 
lished their  report  the  Local  Government  Board 
Rhould  keep  us  up  to  date  with  legaid  to  ihis  question. 
I  do  not  think  there  are  any  references  in  Sir  Richard 
Thome's  report,  nor  does  the  Local  Government  Board's 
engineers'  department  pubHsh  a  report  upon  the  subject 
I  think  there  ought  to  be  an  annual  reference  to  the 
subject  to  keep  abreast  of  the  increasang  knowlet^e  of 
the  subject  and  generally  up  to  date.  We  get  most 
valuable  inftMrmation  on  most  su(bJ6cts  from  the  Local 
Government  Board,  but  upon  this,  as  far  as  I  know,  they 
do  not  publish  any  references. 
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Sir  RiCHA-RD  Thorne  Thorne,  k.c.b.,  F.R.8. 
Professor  Michael  Foster,  f.r.s. 
Professor  William  Ramsay,  f.e.s. 
Major-Gen.  Constantine  Phipps  Carey. 


Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  Charles  Philip  Cotton. 

Mr.  F.  J.  Willis,  Secretary. 


Dr.  .Samuel  Rideal,  called  in ;  and  Examined. 


4130.  (Oh4Jvrman.)  You  are  Dr.  Samuel  Bideal,  of  28, 
Victoria  Street,  Westminster,  D.Sc.  (Lond<m),  Fellow  of 
University  College,  liondon,  Fellow  of  the  Institute  of 
Ohemistry  ;  and  of  the  Sanitary  Institute  ;  you  are  the 


author  of  several  books  dealing  with  sanitary  ohemktry, 
and  you  have  read  numerous  papen  before  scientific 
societies  on  t^e  subject  of  sewage  disposal  embodying  tlie 
results  of  your  researches  \ — ^Tfaat  is  so,  my  lord. 


MINUTES  or  EVIDENCE. 
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413L  What  ia  your  experience  of  the  Tariation  in  the 
•quality  of  aewagef^— I  may  give  from  my  own  aaalysea 
.«n  example  of  the  influence  both  of  the  time  of  day  .and 
the  TainfaQ  on  a  strong  sewage  from  one  sooree. 

Table  showing  Inflnenoe  of  Rain  on  Quality  of  Sewage. 

Parts  per  100,000. 


Time  and 
Circumitances. 


^15 


nil 


Si 


s^ 


3 


to 
5 


Dry  WMtlMT,  no 
r»in. 
10  a.m.  to  5  p.m.    • 
6  p.in.  to  1  ftjn. 
a  a.m.  to  9  a.Bi. 


MeKwy  Btonn. 
10a.ni.  to6p.m. 
6  p.m.  to  1  a>in. 
3  a.m.  to  9  a.m. 


64,000 


77-6 
46*0 
84-0 


Total  Ch  orine— 41  lbs.  per  day. 


nfloo 


64-4 

46*6 
84*4 


12-26 
9*26 
4-26 


7-28  I   8-0 
6-91  ■  2iM) 
6*67  i  0-90 


1*6 
0-6 
0*86 


None.  Xone. 


n 
» 


7-76 
6-25 
8-76 


Total  Ch 


8-68 
2-66 
0-74 


11-6 
8-6 
4-6 


412 
1-76 
6-6 


•066 

•014 

Trace. 


orliie — A4  lbs.  per  day. 


None. 
Trace. 

heavy. 


Physical  Characters.— Dry  weather :  Thick  and  fetid,  frag- 
ments of  paper  and  lumps  of  fsecal 
matter  abundant. 
Heavy  storm :  Turbid,  yellow-brown, 
eartny  odour. 


tf 


n 


In  the  morning,  urine  is  prominent,  Us  shown  by  the 
•  chloride  and  by  other  signs  ;  later  on,  soapy  water  makes 
its  appearance,  with  a  white  scum  of  fatty  lime  salts 
thai  t^ds  to  clog  filten  and  leave  a  greasy,  deposit  on 
.  channels  ;  fixed  alkalinity  also  appears,  with  an  increase 
in  the  sodium  salts  ;  Mbsequent^  the  sulphuretted  odour 
of  Tegetable  washings  is  evident,  and  tiie  liquid  may  even 
Jbecome  temporarily  acid.    Hie  road  detritua  and  heavier 
matters  are  usually  caught  in  a  grit  chamber,  while  paper, 
string,  and  animal  and  vegetslble  fraffments  are  commonly 
-carried  forward  with  the  mixtiupe,  whidi  rapidly  beoomea 
blaok,  alkaline,  and  putrescent,    The  following  analyses 
-show  the  alteration  occasioned  by  mere  mechanical  strain- 
ing or  filtration.    They  are  arerages  t>f  thirteen  hourly  , 
r  samples  from  6  a.m.  to  6  p.m.  taken  from  different  aswexs 
•of  a  luge  town  on  the  water  closet  system  in  ISO?* 

Table  showing  Variation  in  Quality  of  Sewage  in  different 

Sewers  of  the  same  Town. 


faru  per  lOO^OOO. 


I 


I 


9'^ 


OS 


S>5 


»^ 


A.-DlMolTed 
Suspended 

Total 


7-21 
6-18 


18*89 


94*0 
86 


129 


20-8 


6*6 


81 


6-84 
6-86 


U-2 


•096 


None. 


r.— DiMOlTOd 

Soapended 
T6tal 


C.—DiMOlTed 
Snapended 

Total 


P.— DisMdved 
Snapended 

Total 


E.— DiMolved 
Snapended 

Tbtal 


6-66 
8-71 


9-27 


67 
61 


106 


111 


6-0 


1-6 


6*86 
9-88 


16-24 


■12 


None. 


7-2 
1-66 


876 


72 
60 

182 


12-7 


7-0 


3-66 


6-69 
7-68 


-06    iNone. 


14-27 


11-88 
1-86 


90 
45 


13-18    185 


12-0 


7-0 


2-06 


8-67 
6-28 


13-95 


•12 


None. 


11-12 


66 
38 


10-4 


6-5 


None. 


Average-DiaaolTed 
Snapended 

Total    -    • 


7-82 
3-82 


11-14 


76 
46 


121 


18-4 


6*2 


These  examples  ahow  that  the  suspended  sdids  contain 
.about  one-thi»l  of  the  oiganic  nitrogen  and  half  the  car- 
bonaceoua  matter  of  the  sewage. 

4132.  How  should  samples  for  analysis  be  oollected  f — 
Proportionally  to  the  flow,  and  not  in  equal  quantitiea  a« 
is  often  done,  e.^.,  recent  experiments  at  Manohestor* 

4133.  Are  you  of  opinion  that  the  bacterial  tranafonna- 
tions  of  sewage  occur  in  more  or  less  distinct  stages? 
If  ao,  wiil  you  give  us  an  account  of  these  stages  ? — When 

1213. 


Vr. 


f»cal  and  other  solid  matters  are  first  disohaiged,  the 
earliest  changes  must  be  nerodtc,  because  of  tiie  free   ^^*^^ 
oxygen  dissolved  in  the  water  and  contained  in  the  air.  i5Feh.i889» 

This  effect  is  mainly  the  same  as  the  last  stage,  t.<.,  the     

organisms  acting  in  a  normal  manner  upon  those  simpler 
constituents  like  ammonia,  which  must  obviously  already 
exist  in  small  quantities,  and  into  which  the  process  itself 
afterwards  resolves  the  main  ingredients  of  the  sewage. 
Nitrates  in  small  quantitiea  are  consequentlT  often  ob- 
served in  discharges  which  are  moderately  fres'h.  Aa 
soon  as  the  free  oxygen  haa  been  exhausted,  the  purely 
oxidation  changes  wiU  come  to  aa  end,  and  the  baetsria 
whdch  require  air  will  in  part  disappear,  and  in  part 
remain  quiescent  to  resume  their  functions  at  a  later  stage. 
On  the  other  hand,  the  anaerobic  oiganiams  will  oom- 
mence  to  multiply,  the  nitrate  will  be  reduced  to  nitrite, 
and  this  to  nitrogen,  according  to  reactions  we  shall  explain 
later,  and  the  liquefaction  and  hydrolysis  change  will 
proceed.  This  is  the  condition  when  the  sewage  arrives 
at  the  works,  and  the  first,  or  anaerobic,  stage  of  the 
treatment  proper  commences.  In  the  second  stage 
aeration  is  to  be  encouraged  as  much  as  possible,  so  that 
the  serobic  bacteria  may  act,  and  ammonia  and  oarboaic 
acid  be  produced,  with  the  help  of  some  of  the  anaerobic 
fomuET.    In  the  third  stage  with  provision  of  a  still  larger 

auantity  of  oxygen,  the  nitrifying  group  will  get  rid  of 
ie  remaining  products.    We  may  summarise  the  order  of 
the  changes  as  follows :  — 


Subetanoea  dealt 
with. 


Characteriatic 
Producta. 


Initial : 

Tranaient  aerobic  chaiigoa 
by  the  oxygen  of  the 
water  •  supply,  rapidly 
paaalngto:— 

Firat  Stage: 

Anaerobic  liquefaction  and 
preparaUon    by  hydro- 


Second  Stage : 

Semi  •  anaerobic  breaking 
down  of  the  intermediate 
diaaolved  bodiea. 


Third  Stage : 

Complete  aeration : 
flcation. 


nltri- 


Urea,  ammonia,  and 
easily  decompos- 
able matters. 


Albumlnona  matters. 
Oellnloae  and  fibre. 
Fata. 


Amldo  •  compounda. 
Fatty  acida.  Dia- 
aolTed  reaiduea. 
Phenolic  hodtai. 


Ammonia  and  car> 
bonaseoua  reaiduea. 


Soluble  nltrogenouB 
compounda.  Phe- 
nol derivativea. 
Oaaea.  Ammonia 
and  aminea.  Small 
quantitiea  of  aul- 
phur  compounda. 


Ammonia : 
Oaaea. 


nitrites. 


COs , H  s  0  and  nitrate. 


The  fermentations  ocoorrins  in  the  hydro^o  part  of 
the  process  may  be  cheinicaSy  classified  as  follows  :-* 

1.  The  solution  and  decomposition  of  albuminous 
bodies. 

2.  The  fermentation  of  urea. 

3.  The  fermentation  of  the  amido-oompounds  formed 
from  the  albuminous  bodies. 

4.  Ihe  formation  of  organic  acids  and  the  fermentalioB 

of  their  salts. 

5.  Cellulose  or  methane  fermentation. 

6.  The  fermentation  of  carbohydrates. 

7.  The  formation  of  small  quantities  of  sulphur  oom* 
pounds,  like  HjS,  mercaptan,  etc.  This,  from  the  odoor 
of  the  products,  often  atlaracts  the  most  attention. 

These,  as  a  rule,  are  conducted  by  bacteria  ;  moulds 
and  yeasts  not  being  commonl/'found  in  sewage  ;  indeed, 
their  presence,  according  to  Andreasch,  is  distinctly 
prejudicial  to  normal  bacterial  action.  l%e  following  is 
a  lut  of  many  of  the  sewage  bacteria,  iiiiioh  hare  been 
found  by  various  observers:-*- 
,  _  •-       . 

BACTERIA  OCCURRING  IN  SEWAGE. 


L,  liquefying  gelatine. 
NL,  not  fique^ring. 


*  "fiL,  slightly  liquefying. 


Obligatory  Anaerobes : 

Spirillum  rusnila,  L  (very  active,  spore  bearing,   gives 

rise  to  fiecal  odour). 
Sp.  amyliferum  (in  absence  of  air  acts  as  a  vigorous 

ferment). 
Bacillus  enteriditis  sporogenes  (Klein  t 

"  [(So!      - 


(B.  subtUis  is  aerobic  and  rapidly  consumes  oxygen, 
i*Q  is  dormant  in  the  first  fltage)» 
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Facultative  Anaerobes  or  Aerobe*  i 

R  paMfious  ooliy  NL  (decoiii|K>Be8  albuminons  substances 

with  liberation  of  ammonia  whether  air  is  present  or 

not. 
Spirillum  plicatile,  serpens,  ondula,  tenue,  and  volutans. 
Vibrio  saprophilus,   aurensi   flavus,   flavesoens,  NL  (in 

sewer  mud).   (Weibel). 
B.  mycoides,  L        -^Produce    NH,    from    nitrogenous 
Proteus  vulgaris,  L.  /    organic  matter,  and  denitruy. 
B.  fiuorescens  nutridus  (siifiilar,  produces  trimethylamine). 
b,  fiuorescens  liquefaciens  L,  and  non-liquefaciens  NL. 
Microcooeus  ureee,  NL ;  B.  ureie,  NL  (convert  urea  into 

ammonium  carbonate,  the  latter  the  most  enei^tically). 

Fliigge  lias  also  described  a.M.  ureie  liquefaciens. 
B.  mesentericns  L  (several  varieties  in  London  crude 
. ..  sewage).  ; 

Proteus  mirabilu  and  Zenkeri  L. 
B.  megaterium  L,  liquefaciens  L,  niacnus,  s])inosus. 
Streptococcus  liquefaciehf}  coli  L,  and  mirabilis  NL. 
B.  saprogenes,  I.,  II.,  III. ;    pyogenes  and  coprogenes. 
'  fetidus. 

B.  aeidi  paralactici. 

B.  lactis  aerogenes  NL  (produces  CO^  and  H). 
B.  coli  communis  NL,  (produces  mucti  gas,  mainly  H). 
dadothiix  dichotoma  L. 

Proteus  sulphureus  L  (produoes  H,S  and  mercaptan). 
Bacterium  sulphureum  L  =  (liquefies  gelatine  and  casein, 

produces  H^:  found  by  Suns  Woodhead  in  Exeter 

sewage). 
"Beggiatoa   alba   (secretes   granules  of  sulphur,  formed 

according  to  Winogradsky  by  oxidation  of  H,S,  and 

finally  turned  into  sulphuric  acid  by  the  plant). 

The  following  forms  reduce  nitrates  to  nitrites ; 

B.  vermicularis,  liquidus,  ramosus,  aquatilis  (grows 
luxuriantly  in  ammonia  solutions),  brides  myooides 
and  Proteus  vulgaris. 

The  following  were  found  hv  Jordan  in  the  selvage' 
of  St.  Lawrence,  Massachusetts : 

B.  cIoacsB  L,  ubiquitus  NL,  reticularis  SL,  circulans  L, 
hyalinus  L,  all  reducing  nitrates ;  superficialis  SL,  not 
reducing. 

Aa  sewage  contains  little  or  no  oxygen,  nearly  all  these 
■pecies  must  be  at  least  facultatively  anaerobic,  and  the 


decompositions  they  engender  are  liydit^ytic.  ..  OoDfle* 
quently  it  is  a  mistake  in  the  first  stages  to  introduce' 
air^  which  merely  hinders  the  anaerobic  changes^  M$d  i^t- 
this  point  only  weakly  encourages  the  aerobic  ones.      Asl, 
attempt  to  induce  early  nitrification  before  solution  is- 
effected,  results  in  the  production  of  nitrites  and  not 
nitrates.*    The  some  non-recognition  of  anaerobic  lique- 
faction leads  to  the  difficulty  with  the  solids  blocking  the- 
filters,  and  to  the  compulsory  resort  to  screens,  sedimenta- 
tion, or  even  to  an  iaea  of  pretiminary  precipitation,  i^ 
of  which  product  their  equivalent  of  sludge.    During  the^ 
**  resting  fall ''  period  of  the  filters  the  changes  are  really 
anaerobio,  during  empiying  and  resting  emp^  the  aerobic^ 
bacteria  are  at  work,      ^erefore  if  sole  depoideaoe  is- 
made  on  filters,  the  process  le  a  mixed  and  variable  one, 
and   the  result  is  shown  in  deficient  nitration.      In. 
sewer  mud,  five  species  of  vibrios  have  been  defined^ 
Thej  do  not  liquefy  gelatine,  and  their  action  is  probably 
on  we  carbonaceous  vegetable  nfatter^ 

The  putref active  fermentation  of  aibuminous  bodies  ia- 
oaused  by  a  large  number  of  species.;    The -first  action  is- 
parallel  to  ordinary  digestion,  that  is  the  so-called  pep- 
tonisation,  or  conversion  into  a  soluble  form.      The  pep- 
tones are  then  split  up,  amido-acids  Cke  leiicin,  iyrosih, 
etc.,  are  formed,  together  with  a  number  of  su<)wtance6 
of  the  aromatic  ffroup.t    The  amido-acids  further  break 
up  into  fatty  acids  and  ammonia.    Tyrosin  yields  indol, 
skatol,  phendl,  and  acids  related  to  benzoic  (Spirillum 
rugula  and  ^e  B.     coprogenes  group  develop  a  strong: 
fsBcal  odour,  probably  owing  to  this  reaction). 

The  breaking  up  of  organic  acids  is  described  in  tbe^ 
following  table,  adapted  from  an  admirable  summary  of 
the  varieties  of  septic  fermentation,  by  Or.  E.  Herfddt, 
of  Bonn.    (Oentralblatt  fur  Bakt.,  Jan.  and  Feb.,  1895  ;• 
J.  Soc.  Chem.  Ind.,  May,  1895.) 


f  BaoUliu  mjrooldet,  liquidiu,  vermicularis,  ramoaiu,  cIoso»  (Jordsn) 
•qiistilift.  and  others,  powerfallj"  reduce  nltntei  to  nitrites,  ana  aooonnt 
for  the  aosenoe  of  nitrates  in  sewage. 


t  OsMr  Bmmerling  found  that  Streptooooous  lonsns,  in  li^iiafyinfr 


TABLE   OF   FERMENTATIONS   OF  ORGANIC  ACIDS. 


(For  simpBoity  the  sodium  salts  are  taken,  though  the  lime  salts  are  rather  more  fermentible.) 


Salt  fermented. 


Cause  of  Fermentation. 


Products. 


Formate' 

Acetate 


Lactate         ... 
(Undergoes  four  different 
fermentations.) 


Malate  ..... 
(Different  fermentations.) 


Bacteria  and  moulds 


Bacteria  and  moulds 


Thin  baccillus  (Fitz)    .        .        -        . 

Other  s{>ecies  of  bacteria ;  short  aerobic 
butyric  bacteria  (Fitz). 


Bacteria  (not  described) 
•♦  Thin  bacUli." 


Tartrate 


Different  species  of  bacteria. 


Citrate  - 


Glyeerate 


■M*. 


"  Small,  thin  bacUli " 


Micrococci    «• 
Medium-sized  badllL 


Acid  sodium  carbonate,'  NaHCO,,  Carbonic  acid 
and  hydrogen. 

Acid  sodium  carbonate,  NaHCO,,  Carbonic  acid 
and  methane,  CH^. 

1.  Propionic  acid,  and  as  bye-nroducts,  acetic  and 

succinic  acids  and  alcohol. 

2.  Propionic  and  valerianic  acid. 

3.  Butyric  and  propionic  acid. 

4.  Butyric  acid  ana  hydrogen. 

1.  Chief   product,    propionic   acid;    bye-ptt>duct 

acetic  acid. 

2.  Chief  product,  succinic  acid ;  byd-product  acetic- 

acid. 

3.  Butyric  acid  and  hydrogen. 

4.  Lactic  acid  and  COg. 

1.  Chief    product,   propionic   acid;    bye-product 

acetic  acid. 

2.  Butyric  acid. 

3.  Chief    product,     an    acetate;     bye-productSr 

alcohol,  butyric  and  succinic  acids. 

Acetic  acid  in  larffc  quantities,  with  small 
quantities  of  alcohol  and  succinic  acid. 

1.  An  acetate,  with  small  quantities -of  succinic 

add  and  alcohol. 

2.  Formic  acid,  with  some  methyl  alcohol  and 

acetic  acid. 

(Underactive microbic  fermentation  all  eventually 
pass  into  CO,  and  H,  or  CH«.  The  CO,  is 
partly  free,  and  partly  as  bicarbonate  of  the 
base.  Acetic  acid  is  generally  the  penultimate 
product,  therefore  the  common  production  of 
methane.  Any  amides  of  tiie  acids  are  hydro- 
lysed,  with  liberation  of  ammonia). 


MINUTES  OF  EVIDENCE. 
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^4134.  What  i^  the  advantsge  of  the  fint  or  ftsaerobio 
drtige  ? — I  have  always  been  of  opinion,  and  have  often 
iilged  on  preTious  oocaaiona,  that  the  anaerobic  change 
i»an  integral  part  of  the  preparation,  and  that  the  neglect, 
.JNid  eten  avoidance  of  it,  has  been  a  frequent  cause  of 
laflure.   .    As  Budolph  Henng  aqMly    remarks:    "The 
jMiroibio  process,  when  applied  to  organic  matter  in  sus- 
pension, is  .slower  than  the  anaerobic  process.    It  takes 
a  long  time  for  solid  particles  of  organic  matter  to  dis- 
appear as  suchy  when  the  conyersion  depends  on  the 
^^oizygen'  contained  in  the  water.      It  takes  a  short  tim« 
when  it  is  brought  about  by  anaerobes,  which  produce 
conditions  causing  liquefaction.    The  reverse  seems  true 
in  the  case  of  oiganic  matter  in  solution,  because  the 
.aerobic  bacteria,  and  conditions  favouring   a  thorough 
.aeration  of  Uquid  sewage,  will  remove  a  much  greater 
amount  of  oiganic  matter  from  the  water  in  the  same 
ibne  than  if  it  is  left  to  the  action  of  anaerobes.'*    There- 
fore the  processes  ^ould  be  properly  and  systematically 
conducted  in  natural  sequence.    Any  mixing  or  confusion 
in  the  order,  any  artificial  interference,  or  attempt  to 
work  distinct    reactions'  simultaneoufldy   in    the    aame 
receptaoie,  will  lead  to  uncertainty  and  irregulaiiiy  in  the 
results. 

4135.  Have  you  an  example  of  the  changes  that  are 
effected  anaerobic^y  in  pracJdce  ? — Yes ;  with  the  Exeter 
tank  in  1^16  I  obtained  the  following  results  :  — 


III 

sal 


~kaw  Sevago,  Not. 
3,4. 

'Tank  Bfflaentt  Npv. 
4,6. 


46*8 
48*6 


H 

.o 


5 

•c 


5. 


II 


6-66 
4*32 


3-6 
4-9 


1*40 
0-04 


0-0 
Trace 


0-0 
0-04 


7-4 
9*24 


4-4 
2-2 


From  the  above  results  it  wiU  be  seen  that  the  dianges 
{nodueed  by  the  passage  of  the  sewage  through  the  tank 
jnay  be  summarised  as  follows:  — 

1.  A  marked  increase  in  the  total  solids  in  solution 
or  fine  suspension. 

.   .2.  A  reduction  of  about  39  per  centb  of  the  oiganic 
matter  as  measured  by  the  oxygen  consumed. 

3.  An  increase  of  about  33  per  cent,  in  the  free 
ammonia. 

•4.  A  reduction  of  about  54  per  cent,  in  the  organic 
or  albuminoid  ammonia,  or  50  per  cent,  in  thf 
organic  nitrogen.  . 

£.  A  slight  production  of  oxidised  nitrogen  and 
disappearance  of  a  smaJl  amount  of  the  total 
nitrogen. 

It  is  therefore  evident  that  the  septic  tank  by  means 
-of  its  bacteria,  enzymes,  or  spontaneous  chemical  decom- 
position, msjterially  alters  the  composition .  of  ihe  ,raw 
sewage.    Thte  increase  in  the  total  soUds  points  to  a  sol- 
vent action  of  the  water  on  matter  in  suspension,  and  this 
may  ^  due  io  a  digestive  or  to  a  purely  physical  |»ocess, 
but  the  marked  disappearance  of  organic  matter  and  trans- 
ference of  th^  nitrogen  from  the  organic  condition  to  that  of 
free  ammonia  is  undoubtedly  due  to  bscterilil  influences. 
The  above  changes  should  'be  capable  of  being  confirmed  by 
(1)  Evidence  of  the  production  of  geiseous  -carbon  eom- 
poundsy ,  either  oxidised  as  carbonio  acid,  or  as  hydro- 
carbons, and  (2)  Evidence  of  the  production  of  nitrogen  in 
:A  gaseous  form,  either  as  free  nitrogen,  lower  oxides  ol 
nitarogen,  or  possibly  ammonia  whicli  has  escaped  solution. 
The  correctness  of  this  was  proved  by  subsequent  experi- 
ments which  established  the  fact  that  the  dissolved  car- 
bonic acid  was  increased  in  the  effluent,  and  that  carbooio 
.acklF  ^^  nitrogen,  marsh  gas,  and  hydrogen  existed  in 
tfhe  air  nn  the  upper  part  of  the  iank^  which  .was  also 
:  found  to  be  entirely  deprived  of  its  oxygen.    The  raw 
.sewage  and  the  tank  emuent  were  also  proved  to  be 
•devoid  of  free  dissolved  oxygen,  so  that  although  atmo- 
spheric oxygen  might  leak  ii^  the  tank,  I  am  ol  opinion 
tiat  the  amount  Of  direct  oxidation  in  the  tank  must  be 
v^iy  small  and  that  the  oxidised  compounds  produced 
must  be  formed  from  the  dissolution  or  hydrolysis  of 
•oxygen-containing  oiganic  compounds.      Two  analyses  ol 
the  gas  obtained  (1)  from  the  slotted  pipe,  and  (2J  from 
Ibelow  the  surface  of  the  liquid  in  the  tank  are  given 
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b^elow  ;  the  second  sampW  burnt  freely,  and  neither  isampli       pk 
contained  any  oxygen : —  ■  s.  RiA 

Per  cent  by  Volume.  15  ,,|,  ,ggg, 

I.  XL  


Caj'bonic  Acid 

Methane 

Hydrogen 

Nitrogen  (by  difierence) 


0-3 
20*3 
IS '2 
61-2 

1060 


24-4 
36-4 
38-6 

1000 


I 


'  Several  determinations  of  the  amount  of  carbonic  acid 
jn  the  gaaes  of  the  septic  tank  showed  that  from  0*5A  to 
0*81  per  cent,  was  present,  or  about  fifteen  iimes  that  m 
the  outside  air.  As  the  tank  wm  not  constructed  in  socli 
a  way  as  to  allow  the  gases  produced  to  fiow  uniformly 
out  of  the  tank,  the  absolute  amount  of  gas  produced  per 
60,000  gallobfl  of  sewage  per  twenty-four  hours  could  not 
be  gauged,  ,but.  it  is  easy  to  see  that  with  difhision  taking 
place,  iihe  total  Joss  of  carbon  and  nitrogen  per  day  may 
be  veiy  cobsiderable.  A  further  and  more  distinct  proof 
of  the  laige  amount  of  oiganic  carbon  which  disappears  in 
the  tank  is  given  by  the  fact  that  the  dissolved  carbonic 
acid  was  greater  in  the  tank  effluent  than  in  the  raw 
sewage.  Thus  the  carbonic  acid  produced  in  l^e  tank 
effluent  was  determined  antl  found  to  average  8*8  parts  of 
carbonic  acid  per  100,000,  or  121bs.  of  oar£)n  per  50,090 
gaUons  dischiaged.  As  on  this  particular  a$j  62,238 
l^ons  discharged,  the  above  amount  of  carbon  should 
be  increased  to  albout  IKIbs.  to  represent  UiiBi  loso  ol 
carbon  on  this  dar.  '     ' 


Table  showing  Amount  of  Carbonic  Acid  formed  in  Tank. 


lu  cc«.  N/10  Add  per  llti-e 

■ 
• 

, c*.       ' 

■ 

Amount 

No.  of 
Sample. 

Sewage. 

No.  of 
Sample. 

Bfllaent.' 

FoRBed. 

OS-0? 

6      •    « 

oeo 

OH) 

S 

24-2 

S 

d2-0 

e7-8     ' 

S 

88-0 

7  ' 

94-4 

6Sr4       , 

4 

SO-0 

8 

1056 

46'6 

Average     - 

42-45      ' 

Amount  of  Carbonic  Acid  Gas  i^  the  Air  of  the  Septic  Tank* 

On  November  14th  samples  o^  gas  were  aspirated  for 
analysis  from  about  4  inches  above  tJ^e  level  of  the  liquid 
in  the  tank.  i 


— 

— 

1 
Time. 

■••|       •" 

k  1                   * 

Volume 
containing  equal 
weiglita  or  CO,. 

Pereentaget 
ofOOf 

• 

Flug  No. 

1  - 

11.25  a.m. 

1-8 

OM 

It 

2 

11.50  •  „ 

'       T-t 

per 

w 

8        - 

12.10  p.m. 

1-4 

1 

••70          f 

V 

*  :" 

12.20    „ 

.    1-7 

• 

0-67      • 

n 

5 

12.80    „ 

1-8 

0-76 

Air       . 

•        « 

11.15  a.m. 

.24-4 

0-04 

Average  amount  of  car1x)nic  acid  in  air  of  tank  =*  0*67  %. 

The  presenloe  of  these  apFpreciable  quantities  of  gtMea 
<5Qtit«ining  carbon  in  the  tank  aiul  tank  affluent  un- 
doubtwliy  ph>ves  that  considerable  purification  of  the 
sewage  in  the  tank  takes  place.  Since  the  date  of  the 
above  experiments  the  tank  has  been  made  aiz^iigjht,  and 
the  gases  formed  hsve  been  led  off  by  a  pipe  and  ignited: 
So  that  it  would  be  possible  for* the  combustible  gases 
produced  tp  bo  regularlv  burnt  if  a  goa  holder  to  regoJate 
wie  pressure  were  used.  As  the  amount  of  increase  ii| 
the  total  solids  in  the  fiist  set  of  .^experiments  might  havo 
been  due  to  the  sus{>ended  matters  in  the  samples 
examined— although  one  would  have  anticipated  more 
siispended  matter  in  the  raw. Sewage  than  in  the  effluent 
after  sedimentation  had  tak^  place-^a  further  new  aerim 
of  experiments  was  started  on  November  19lih,  and  the 
samples  analysed  after  filtration.    l%e  mean  results  oal- 
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i>r,       cHlated  to  a  chlorine  centent  of  7  parte  per  100,000  are  as 
3.Hidenl.    follows:  — 


isjr«b.i»oo. 

Total 

SoUdBin 

■elation. 

11 

• 

1 

i 

1 

,1 

• 

• 

9  >^ 

o§ 

filtered  Samples- 

- 

Haw  Sewage,  Not. 
13, 14. 

66 

8-61 

8-6 

4-3 

Trace 

0H» 

12*82 

6*8 

Efllttent,  Nov.  14, 
16. 

6» 

2-7S 

n-2 

2-66 

Trace 

0-022 

14*02 

6-7 

It  will  be  seen  that  th«  aboTe  results  give  the  same 
general  conclnsions  as  were  arriyed  at  ftom  the  former 
series,  yi&,  an  increase  in  the  total  solids,  25  per  cent^ 
of  organic  matter  destroTed,  an  increase  <^  33  per  centb 
lA  (be  free  ammonia,  and  a  decrease  of  98  per  cent,  in 
the  albuminoid  ammonia.  The  total  nitrogen,  however, 
in  this  series  shows  a  slight  increase  due  to  the  larger 
lunount  of  ammonia  found  in  the  effluenti  or  sum- 
marising— 

Purification  effected  by  Tank 

Oxygen       Albuminoid 
consumed.        ammonia. 


Ist  Series     - 
2nd  Series    - 
Mean 


33 
25 


54 
38 

46% 


The  Bivere  Pollution  Commissioners,  after  an  examina- 
tioQ  of  the  various  processes  of  chemical  precipitation 
then  known,  came  to  the  conclusion  that  the  average 
amonat  of  purification  was  ^*4  per  cent.  Org.  C.  and 
36-6  Org.  N. 

Hie  septic  tuik  seems  therefore  to  effect  as  much 
purification  as  an  average  chemical  precipitation  process, 
or  as  slow  upward  filtration.  It  mil  be  further  noted 
that  both  sets  of  experiments  show  an  increase  in  tiie  total 
soiUds  in  solution  of  from  four  to  eight  per  cent.,  and  this 
ean  only  be  explained  on  the  ihypothesis  that  the  solid 
fsBces  and  other  matter  in  suspension  pass  into  solution 
in  the  septic  tank. 

Tkldng  the  population  ea  1,500,  the  weight  per  annum 
of  solid  f»ces  msy  be  estimated  as  975  cwt,  containing 
1-5  owt.  of  orgamc  nitrogen,  whilst  127-5  cwt  of  organic 
nitrogen  wiU  exist  in  the  corresponding  urine.  These 
quantities  correspond  to  a  daily  production  of  300  lb.  of 
BoHd  f»ces,  containing  4*2  lb.  of  nitrogen,  together  with 
34*5  lb.  of  dissolved  nitrogen,  chiefly  in  the  form  of  urea, 
which  on  50,000  gallons  corresponds  to  60  parts  of  solids 
per  100,000,  containing  0-84  parts  of  nitropien  per  100,000, 
associated  with  6*0  parts  of  dissolved  nitrogen  and  4*6 
parts  of  chlorine  per  day. 

Solid  f »ces  contain  75  per  cent,  of  water,  and  therefore 
the  possible  weight  capanle  of  increasiug  the  total  solidB 
in  Bdittion  would  be  75  lb.  per  day,  or  15  parts  per 
100,000.  When  it  is  remembered  that  at  least  15  lb.  of 
carbon  are  lost  per  day,  as  carbonic  acid,  or  3  parts  per 
100,000,  or  say  6  parts  of  organic  matter,  this  with  the 
3  parts  dissolved  in  the  effluent  account  for  9  out  of  iiie  15 
parts  of  solids  entering  the  tank  in  suspension,  excluding 
any  estimate  of  the  considerable  quantities  .of  marsh  gas, 
hydrogen,  and  nitrogen  which  are  evolved  as  gas. 

The  300  lb.  of  solids  daily  may  be  estimated  as  having  • 
volume  of  l-7th  cubic  yard,  and  consequentiy,  if  no 
allowance  be  made  for  any  dissolution,  the  minimum  time 
required  for  this  quantity  to  fill  up  the  septic  tank  would 
be  about  three  yeans.  The  experience  of  Mr.  Scott- 
Moncrieff  with  his  cultivation  tank  and  of  Mr.  Cameron 
with  his  experimental  septic  tank,  has  been  that  after 
long  periods  of  working,  the  small  qnant^  of  ^residual 
snbstonoe  consists  of  a  finely  divided  inert  matter,  whidi 
seems  allied  to  humua  and  peat,  and  is  probably  similair 
to  the  final  nitrogenous  compound  noticed  'by  Adeney  in 
his  experiments  on  sewage,  and  which  seems  necessary 
for  the  subsequent  nitrification  process.— {Adeney,  Proo. 
Boy.  Soc.  Dub.,  Sept,  1896.) 

4136.  If  no  direct  oxidation  occuib  in  the  first  part  of 
the  process,  what  is  the  source  of  the  energy  that  occasions 
tiie  decompositions? — In  these  decompositions  by  liie 
agency  of  water  and  bacteria  alone,  or  hydrol'k/tie  dianges, 
I  have  found  that  there  is  a  distinct  evolution  of  hoat, 
jsmal  in  amount,  and  almost  imperceptible  in  the  bulk  of 
water,  but  sufficient  to  continue  the  redaction,  whiek  it 
commonly  known  therefore  as  sxof^ermic,  or,  oontaining 
within  itself  the  conditions  of  its  own  propagation.    This 


can  be  seen  by  a  calculation  of  the  thermal  equivalentr 
invoilved  in  the  equations.    Thus  in  the  case  of  urea: — 

CO(NH,),  +  H,0  +  Aq  =  CO,  +  2NH,Aq 
Heats  of  formation  +  77*5      +  68*4      +  97*6     2  x  (+20*4> 

(Stohmann)    (liquid)       (gas)     (in  solution)  > 


15*9 


mT 


but  the  2  NH,  and  CO.  neutralize  one  another,  resulting  \m 
a  further  evolution  of  about  20  units. 

Hence 
145*9  must  be  absorbed  while  158*4  must  be  evolved,  giving 
a  balance  of  12*4  unite  evolved. 

[The  unite  are  kilogram-centigrade,  and  the  substances 
are  taken  in  gramme-molecules.] 

CeUidow, 

C,H,,0,  -h  H,0  =  3  CO,  +3  CH^ 
Heats  of  formation     245  68  291  49*5 

Heat  absorbed  313    Heat  evolved  340*5 
Evolution  of  heat  27*5  units. 

[I  have  cfldculated  the  heat  of  formation  of  cellulose 
ihus: — 
Complete  combustion  of  6  C  and  10  H  to  CO,  and  water*. 
6  C  +  5  H,  +  O  in  excess  =:  6  CO,  +  5  H,0 

6x97      5x68-4 


924  units 
(yombustion    of    cellulose    C^HioO^    gives   678    units 
(Stohmann). 

924  -  678  =  246.] 

Albwmn, 

Berthelot  and  Andr^  (Chem.  Soc.  Abstracts,  1890,  p.  937) 
state  that  one  gramme  of  albumin  dried  at  100*"  C.  gives 
5,691  calories  (gram,  centigrade  units). 

Hence  CgH,,N,Os  =  185  of  albumin  give  185  x  5»691  = 
1,052,835  =  1,053  kilogram  units. 

We  must  fifBt  calculate  from  this  the  heat  of  fonnation 
of  albumin. 

♦  (8C-I-  13H  +  2N+30)bumt=8CO,  +  6H,0  +  N,  -H  H 

8  X  97      6  X  68 

776  +  408  =  1,184 

Hence  heat  of  formation  =  1,184  -  1,053  =  131  units. 

Now,  taking  a  simple  anaerobic  change  : — 

4C8Hi,N,0,-f  14H,0  =  4N,-H9CH^-H3C0, -♦-4H 
Thermally  4  x  131     14  x  68  19  x  16*5    13  x  97 

524     +     952  314*5  +   1*261 

1,476  absorbed  1,575*5  evolved 

giving  a  balance  of  1,576  -  1,476  =  100  units  evolved. 

^^^  Exothermic. 

It  is  curious  that  the  percentage  of  the  heat  in  the  pro- 
ducts which  is  evolved  is  in  each  ca«w  nearly  the  same  :— 


Heat  in 
Products. 

Heat 
Evolved. 

Percent. 

Urea      - 

158*4 

12*4 

8 

Cellulose 

340 

27-5 

8 

Albumin 

1,575 

100 

7 

These  enzyme  re-aotions  follow  the  ordinary  chemical 
law  of  going  in  tiie  direotion  of  an  evolution  of  heat^  They 
occur  at  atmospheric  temperature,  and  it  has  been  pointed* 
ont  by  Van  ^Hoff  that  the  lower  the  tempentai^e  ^e- 
more  nearly  will  Berthdof  s  law  of  maximum  work  be 
obeyed. 

4137.  What  changes  take  place  in  the  liquefaction  of 
gelatine  f— ^With  a  striotiy  aerobic  organism  like  3.  frodi- 
giotui  the  liqnaCaction  is  very  slow.  With  a  facultative 
anaerobe  like  B.  iUuntseent  liquefacieMf  which  ia  common 
im  aewage,  I  found  the  followiD|;  changes : — A  number  of 
UmAb  were  inoculated  with  thia  organism,  the  contents 
being  analysed  after  one  day,  when  only  a  superficial 
liquefaction  of  the  gelatin  had  taken  place  ;  two  di^, 
when  about  half  had  been  liquefied  ;  three  and  a-half 
days,  when  the  liquefaction  of  the  gelatin  was  quite  oom- 
plete  ;  and  finally  after  sixteen  days. 

*  I  have  left  oat  one  hydrogen  atom  In  this  calculation,  because  In* 
the  ensyme  reaction  one  hydrogen  per  molecule  of  albumin  is  set  free. 
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The  following  is  a  Ubulated  summary  of  the  resulto 
obtained:— 

Calculated  as  Grammes  of  Nitrogen  per  100  c.c. 

u 


IncQlMted  at  20' 
to  21*  C. 


i 


3    kl 


&B3, 


s 

9 


<e 


Blank  ({.>    - 

.»     (li.)  - 
B.  prodigiob?*  14  days 

V  floor.  Uquetacif-os, 

Idivy. 
B.  fluor.  liquefacienh, 

2dayr. 
B.  flnor.  1  quefacieiis. 

tk  days. 
B.  flnur  liquelacieiia, 

10  days. 


1-242 

1-109 

1-246 

— 

1-2S2  1  1*024 

1 

138    1  1-141 

1 

1-256  !  0-682 

1-267 

0-242 

1-26 

0-216 

0-614  I  0-003  I  0-061 
—      0-628    0-004  I    — 
0-400  '  0049  '    — 


0-402    0D28 


0-297 
0136 
0-081 


0-046 
0-068 
0-168 


0-106 
0-486 
0-742 


0-060 

0-606 

-      0-681 

—    j  0-616 

-     1 0-780 

0-424 

0-886 

0-476 

0-107 

0-124 

0186 

0-01 


It  wiQ  be  noticed  from  idie  analysis  of  the  blank  that  the 
original' dry  gelatin  contains  roughly  50  per  cent,  of  matter 
precipitable  by  Stotzer's  reagent,  so-called  albumoses. 
In  the  early  stages  these  albumoses  seem  to  be  first 
attacked  by  the  organism  ;  but  subsequently  their  decom- 
position proceeds  at  an  equal  rate  with  that  of  the  true 
gelatin. 

A  notable  feature  in  this  research  is  the  small  produc- 
tion of  ammonia  and  volatile  bases,  in  Tiew  of  the  fact  that 
substances  such  as  trimethylamine,  indol,  and  skatol  have 
been  generally  stated  in  analyses  by  otilier  obseirers  to 
be  constant  accompaniments  of  the  liquefaction  of  pro- 
teids.  That  this  is  not  accounted  for  by  the  volatilisation 
of  such  bodies  during  the  incubations  is  proved  by  the 
comparative  absence  of  odour  and  of  strong  alkaline  re- 
action in  the  air  of  the  flasks,  and  in  such  iCoss  not  being 
indicated  by  the  total  nitrogens.  Previous  investigations 
have,  however,  been  conducted  with  "  nutrient  gelatin,'' 
containing  other  proteids.  The  quantiir^  of  ammonia  pro- 
duced is  insignificant^  amounting,  even  after  sixteen  days' 
incubation  with  B,  nuorescens  liquefacienSy  to  only  0'168 
gramme  of  nitrogen  per  100  c.c,  corresponding  to  0-204 
gramme  of  ammonia. 

The  figures  for  the  nitrogen  unaccounted  for,  whkh 
would  be  almost  entirely  peptones,  are  verv  interesting. 
The  original  gelatin  solution  containing  0*060  gramme  per 
100  c.c,  this  gradually  increases  as  the  liquefaction  pro- 
ceeds, until,  with  B,  Huorescens  Uquefaoiens,  it  reaches 
the  maximum  figure  of  0*476,  when  the  medium  is  just 
entirelv  liquefied,  and  then  diminishes,  after  sixteen  days, 
to  0*124,  blowing  that  the  baciiQus,  after  bringing  about 
the  decomposition  of  nearly  all  the  gelatin  and  albumoses, 
subsequently  attacks  the  peptone,  which  has  meanwhile 
been  produced,  with  a  corresponding  increase  of  bases  and 
extractives  soluble  in  alcohol. 

413&  Can  the  enzymes  act  without  the  bacteria) — ^In 
order  to  ascertain  whether  an  enzyme  is  capable  of  lique- 
fying the  gelatin  without  the  aid  of  bacteria,  a  large  quan- 
tity of  gelatin  medium  was  ipoculated  with  B,  fluorescens 
liquefaciensj  and  incubated  at  20^  C.  After  about  five 
days,  when  the  culture  was  entirely  fluid,  some  of  it  was 
filtered,  by  a  vacuum,  through  a  Pasteur  candle  into  a 
4Mteiiagfcek  eontoiiiing  100  cc  of  10  per  cent,  gelatin 
that  was  quite  sterile.  When  about  10  to  15  c.c.  of  the 
culture  had  passed  through,  the  filter  was  removed,  the 
neck  of  the  flask  plugged  with  cotton-wool,  and  the 
gelatin  warmed  to  30^  0.,  so  as  to  be  able  to  mix  the 
filtrate  uniformly  with  the  gelatin  solution  ;  it  was  then 
allowed  to  set  quite  firmdy,  and  incubated  at  20^  d  As 
after  a  few  hours  the  gelatin  was  not  quite  solid,  it  was 
removed  from  the  incubator  and  kept  in  a  room  at  about 
10^  C.  In  twenty-four  hours  the  contents  of  the  flask 
were  semi-liquid,  and  after  thirty-six  honxs  quite  liquid. 
It  was  proved  to  be  sterile  by  microscopical  examination 
and  by  attempts  at  subculture.  l%e  liquid  did  not  smell 
putrid,  and  was  not  fluorescent ;  except  that  it  was  liquid, 
it  appeared  the  same  as  the  original  gelatin  solution.  The 
contents  of  the  flask  were  then  analysed  with  the  follow- 
ing results,  calculated  into  grammes  of  nitrogen  per  100 
cc : — 


• 

Albumoses. 

• 

flS 

1 

S 

s 

Bases  and 
Exact!  ves. 

1 

1 
Peptone. 

Vol.  Org. 
Acids. 

1-282 

-869 

0*21 

Nil. 

0-409 

0-174 

• 

Nil. 

The  liquid  was  tested  for  the  presence  of  peptone  by        Dr. 
dialysing  a  portion,  and  adding  caustic  soda  and  copper   S-^^^- 
sulphate  to  the  dialysate,  when  a  strong  biuret  reaction  i6Feb.i809. 

was  obtained ;  with  the  original  gelatin  solution  simi  arly      

treated  there  was  no  reaction.  That  an  enzyme  is  produced 
by  B.  Hiboreicens  Hqxiefaciens  was  further  confirmed  by 
repeating  the  above  experiment  on  a  15  per  cent,  gelatin 
containing  Pasteur's  solution  as  before,  when  it  was  found 
to  be  liquefied  in  twenty  hours  at  17°  to  IBP  C 

4139.  Should  we,  therefore,  attempt  to  use  separate 
cultivations  of  individual  bacteria? — The  phenomenon  of 
symhiosisj  that  is,  when  one  or  more  kinds  of  bacteria  act 
together,  and  effect  decompositions  which  neither  of  them 
could  separately,  shows  that  it  is  not  necessary  to  aim  at 
securing  individual  species,  which,  indeed,  would  be 
impossible  in  practice,  if  the  complexity  of  the  flora  of 
sewage  be  considered.  If,  however,  successive  ^sones  or 
habitats  be  arranged  under  slightly  varying  circumstances 
of  aeration  or  otherwise,  groups  of  species  will  establish 
fhemselves  to  thb  exclusion  of  others,  and  sewage  passing 
fhrough  will  find  itself  exposed  to  a  natural  cycle  of 
fihange.  Such  an  arrangement  takes  place  in  the  top  and 
bottom  layers  of  the  septic  tank,  and  still  more  in  the 
*' bacteria  tanld"  of  8cott-Moncrieff,  where  the  stones 
become  coated  with  zoogkea  layers  of  diff'erent  organisms 
at  successive  points.  The  same  system  he  carries  out 
further  in  the  third  stage  in  his  oxidising  filter. 

4140.  Is  there  any  chance  of  the  products  of  the  fer- 
mentations bringing  the  process  to  an  end  f^- As  regards 
mass  action,  and  the  hindering  of  a  reaction  by  the 
presence  of  the  product  of  an  enzyme  change,  with  the 
possibility  of  attaining  a  point  of  equilibrium  between  a 
direct  and  inverse  change,  the  work  of  Hill  (J.  0.  S.,  Aug. , 
1898)  seems  to  be  decisive.  As  a  representative  instance 
he  takes  the  conversion  of  mattose  into  glucose  by  maltase, 
an  enzyme  from  yeast.  With  a  40  per  cent,  solution  he 
shows  that  equilibrium  is  reached  when  84  per  cent,  of 
the  sugar  is  maltose  and  16  per  cent,  glucose. 


MaltoHc 


84 


o/ 

/o 


->    Glucose 


16 


•o/ 


>in  40%  sohi  ions. 


In  weaker  solutions  the  equilibrium  point  for  maltose 
increases,  so  that  in  a  2  per  cent,  sugar  solution,  it  is 
almost  completely  converted.  In  a  solution  so  dilute  as  a 
sewage  tiie  influence  of  the  products  would  hardly  be  felt, 
so  that  the  enzyme  changes  would  proceed  to  completion. 
Still,  the  action  is  more  energetic  when  the  products  are 
removed  as  formed,  and  the  bacteria  are  supplied  with 
fresh  food.  In  nitrification  the  solution  must  not  be  too 
strong,  nor  too  alkaline.  Warington  found  that  a  12  per 
cent,  solution  of  urine  was  the  highest  strength  nitriflab'.e 
and  that  the  maximum  alkalinity  corresponded  to  36*8  pts. 
per  100,000  of  N.  as  ammon.  carbonate,  equal  to  44*6  parts 
of  ammonia.  These  are  strengths  which  only  under 
special  circumstances  would  be  approached  in  sewage. 
In  the  runnings  from  urinals,  stables,  etc.,  dilution  would 
be  necessary. 

4141.  The  processes  should  therefore  be  worked  con- 
tinuously if  possible  ? — ^Yes,  the  correct  method  of  work- 
ing is  a  cantirviioiLs  process  in  the  three  stages  I  have 
indicated  ;  first,  of  anaerobic  liquefaction,  or  hydrolysis  ; 
second,  of  partial  aerobic  change  ;  third,  of  full  aeration 
witii  nitrification.  In  methods  involvinff  a  **  resting  full " 
and  "  resting  empty  "  period,  there  is  sltemate  inversion 
of  bacterial  action  between  aerobes  and  anadrobes,  with  a 
disturbance  of  both,  necessitating  prolonged  periods  of 
rest.  As  an  illustrative  experiment  I  may  quote  some 
determinations  I  made  at  Exeter  in  1896  of  i^e  amount 
of  carbonic  acid  produced  in  an  empty  filter. 

On  November  12th,  "compo"  tubes  were  sunk  to 
different  levels  in  Filter  Na  2,  which  had  been  in  con- 
stant work  for  several  days,  and  the  gases  aspirated  for 
analysis  two  or  fhree  hours  after  the  last  discharge. 


Air. 

Tubel, 
18  in. 

Tube  2, 
86  in. 

Tubes, 
54  in. 

0-04 

1 

0-876 
9-4 

0-96 
24-4 

0-75 
18-8 

1215. 


Per  cent,  of  Carbonic  Acid  by 
Volume        .... 

Relation  to  Yolnme  in  Air     - 


AHftumi^g  the  air  in  each  empty  filter  to  contain  1  per 
cent,  of  ci^onic  acid,  we  have  80  gallons  of  carbonic  acid 
in  each  filter,  or  about  400  gallons  produced  per  day. 
The  weight  of  organic  carbon  destroyed  per  day  in  this 
way  is  therefore  about  2^  lb.  No  experiments  were  made 
to  determine  the  amount  of  dissolved  carbonic  acid  pro- 
duced in  the  filters,  but  this  must  be  considerable.     I  hav^ 

I  I 
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ROYAL  COMMISSION   ON  SEWAGE   DISPOSAL: 


Dr.       shown  by  curves  the  variation  in  the  amount  of  nitric 

.  Ridsal.   nitrogen  in  the  filtrate.    A  copy  of  the  cuxrea  I  now  hand 

16  ftob.  1899.  in.    After  a  period  of  long  rest,  the  greatest  amount  of 

-:      nitric  nitrogen  makes  its  appearance  in  the  first  runnings, 

4o^S^.  showing  that  it  is  during  the  period  of  rest  that  the  nilric 
—  ac^d  is  formed.  Analyses  of  the  liquid  rising  in  the 
"wells"  on  filling  a  filter  when  the  residual  liquid  is 
being  dispdaced,  show  nitric  nitrogen  of  from  three  to 
five  parts  per  100,000  in  many  instances.  During  the 
''  resting  full "  period,  on  the  other  hand,  the  action  must 
be  mainly  anaerobic. 

4142.  Do  these  changes  always  go  on  in  a  natural  order 
of  sequence  9 — ^No  ;  it  is  well  Imown  that  in  a  mixture  of 
immense  numbers  of  species,  some  of  them  are  crowded 
out,  are  not  able  to  act,  and  will  finally  disappear.  Such 
is  the  fate,  as  a  rule,  of  pathogenic  organisms,  which  pre- 
ferably grow  at  bdood  heat,  and  do  not  find  themselves 
under  favourable  conditions  at  low  temperatures,  and 
among  a  swarm  of  competing  others  It  has  been  already 
pointed  out  that  in  ordinary  bacteria  beds  these  reactions 
are  somewhat  fortuitously  reversed  and  confused,  accord- 
ing to  the  periods  of  filling  or  rest,  the  fault  bemg  caused 
by  mixing  all  the  different  bacteria  in  one  or  twn  large 
filters. 

4143.  You  have  made  a  chemical  examination  of  tiie 
constituents  of  the  Exeter  tank  effluent,  and  found  many 
of  these  chemical  compounds? — ^Tee,  tiie  following  is  a 
summary  of  the  results  I  have  obtained : — 

EXETER  TANK  EFFLUENT,  Nov.  3, 1898. 

Sewage  odour  not  stronc ;  no  free  H,S ;  some  black 
deposit ;  supernatant  liquia  nearly  clear  and  of  a  slight 
brown  tint. 

1.  AlkcUiniiy,  distribution  of  Nitrogen,  and  examination  of 

the  volatile  bases. 

Total  alkalinity,  100  c.c.  =6*0  c.c  dednormal  acid. 
Fixed        „  „      =2-6  c.c 


It 


.'.Volatile    „  „      =3-5  c.c. 

=6-95  pts.  free  NH,  per  100,000. 

By  Nessler  test  in  the  original,  the  actual  free  NH.  was 
4*6  pts. 

Therefore  in  the  evaporation  there  was  some  decomposition 
of  albuminous  or  amido-matters  with  liberation  of  ammonia, 
causing  a  reduction  in  the  amount  of  free  alkalinity. 

Therefore  the  free  ammonia  estimated  by  distillation 
would  be  too  high,  and  the  albuminoid  too  low,  as  I  shall 
have  further  occasion  to  remark  in  speaking  of  processes  of 
analysis. 

Organic  nitrogen  (Kjeldahl)  =  1-98  pts. 
Nitrates       ....       None. 
Nitrites       -        -        .        .       Trace. 
Nitrogen  as  ammonia  •        -       3*79 


Total  nitrogen 


6-77 


To  further  examine  the  4*6  parts  of  apparently  free 
ammonia,  it  was  turned  into  a  hydrochloride  and  fraction- 
ated.    The  composition  found  was  : 

Real  ammonia,  NH.    -        •    3*48  pta. 
Methylamine,  CH5  NH,     -    0844 
Trimethylamine  -        -        -    Traces. 


4*324 


2.  The  Solids. 
Twenty-one  litres  of  the  nearly  clear  liquid  was  distilled. 
(Distillate    examined   for    volatile   matters:    ammonia, 
methylamine,  trace  trimethylamine,  indol  or  skatol,  smaU 
quantity  of  a  sulphuretted  volatile  compound  related  to  the 
mercaptans). 
See  further,  volatile  bases. 

Boiled  down  to  1  litre  and  allowed  to  stand,  a  brown  pre- 
cipitate separated.    A  separate  examination  was  made  of : 
(a.)  Mother  liquor;  organic  acids,  fixed  bases,  neutral 

bodies. 
(6.)  Insoluble  precipitate. 

The  amounts  of  the  solids  per  100,000  were : — 
Organic  matter,  soluble    -        -    15*43 
„  „       precipitated    -      2-16 


Total  oi^sanic  solids 
Sodium  chloride  (6*2  pts.  CI)    - 
Other  inorganic  matter    - 

10-20 
10-22 

17-58* 

Total  inorganic  solids     • 

- 

20-42 

Total  solids 

38-00 

*  These  included  a  large  amount  of  undefined  amorphous 
bodies  often  classed  as  "  extractives,"  some  of  them  den  red 
from  the  colouring  matters  of  urine  and  faeces. 


3.  Fixed  Bases  or  PtonuUnes, 

The  residue  of  21  litres— trom  which  had  been  Ben4rated 
(1)  volatile  matters,  basic,  neutral,  and  acid— (2)  neutral 
bodies  soluble  in  ether :  was  alkalized  and  extracted  with 
ether.  The  product  was  an  obscurely  crystalline  white 
substance,  weighing  -0242  gramme  (  =  0-116  parts  per  100,000), 
inodorous,  sparingly  soluble  in  water,  alkaline.  For  neutralisa- 

tion  it  required  0*3  C.C.  of  ^  acid  =  143  c.c.  per  100,000. 

=  0*72  c.c.  of  decinormal  acid. 
[To  give  an  idea  what  this  means,  if  the   base  were 

goanidine,  C  (NH)  (NH,),,  molecular  weight  59,  1  oc.  |r 

acid  =  *0059  grm.  guanidine. 

=  -00426  grm.  in  21  litres  =  0*0202  pts.  per  100,000. 
Probably  the  main  part  of  the  base  has  a  higher  molecular 
weight,  or  is  only  weakly  alkaline.] 

4.  Other  Compounds* 

Among  ohe  other  sabstances  detected  were  a  white,  waxy, 
odorous  body,  volatile  with  steam  and  soluble  in  ether, 
neutral :  proM.bly  indol  or  skatoL 

Leucine  and  xanthine  were  found,  but  no  tyrosine. 

Phenol  was  present.  No  uric  acid,  peptone,  or  sugars 
were  discovered. 

5.  Organic  Acids.— (Exeter  tank  effluent,  21  litres). 

I.  As  present  in  the  soda  salts  soluble  in  water. 
A.  Fixed  acids  soluble  in  ether : — 


Grms.  in 
21  Iiitres. 

Pts.  per 
100,000. 

Insoluble  in  water : — 

Contained  oleic  acid    • 

-066 

0-267 

Soluble  in  water : — 

Contained  phenylacetic  and 
probably  lactic  (no  butyric 

060 

0-285 

m  this  portion). 

0-562 

B.  Volatile  fatty  acids : — 

Na  s^ts  distilled  with   H^SO^,  fractionated,  the 
fractions  converted  into  Ba  salts. 


Fraotlon. 

Weiffht 
BaSalt. 

%Ba. 

Calculated 
X  of  Aoetate. 

Weight 

of  Fatty 

Adda. 

CalculatMi 
Acetic. 

Volnme. 

« 

110  oc. 

•2506 

46^6 

28-4 

•1406 

•0871 

0 

70  ,. 

•1606 

476 

86-7 

•OS02 

•0286 

y 

102  „ 

•8476 

48*7 

68-4 

•1260 

•0786 

) 

100  „ 

•0767 

46^4 

26*2 

•0416 

•0100 

1 

108   „ 

•0864 

48-9 

— 

•0400 

— 

C 

40   „ 

•0810 

27-7 

— 

•0226 

— 

ToU 
Vc 

1  weight  of/ 
aatUeAc{dft.\ 

•4696 
«219pta. 

•1602 
=  0*71  pti. 

Which  givei  a  probable  compoaltion  in  pta.  per  100,000  :— 

Butyric  Acid        ....      i-stj 

...      0-710 


Acetic 
Phenylacetic  Acid 


0-107 
2-190 


[;^ofBa:- 

Ba  acetate 
„  butyrate 


68-72 
44-06 


Acetic  and  batyrlc  were  proved  in  fraction!.  •,  fi,  y,  I. 
•  Memed  to  be  almoet  entirely  butyrate. 

C  gave  a  strong  reaction  for  phenylaoetic,  but  aeemad  alio  to 
contain  eome  butyrate. 

II.  As  present  in  the  lime  and  iron  salts  precipitated 

on  hoiling. 

Pts. 

C.  Fixed. — Insoluble  fatty  acids  of  low  melting     0*28 
point  including  caproic. 

Lactic  acid.  0^006 


0-286 


D.  Fo/ofi/e.— Had  a  smell  like  formic  acid  mixed  wiUi 

acetic    and    contained   some  insoluUe 
waxy  matter. 


MINUTES  OF  EVIDENCE. 
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4144b  Does  not  the  presence  of  grease  cause  a  consider- 
able difficulty  ? — Soap-suds  and  greasy  matters  give  rise  to 
considerable  trouble  in  the  mechanical  treatment  of 
sewage.  At  Bradford  the  refuse  of  wool'^scouhnff  has  been 
the  chief  difficulty  for  years.  The  sewage  has  oeen  pre- 
cipitated chemically  by  ferric  sulphate^  but  in  the  addition 
to  the  large  quantity  of  chemicals  required,  and  the  un- 
satisfactoiy  character  of  the  effluent,  the  Yery.  luge  quan- 
tity of  grease  in  the  sludge  obstructs  the  filter  presses,  and 
renders  it  impossible  to  reduce  the  water  below  06  or  even 
98  per  oent*,  which  not  only  increases  its  weight  and  bulk, 
but  also  the  difficulty  of  drying.  In  a  bac- 
terial tank  the  grease  is  first  emulsified  by  l^e 
ammonia.  There  are  several  bacteria  that  attack  fata  in 
mreaence  of  nitrogenous  substances  (Sommaruga,  Zaits, 
Hyg.,  xvii.,  441),  breaking  iihem  up  into  simpler  acids  of 
the  fatty  series,  like  acetic  and  butyric,  wtxidi  in  theiar 
tum  are  finally  resolved  into  COo  and  H.  Many  common 
moukU  also  act  on  fats,  notably  the  ordinary  green  moold, 
PeniciDium  glaucum,  which  Hanriot  (C.B.  1896,  193^ 
753)  found  to  oontsin  an  enzyme  "  lipase,"  beside  emukin 
and  other  ferments.  Moulds  are  not  commonly  present 
in  the  anaerobic  stage,  but  occur  in  the  second,  or  limited 
aeration.  Ritthaueen  and  Baumann  found  that  a  great 
destruction  of  fat  occurred  by  the  action  of  moulds  and 
bacteria  in  a  substance  containing  proteids  as  well 

4145.  What  evidence  is  there  as  to  the  breaking  down 
of  vegetable  matters  in  a  bacterial  tank  9 — As  to  the  solu- 
tion of  cellulose  and  filbrous  maitters,  Mitscherlich  in 
1850  proved  that  cellulose  was  dissolved  by  fermentation, 
and  Yan  Tieghem  in  1870  described  the  most  active 
organism  as  B.  amyloha^er^  anaerobic,  and  derived  prin- 
cipally from  the  intestines  of  animals.  Tappeiner  fer- 
mented cotton-wool  and  paper-pulp  in  a  weak  nitrogenous 
solution,  and  obtained  CO,  and  methane  in  neutral,  and 
OO2  <uid  H  in  alkaline  solution.  Hoppe-Seyler  in  1886 
found  only  traces  of  soluble  residues,  imd  concluded  that 
at  first  a  soluble  carbohydrate  was  formed  by  the  action  of 
water,  and  that  this  was  then  split  up  into  carbonic  acid 
and  methane     -     CeH,o05   +   HjO   =   CffLuO^ 

CeHjjOfl   =   3CO,   +   3CH4 

If  more  water  took  part,  less  CH^  and  more  H  would 
be  obtained. 

Yan  Senus  in  1890  proved  the  fermentation  of  fibre  to 
be  anaerobic,  that  it  was  occasioned  by  a  symbiosis,  or  oon- 
onrrent  action  of  B.  amylobacter  with  hutyrieus  and 
other  organisms,  and  that  gaseous  products  of  the  above 
character  finally  remained.  He  isolated  an  emgyJUQ 
w4iich  dissolves  fibre,  and  also  a  group  of  these 
resolving  bacteria  from  mud,  stomach  contents,  and 
decking  vegetable  matter. 

In  laboratory  experiments  with  different  kinds  of  cellu- 
lose, paper,  cotton-wool,  etc.,  in  water  inoculated  with 
sewage  oiganiams,  I  have  observed  gradual  liquefaction 
with  the  production  of  inflammable  gases. 

The  changes  occurring  in  silos  and  in  manure  heaps 
may  be  noticed  as  examples  of  the  anadrobic  breaking 
down  of  cellulose  and  fibrous  mattera 

The  smaller  remains  of  vegetable  matter  whic^  pass 
down  sinks,  occasion  considerable  nuisance  when  an 
attempt  is  made  to  remove  them  bv  screens  or  on  the  top 
of  a  coarse  filter.  .  lliey  act  objectionably  in  three 
ways :  — 

1.  They  set  up  acid  fermentation  and  corrode  iron  ; 

2.  Many  of  them,  like  the  oabbage  family,  oontain 

sulphur  compounds  and  evolve   very  offensive 
odours  ; 

3.  They  form  a  pulp  which  blocks  i2ie  strainers. 

Under  anaerobic  conditions  in  a  closed  space  they  rapidly 
rot  away  and  disappear,  their  pectose  first  dissolving,  and 
then  their  cellulose,  while  the  ammonia  takes  up  the 
acidi. 

FXBMZNTATION  OF  OtHSK  CaSBGHTDKATES. 

Starch,  different  sugars,  and  gummy  substances,  un- 
doubtedly enter  into  sewage.  But  their  hydrolysis  is  so 
rapid,  that  very  little  trace  of  them  is  found  after  a  i(hart 
period.  Those  fermentations,  like  the  alcohdio,  which 
are  occasioned  by  higher  fungi  like  yeasts  and  moulds,  do 
not  present  themselves.  The  changes  are  mostly  laeUe 
by  B,  acidi  2acttci,  or  hutyrie^  by  OhsMdium  hutyricum 
or  BaeiUus  butyrieus  (both  anaSrobic),  giving,  besidee  the 
respective  adds,  carlxmic  acid,  hydrogen,  and  water. 

1213. 


4146.  Can  you  tell  us  something  as  to  the  odorous  com;        J>t. 
pounds  that  are  evolved  from  sewage  ? — ^These  are  mainly   ^-  ^|We«'« 
of  two  types,  amines  and  sulphur  compounds.     The  lower  15  Feb.  isoe. 

amines  smell  like  ammonia^  and  are  commonly  reckoned  as      ' 

such,  as  I  have  observed  in  the  Exeter  analysis,  where  I 

found  monomethylamine.  Trimethyl&mine  has  a  fishy 
smell,  which  is  very  marked  in  some  sewages.  B.  wretZj 
B.  prodigiosiu,  and  B.  Huorescens  putridus  develop  this 
compound  during  putrefaction ;  amylamine  and  others  are 
also  found.    The  chief  importance  of  the  group  lies  in    . 

1.  Their  volatility  snd  odours ; 

2.  Their  removing  carbon  as  well  as  nitrogen ; 

3.  The  toodo  natora  of  aome,  by  irhidh  they  hinder  the 

subsequent  nitrification.    Therefore :  —  ^ 

(a)  The  preliminary  liquefaction  should  be  conducted 
in  a  closed  chamber  ; 

r 

(h)  The  amines  must  be  removed  by  a  nitrous  or  otiier 
oxidation  in  the  second  part  of  the  process  before 
reaching  the  nitric  organisms. 

The  same  remarks  apply  to : — 

The  Sulphur  Fermentation. — Dr.  Sims  Woodhead  found 
Bacterium  iulphwreum  in  the  Exeter  tank.  It  liquefies 
gelatine,  casein,  and  other  albuminoids,  and  produces 
sulphuretted  hydrogen.  Several  observers  did  not,  how- 
ever, find  H^-S  in  &e  tank  gases.  I  have  found  that  a 
meioaptan  (methyl  hydro-sulphide)  and  other  ethereal 
compounds  are  undoubtedly  present  in  small  quantities. 
They  are  very  soluble,  and  easily  oxidisable. 

Most  of  the  sulphur,  however,  enters  into  combination 
with  the  iron  present  in  the  sewage,  forming  insoluble 
ferrous  sulphide,  and  giving  a  black  colour  to  the  sus- 
pended matter.  When  the  black  matter  is  treated  with 
acids,  sulphuretted  hydrogen  is  evolved,  and  the  substance 
becomes  brownish,  just  as  when  strong  acid  effluents  from 
factories  are  discharged  into  ditches,  or  on  to  the  black 
mud  banks  of  neglected  rivers,  a  liberation  of  sulphuretted 
hydrogen  occurs.  In  the  tank,  however,  the  ferrous 
sulphide  is  protected  by  the  ammonia ;  on  reaching  the 
oxidation  stage  it  is  converted  into  a  basic  ferric  sulphate, 
forming  an  ochreous  coating  on  the  materials,  which  con- 
siderably assistB  in  the  transfer  of  oxygen. 

4147.  Do  not  the  bacteria  escape  from  the  septic  tank 
or  any  other  anaerobic  chamber  1 — ^Yes  ;  but  a  large 
number  remain  entangled  in  a  zooglcna  mass  either  at  the 
top  or  bottom  of  an  unobstructed  tank,  or  as  a  layer  on 
the  surface  of  the  flints  or  other  filling  material. 

4148.  Is  there  any  danger  of  pathogenic  organisms 
escaping  9-^This  important  point  was  raised  at  the  Exeter 
Local  Government  Board  Inquiry,  referring  to  the  patho- 
genicity of  the  product  after  anaerobic  treatment,  since  it 
has  been  suggested  that,  whilst  cultivating  the  bacteria 
necessary  for  the  destruction  of  the  organic  matter  in 
sewage,  the  pathogenic  organisms  present  in  the  crude 
sewage  will  not  only  survive  but  may  possibly  multiply, 
and  so  cause  the  effluent  to  be  dangerous  to  health.  It 
is  important,  however,  to  remember  that  the  bacterial 
processes  are  not  novel,  but  are  identical  with  those  which 
obtain  in  nature,  so  that  effluents  from  sewage  farms  are 
strictly  comparable  with  filtrates  obtained  after  either  a 
"  coarse  bed ''  or  an  anaerobic  treatment.  Mr.  Groves,  in 
his  recent  evidence  before  the  Water  Commission, 
hoped  that  the  Lo<»l  Government  Board  would  not  depart 
fnun  their  past  position  with  regard  to  land  treatment,  as 
from  the  typhoid  statistics  for  London,  he  argued  that  the 
present  me&od  of  dealing  with  sewage  was  satisfactory. 
Although  with  any  new  scheme  it  is  difficult  to  obtam 
direct  evidence  as  to  its  ultimate  effect  upon  a  river  water 
whidi  is  subsequently  to  be  used  as  a  drinking  supply, 
one  must  recollect  that  under  existing  circumstances  the 
removal  of  all  kinds  of  bacteria  from  the  river  water  10 
attempted  by  those  who  desire  to  use  such  water  for 
drinking  purposes,  so  that,  even  assuming  that  bacterial 
systems  tend  to  increase  the  bacteria  in  the  river,  they  do 
not  make  any  new  departure  necessitating  a  re- 
consideration of  our  methods  of  water  purifieation. 
Even  if  an  anaerobic  treatment  adone  resulted  in  an 
effluent  which  possessed  toxic  properties  disastrous  to  a 
small  riter,  it  must  be  recollected  that  no  process  is  at 
present  suggested  which  does  not  involve  a  fuU  and 
^dent  aerating  filtration  S0  a  final  method  of  purifier 
tion,  and  it  is  the  pathogenicity  of  such  fiHratea  upon 
which  information  is  wanted.    Satisfactory  evidence  on 
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Dr.       most  of  ihe  systems  is  now  available,  from  which,  I  thixik, 

S.  Midtai.   ^g  ^yg  justified  in  concluding  that,  even  if  towns  on  a 

i&Feb.  1809.  river  like  the  Thames  adopted  bacterial  schemes,  the  patho- 

genicity  of  the  London  water  supply  would  not  be  adversely 

affected.  With  intermittent  fine  bed  filters  following  coarse 
bed  or  chemical  treatment,  as  at  Leeds  and  London,  fish 
have  lived  in  the  filtrate.  At  Exeter  Dr.  Cartwright  Wood 
examined  the  tank  effluent,  the  filtrate,  and  the  Bv«r 
water  before  and  after  admixture.  Broth  inoculated  with 
these  fluids  and  incubated  for  forty-eis^t  hours  had  no 
effect  upon  rabbits  or  guinea  pigs  when  Ice.  was  injected 
subcutaneously.  When  inoculated  for  eleven  days,  the 
tank  effluent  and  the  wator  at  Belle  Isle  contaminated 
with  the  untreated  town  sewage  were  found  to  be 
morbific,  but  the  filtrate  and  the  water  at  Salmon  Pool 
Weir  some  little  distance  below  the  town  contained  ao 
little  morbific  material  of  any  kind  that  even  with  this 
severe  test  both  animals  remained  aliye  and  perfectly  well. 
Dr.  Woodhead  in  his  report  concludes  **  that  none  of  the 
organisms  themselves  found  in  the  tank  effluent  are 
capable,  in  the  quantities  present  or  in  which  they  can 
grow  even  in  broth,  of  setting  up  any  morbid  changes. 
With  regard  to  typhoid  fever  Lawes  and  Andrews  some 
years  ago  showed  that  some  liquefying  organisms  have  a 
germicidal  effect  upon  typhoiid  bacilii,  so  that  their 
sojourn  ia  a  septic  tank  or  their  arrest  in  an  anaerobic 
upward  filter,  with  such  organisms  diminishes  instead  of 
increases  their  chances  of  survivsL  Dr.  Pickard,  of 
£xeter,  has  proved  thds  fact  again  experimentsUy  by 
introducing  am  emukion  of  the  typhoid  bacilli  into  a 
septic  tank,  when  he  found  that  instead  of  increasing 
they  rapidly  diminished  until  after  fourteen  days  lees 
than  1  per  cent,  of  the  number  introduced  were  siuviying. 
The  same  investigation  also  proved  that  filtration  was 
even  more  efficient  in  removmg  typhoid  bacilli,  as  he 
found  that  filtration  as  conducted  at  Exeter  removed 
about  90  per  cent,  of  typhoid  bacilli  from  sewage  inocu- 
lated with  this  organism,  and  that  subsequent  filtration 
of  tank  ^uent  containing  no  typhoid  through  the  same 
filter  yielded  filtrates  containing  only  about  1  per  cent, 
of  the  bacilli  introduced  in  the  first  filtration,  showing 
that  the  environment  was  unsuitable  for  their  develop- 
ment if  their  absence  from  the  first  filtrate  was  due  only 
to  a  straining  action.  Dr.  Houston  with  the  Ducat  filter 
has  shown  that  with  sewage  containing  1,200,000  B.  ooli 
per  C.O.  a  filtrate  is  obtained  whioh  contained  no  coloniea 
resembling  this  orsanism  in  this  quantity;  and  that 
sewage  contaimng  between  1,000  to  10,000  spores  of  B. 
enteritidis  sporogenes  per  c.c.  oonlained  after  fiMxatkm 
less  than  10  per  c.c,  whilst  the  ataobic  bacteria  causing 
liquefaction  of  gelatine  were  likewise  reduced  from  22  to 
less  than  1  i>er  unit.  In  my  own  work  I  have  proved 
that  tihe  vporee  of  B.  tfxteriiidis  spotogenea  survive,  as 
might  be  expected,  the  septic  tank  treatment,  but 
Houston  has  shown,  as  stated  above,  that  99  per  cent, 
can  be  removed  if  the  tank  be  foMowed  by  a  well  aerated 
filter.  Before  this  evidence  of  the  comparatively  innocu- 
ous character  of  the  filtrates  from  bacterial  systems  wa^ 
available  I  pointed  out  that  subsequent  chemicid  treatment 
could  be  used  for  steriMng  the  filtrate  if  necessary.  Such 
reagents  as  may  be  conveniently  employed  may  be  called 
"finishers,"  as  when  employed  the  resulting  purified 
sewage  is  satisfactory  boilL  from  the  chemical  and  bac- 
terial points  of  view.  Chlorine  is  one  of  such  reagents, 
and  the  late  Dr.  Kanthack  has  established  the  fact  that 
with  one  grain  to  four  gallons  of  the  tank  effluent  or  to 
five  gallons  of  filtrate,  with  a  period  of  contact  of  about 
five  minutes,  the  number  of  bacteria  can  be  reduced  from 
any  number  (even  millions)  that  may  be  present  to  10  to 
50  per  cubic  centimetre,  and  that  no  pathogenic  organisms 
were  found  in  any  of  the  numerous  samples  of  Maiden- 
head sewage  finished  in  this  way.  I  found  at  the  same 
inquiry  that  on  adding  1*77  parts  of  available  chlorine 
per  100,000,  although  about  half  the  amount  immediately 
combines  wil^  any  organic  matter  present,  if  the  aerating 
filter  has  not  worked  efficiently  tne  mifiro-oxganisms  by 
contact  with  the  remainder  are  gradually  killed,  ao  that 
plate  ctdtivations  of  such  sewage  taken  after  fourteen 
minutes  showed  no  growth  with  3^  days  incubation. 

4149.  Have  yon  specially  inveatagated  the  ohemioal 
changes  in  the  purification  of  sewage  in  reference  to  the 
lormation  of  nitrites  and  nitrates  ?— The  changes  in 
the  natural  purification  of  sewage  lead  more  to  the  pro- 
duction of  nitrites   than    of   nitratea       In    published 


analjrses  the  former  have  not  been  sufficiently  recognised. 
But  nitrous  acid  and  nitrites  are  well-known  carriers  of 
oxygen ;  they  readifly  absorb  oxygen  from  the  atmo- 
sphere, or  dissolved  oxygen  from  a  river  water,  and 
yield  it  again  to  the  organic  impurities,  oxidising  them 
to  carbonic  acid  and  water.  From  this  us^ul  iustobility, 
they  count  in  many  analyses  in  tiie  "  oxygen  consumed,^' 
and,  therefore,  lead  to  a  higher  estimate  of  the  organic 
ms^r.  As  an  example  of  the  production  oi  nitrites,  three 
Exeter  filtrates,  which  on  June  18th  contained  only 
'*  heavy  traces,"  were  aoa^yaed  on  June  30th,  twelve  dajs 
later. 

Pabts  pkr  100,000. 


Number. 

Original  N 

Mlfitnte. 

After  18 
days. 

Nitrite. 

After  IS 
dayi. 

VI. 
Vll. 
VIII. 

101 

O'iSOO 

0-096 

1162 
0-024 
0-768 

Very  heavy  trace 
Heavy  tnuse 
Heavy  trace 

0-4$ 

0-606 

0-fi6 

A  later  sample  will  further  iUoatnite  this  instability :  — 


Kitrugeu  aa  Nltritet. 


Nov.  10tM897 
Nov.  18th     „ 
Deo.  2nd      « 


-080 

•74 
Trace. 


In  an  effluent  from  the  septic  tank  at  Exeter,  on  Kovem- 
ber  10th,  the  nitrate  was  0*030,  the  nitrite  none  ;  on 
December  2nd,  the  nitrate  was  0*060,  the  nitrite  ex- 
cessive, so  that  the  production  of  nitrite  can  proceed,  in 
some  cases,  independently  of  the  reduction  of  nitrate. 

4150.  Does  this  oxidation  of  carbon  by  the  agency  of 
nitrates  and  nitrites  agree  with  the  opinions  of  other 
observecB? — So  long  ago  as  1886,  Gayon  and  Dupetit 
(Station  Agronomique  de  Bordeaux,  1886^  investigated 
the  change  of  nitrates  to  nitrites  with  evolution  of  nitrogen 
oxides  and  nitrogen  gas  by  the  agency  of  bacteria.  The 
disengagement  of  these  gases  is  an  important  and  till  now 
unrecognised  element  in  the  purification,  as  tiiey  are 
without  odour  and  innocuous.  Two  orgaaiHns  were 
isolated  from  sewage,  which  in  the  presence  of  orgaaie 
matter,  decomposed  nitrates  with  production  of  nitngen 
and  nitrous  oxide,  lliey  state  that  in  a  nitrated  medium 
they  were  anafirobio,  talcing  oxygen  from  the  nitrate,  and 
that  in  certain  solutions  as  much  as  b  grammes  per  litre 
of  nitrate  could  be  decomposed.  By  exact  analysis  of  the 
evolved  gases,  and  of  the  fermented  liquids,  the  authors 
show  that  the  whole  of  the  nitrogen  of  the  nitrate  is 
evolved  as  gas,  and  that  the  whole  of  the  oxygen  of  the 
nitric  acid  is  combined  with  the  carbon  of  the  oxganie 
matter  to  form  OO^,  a  portion  of  whioh  may  be  evolved 
as  gas,  while  the  remainder  combines  with  the  base  to 
form  an  aoid  carbonate.  Organic  matter  ia  esaential  to 
the  reaction.  "  1  srm.  KKO,  requires  0-148  0  or  0473 
grm.  of  albuminoia  matter  for  ito  complete  daoomposi- 
tion."  The  N  +  N^O +00^  aoooimt  for  aU  the  nitron, 
carbon,  and  available  oxygen  of  l&e  nitnte.  The  deni- 
trifying bacteria  will  not  develop  in  liquids  deprived  of 
nitrate  and  out  of  contact  with  air,  nor  will  they  attack 
organic  matter  under  these  oircnmstancea.  The  authors 
further  proved  denitrification  to  be  a  f ermentatioii  which 
consists  in  the  direct  burning  up  of  organic  carbon  at 
the  expense  of  the  oxygen  of  a  nitrate.* 

4151.  Yon  hare  inveatigated  tha  nmnerioal  zalations 
between  the  various  quantities  9 — ^Yes,  in  December,  1807, 
before  the  SoeielT'  of  Arts,  I  poblioftied  i^  foUowing 

table:— 


*  Reoentlj  oonflrmed  by  Ampola  and  Ulpiani,  Oaz.  Chim.  Ital. 
28  (1)  410 :  J.S.C.I.,  Deo.  1898, 1160. 
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1 

1 

Deseription 

• 

•a 
s 

0  in  nitrate 
N,  :  0,. 

• 

1 

a 

a 

SZ5 

05Z5 

11 

ill 

•8 

SB 

If 

MO 

iitii 

II  III 

3 

*4 

1 

Bxeter  septic  tank  filtrates  average, 
KoT.  1896. 

*496 

1-42 

heavy 

- 

1*88 

0-91 

2:  1 

I^IO 

0 

060 

18 

t 

Ditto,  June  1897      .... 

•848 

2-44 

•565 

•970 

882 

0*966 

4:  1 

1-21 

0 

0*412 

88 

z 

Weybridge  raw  sewage,  June    12th, 
1806. 

0 

0 

0 

0 

0 

4*00 

0:  1 

5 

s 

1*06 

0 

4 

TeOTU  r«w  sewage,  June  Iftth,  1896     • 

0 

0 

0 

0 

0 

6-87 

0:  1 

7 

7 

1*185 

0 

5 

Wembley  sewage  farm  effluent,  June 
2aidl896. 

•76 

2-14 

heavy 

- 

2-14 

1-79 

1-2:  1 

2-1 

0 

0-90 

48*7 

« 

Aylesbury  lewsge  eiHuent,  June  22nd, 
1894. 

•08 

0*28 

trace 

- 

0*28 

7-28 

•082:  1 

8-4 

8 

1*8 

1*8 

7 

Croydon  sewage  farm  effluent,  April 
26th,  1895. 

-88 

2*51 

heavy 

- 

2*61 

1^29 

194 :  1 

1-5 

0 

0*07 

68 

8 

Precipitation  and  coke  brease  filter, 
Dibdin.  1894. 

•202 

•677 

- 

- 

•677 

1^04 

•65:  1 

1-84 

•65 

- 

- 

9  1          Ditto,  1885 

I^IO 

814 

- 

- 

8*14 

186 

2-6:  1 

1-47 

0 

- 

- 

10 

Pearmain  A  Moore's  average :  Bxeter 
filtrate  effluent,  May  and  June,  1897. 

1-8 

8-71 

none? 

- 

8-71 

0-47 

8:1 

•66 

0 

0*16 

M 

11 

Dlbdln'a  average  Exeter  filtrates,  April 
and  June,  1897. 

•604 

1*44 

•861 

•488 

1-87 

0'66 

8*4:  1 

•686 

0 

0*11 

17 

IS 

Exeter  raw  aewage        .       .       .       . 

0 

0 

0 

0 

0 

666 

0:  1 

8 

8 

1*40 

0 

18 

Exeter  aeptic  tank  effluent  • 

•041 

•117 

trace 

- 

•117 

4-32 

•027:  1 

6 

4-9 

0*64 

1-0 

14 

Sutton  crude  sewage     .       .       .       . 

0 

0 

•021 

•087 

•087 

6-5 

006:  1 

7-5 

7-4 

1*18 

02 

15 

Sutton  effluent 

•687 

1^68 

•28 

•28 

2^17 

289 

•9:  1 

2-8 

0-2 

0-47 

19 

16 

Sutton  filtrate 

1-58 

4^87 

0067 

•115 

4486 

0^92 

5:  1 

11 

0 

0^24 

54 

17 

Kiver  Brent,  Perivale  Rectory,  June 
1896. 

0 

0 

fhlnt 
trace. 

— 

0 

2*82 

0:1 

8 

8 

0*66 

0 

Dr. 

S.itSIUal. 

15  Feb.  1899. 


Therefore,  after  partial  nitrificatLon  in  a  filter,  this  action 
of  another  dase  of  bacteria,  whidh  absolutelj  require  a 
certain  amount  of  -organic  carbon  as  food,  conrerta  the  . 
latter  into  carbonic  acid  and  harmless  cages  such  as  N 
and  N^O,  the  oxygen  required  being  taken  from  the  air 
or  from  that  dissolved  in  the  water.  The  change  is  illus-  • 
trated  in  the  above  table  of  typical  sewages  and  effluents, 
in  which  the  "  available  oxygen  "  is  that  present  as  nitrate 
or  nitrite,  and  the  amount  of  carbonaceous  matter  requiring 
destruction  is  measured  by  the  ordinary  figure  of ''  oxygen 
consumed"  as  determined  by  permanganate^  since  after 
four  hours  beating  with  permanganate  no  dangerous 
matter  can  be  left.  The  tsble  also  shows  that  the  avafl- 
able  ofxygen  as  nitrates  and  nitrites  is  in  certain  effluents 
quite  sufficient  in  most  cases  to  deal  with  the  organic 
matter,  even  without  help  of  the  oxygen  dissolved  in  river 
water.  A  large  number  of  the  publidied  analyses  of 
effluents  are  vitiated  by  the  fkct  that  tlie  samples  have 
not  been  analysed  until  some  dajrs  after  collection,  fre- 
quently at  the  end  of  a  long  transit  by  rail  or  other  oon- 
veyance,  during  which  the  agitation  and  inevitable  contact 
with  air  wiU  have  considerably  altered  the  compositicm 
in   a   favourable   sense.      It   is,    therefore,    desiraible. 


wherever  possible,  to  aoatyse  an  effluent  within  a  very 
brief  time  from  its  collection,  and  the  more  important 
determination  should  be  made  on  the  spot  within  a  few 
minutes  of  Hie  discharge.  Although  this  is  undoubtedly 
the  only  fair  procedure,  such  analyses  are  not  of  course 
comparable  with  those  carried  out  under  the  usual  conr 
ditions  which  give  an  apparently  higher  quality  to  the 
effluent,  but  they  demonstrate  the  existence  of  the  rapid 
and  benefidal  improvement  in  some  effluents  which  I 
consider,  with  Adeney,  one  of  the  main  criteria  of  safety. 

4152.  Have  you  found  that  the  purification  does  not 
always  take  the  same  course  ?— Yes  ;  the  results  are  the 
effect  of  the  simultaneous  action  of  different  oiganisms, 
which  action  varies  according  to  their  numbers,  activity, 
or  the  character  of  the  original  sewage,  besides  the  con- 
ditions of  light,  air,  and  temperature. 

4153.  Have  you  found  a  reduction  in  the  organic  carbon, 
without  a  correspondinc  decrease  in  the  amount  of  the 
total  nitrogen,  though  tiie  character  of  the  nitrogen  may 
be  changed  9--Yes  ;  this  is  shown  by  my  anatyses  of 
Oaterham  effluents  at  short  interrali :— * 


Caterham. 

No.  1. 

No.^. 

No.  3. 

No.  4. 

No.  6. 

Average. 

Jan.  26. 

Feb.  1. 

Jan.  27. 

Feb.  1. 

Jan.  28. 

Feb.  1. 

Jan.  30. 

Feb.  1. 

Jan.  31. 

Feb.  1. 

First  day. 

Ammoniaca]  N 

Oiganic  N  - 

Nitrous  N  - 

Nitric  N     -        -        -        . 

1215 
•818 
-148 
7-68 

11*9 
•412 
*074 

9-0 

12-56 
•823 
1-924 
4-14 

121 
1-03 
1-702 
4-36 

1235 
•618 
1-184 
5-60 

11-54 

•41 

1-40 

6-46 

21-4 
1-23 
0-407 

10-3 

20-6 
1-44 
0*407 

10-64 

23-8 
0*82 
0*592 
6-46 

■ 

0-G6U 
5-52 

18*45 
822 

•84C 
G-84 

Total  Nitrogen    -    - 
Oxidized  Nitrogen     - 
Percentage  of  Nitrification 

20-596 
7-828 
38 

21386 
9-74 
45-5 

19-447 
6*064 
31 

19192 
6-062 
32 

19-752 
6-784 
34*5 

19-81 
7*86 
396 

33-337 
10*707 
32- 

33-087 
11*047 
33-4 

31*672 
7-052 
22-3 

19*5 

25 
7*68 
30-7 

Oxygen  consumed 
Chlorine     .        -        -        - 

3-32 

18-5 

2*24 

6-27 
19*76 

4-43 

419 
21-5 

3-47 

4-85 
2215 

2-78 

4-52 
24*35 

— 

4-63 

Percentage  of  reduction  iii\ 
tiM  Oxygen  consumed    j 

•  ^"^ 

32*5 

— 

30 

— 

17 

43 

— 

1213. 
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The  samples  were  kept  in  bottles  partially  fuH.  The 
chief  change  seems  to  have  been  a  transfer  of  the  oxygen 
of  the  air  by  means  of  the  nitrous  to  the  carbonaceous 
matter.  The  nitrifying  and  nitrosifying  changes  appear 
to  have  gone  on  continuously,  the  nitric  being  reduced 
to  nitrous  by  the  carbonaceous  matter,  whidi  was  thereby 
oizidised,  and  the  nitrous  again  absorbing  oxygen  and 
reforming  nitric.  In  Noe.  1  and  3  the  nitrogenous  organic 
matter  has  taken  part ;  but  the  change  as  a  rule  is  not  a 
Qayoii  and  Dupetit  one,  as  no  loss  of  total  N  as  gas 
has  occurred.    It  is  simply  an  oxidation  of  carbon. 

4154.  With  a  weaker  sewage  may  the  nitrification  be 
exceedingly  rapid  ? — ^Yes,  as  the  following  results  obtained 
at  AshtMd  in  1898  with  Mr.  Scott  MoncriefTe  process 
will  show :  ^ 

PARTS    PER   100.U00. 


I. 

II. 

III. 

0               9 

0         9 

0            9 

Chlorine  • 

90             7-6 

6-8      6-4 

6-6        6-6 

Ammonia 

-      Ho             0-26 

4-26    0-766 

4-0        0-42 

Albuminoid  Ammonia 

1-6             0-60 

2-98    0-476 

1-472    0-107 

Nitric  Nitrogen       • 

0-12           90 

none   6*98 

none    4-84 

KitrooB  Nitrogen    • 

•     none  alight  trace 

none  0*06 

none    0-084 

Total  nnoxidlzed  N. 

12-86           0-QO 

6-60    1-12 

6-86      0-148 

OiganioN. 
Total  Nitrogen 

206           0S94 

8-10    0-60 

2-06      0-118 

12-47           980 

6-60    716 

686      4-622 

Oxygen  consumed  • 

9-84           0-689 

9-06    0-608 

7-62      0*682 

PSRCXNTAGE  PURinOATION. 

1 

I. 

fis-'s 

m. 

(1)  Oxygen  oonBUmed    - 

94 

91-6 

Average  9S« 

(2)  Oxidation  of  J^itrogei 

a      -         98-7 

Average  91-6. 

848 

96-7 

Here  again  the  total  amount  of  nitrogen  is  not  greatly 
reduced.  The  time  occupied  in  passing  through  the  nine 
trays  is  about  eight  minutes.  It  wM  be  noti^  that  the 
purification  is  very  constant  under  varying  conditions, 
and  that  a  very  dose  agreement  exists  between  the  amount 
of  purification,  measured  by  carbon  oxidation  and  by 
nitro  oxidation.  The  columns  marked  "0"  Aow  the 
composition  of  the  unoxidised  sewage,  after  the  hydro- 
lytic  changes  resulting  in  the  solution  of  the  suspoided 
organic  matter  have  been  effected.  The  columns  marked 
*'9"  show  the  final  filtrate,  as  it  issues  from  the  lower 
bacterial  tray.  It  will  be  further  noticed  that  while  the 
percentage  of  purification  is  very  high,  judged  from  any 
standard,  the  point  of  greatest  inttt*c»t  is  the  ratio  ci 
the  oxidised  to  the  unoxidised  constiituentB,  and  it  w£il 
be  generally  admitted  that  an  average  production  of  6*44 
parts  per  100,000  of  nitric  nitrogen  by  a  purely  natural 
process  throws  a  new  ligjit  on  the  capacities  of  the  system 
as  a  whole,  and  places  the  effluent  above  suspicion 
wherever  it  may  be  discharged.  The  nitrification  in  the 
effluent  from  the  last  tray  still  continues,  as  is  shown 
in  the  previous  table  (Q.  4,153). 

fRie  accompanying  curves  A<m  the  progress  of  the  ^^^ 
change  of  nitrogen  in  the  different  trays: —  (Biadcv 


Table  of  Comparative  Nitration.— Parte  per  100,000. 


Garfield : 

Garfield : 

Dibdin- 

Cameron : 

Scott-Moncriefi*. 

Manufacturing. 

Domestic. 

Sutton. 

Exeter. 

L 

II. 

III. 

Chlorine     •    • 

22*4 

10 

110 

10 

12-8 

10 

.7 

10 

7*5 

10 

6-4           10 

5*5 

10 

N  as  Nitrite    - 

•067 

•052 

trace 

trace 

trace 

trace 

•06 

■09 

•034 

•062 

N  as  Nitrate  • 

1-63 

1-20 

1-06 

1*51 

9*0 

12-0 

5*98 

9-35 

4*34 

7-9 

Oxidized  N     ' 

1-67 

075 

0*95 

0*86 

2«20 

1*25 

1-06 

■ 

1-51 

9-0 

12-0 

6-04 

9*44 

4-37 

7-96 

4155.  Will  you  kindly  give  us  your  views  as  to  the 
significance  of  the  production  of  nilsites  ? — ^I  have  already 
mentioned  tiiat  the  changes  in  the  natural  purification 
of  sewage  lead  more  to  the  production  of  nitrites  than  of 
nitrates.  For  the  group  of  transformations  working  to 
this  end,  I  use  the  term  "  nitrosification,"  implying  the 
production  of  nitrites  by  partial  oxidation,  as  dis- 
tinguished from  the  special  reduction  of  nitrates 
called  "  denitrification,"  which  was  proved  by  Gayon 
and  Dupetit  to  be  "a  fermentation  involving  direct 
burning  up  of  the  oiganio  carbon  at  the  ex- 
pense of  the  oxygen  of  a  nitnte."  Nitnosificatiao.  if 
not  nearly  so  deUcate  a  process  or  so  difficult  to  initiate 
or  control  as  nitrification,  which  it  seems  to  invariably 
precede.  It  occurs  best  in  the  presence  of  diffused  lig^t 
and  of  a  moderate  amount  of  air,  and  is  quite  consistent 
with  the  growtii  of  large  numbers  of  green  or  brown 
algss  which  are  at  tho  same  time  engaged  in  reducing 
any  nitrates  present  The  following  experiments  e^ow 
some  of  the  conditions  of  the  changes :  — 

Experiment  1. — ^Nine  volumes  of  a  tank  effluent  free 
from  nitrate  or  nitrite  were  mixed  with  1  volume  of  a 
coke  breeze  filtrate  containing  4*34  parts  per  100,000  of 
nitric  nitrogen  (no  nitrite),  sMled  in  a  flask  without  air, 
and  kept  for  five  days  in  a  dark  chamber  at  150^  0.  By 
this  time  the  whole  of  the  nitric  nitrogen,  amounting  to 
0*434  parts  in  the  mixture,  had  disappeared,  without 
formation  of  either  nitrite  or  free  nitrogen.  The  same 
liquid  afterwards  in  a  vessel  partially  full  and  exposed 
to  light  yielded  nitrites  in  abundance. 

Experiment  2.— A  strongly  urinous  effluent  to  which 
potassium  nitrate  had  been  added  in  the  proportion  of 
10  parts  per  100,000  was  seeded  with  the  organisms 
(ooQected  by  a  Pasteur  filter)  from  a  coke-breeze  filter, 
and  kept  in  the  dark  at  room  temperature  in  bottles 
nearly  full.    After  fourteen  days  the  liquid  was  turbid 


and  had  a  sweetish  urinous  odour :  a  partial  vaonnm  had 
been  produced,  as  air  entered  freely  on  easing  the  stopper. 
The  composition  before  and  after  was  in  parts  per 
100,000:  — 


— 

• 

1 

■ 

n 

B 

n 

1 

• 

i 

Phyaical 
Chanu}t«rt. 

• 

At  oommencement 
After  l^dajB 

10 
7*06 

1-77 

8-0 
7-6 

2-88 
S-88 

117 

YeUow,  tnrbld. 
Ab  above,  odourless. 

In  one  day  the  formation  of  nitnte  from  nitrate  in  the 
dark  was  found  to  be  equal  to  0*21  parts  of  nitrons  N. 
per  100,000. 

Experiment  3l — ^A  urinous  effluept  similar  to  the  above 
preserved  in  a  closed  bottie  containing  air  in  diffused 
daylight.    Analyses:  — 


H 

• 

5 

■ 

o 

s 

• 

1 

• 

1 

• 

• 

1 

Physical 
Chatactera. 

OriglDAl  • 

After    67 
days. 

28.6 
28-5 

None. 
Trace. 

Trace. 
1-87 

36-0 
84*6 

617 
8*80 

1-0 

Yellow-brown,  turbid, 
odour     very     foul, 
urinoua. 

Much  leMOQloar,deep 
browQ    flaky    tedi- 
ment,  alight  musty 
odour. 

At  first  a  white  bacterial  scum  had  formed,  but  had  sunk 
with  the  sediment.    No  algas  were  visible. 
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Experiment  4.— 13ie  result  of  the  Ust  experiment  wm 
diluted  with  four  times  its  volume  of  tap-water,  containing 
7  cc.  of  free  oxygen  per  litre  and  0*2  parts  per  100,000 
of  nitric  nitrogen,  and  preserved  in  the  light  in  a  half- 
full  bottle.  In  five  days  it  was  clear,  inodorous,  and  nearly 
colourless,  and  had  only  a  very  aUght  deposit  in  which 
green  a]g»  had  made  their  appearance.  But  the  nitro- 
sifying  change  was  still  prominent;  the  nitrous  ^  had 
increased  to  5*375  parts,  calculated  on  the  original,  while 
the  nitric  N  in  the  mixture  was  *001,  so  that  nitrate  had 
actually  been  reduced.  After  this  the  nitrifying  organism 
seems  to  have  become  predominant,  as  in  fourteen  days 
the  liquid  contained  3*06  parts  per  100,000  of  nitrogen 
as  nitrate,  and  only  tnoes  6f  mtrite  and  of  free  ammonia, 
the  green  alga  (apparently  protococcua  viridis)  beinff 
luxuriant,  aiMl  the  water  dear,  nearly  colourless,  and 
almost  devoid  of  dissolved  organic  matter. 

These  experiments  explain  the  causes  of  failure  noticed 
when  aittempts  have  been  made  to  deal  with  raw  sewsffe 
by  bactorial  action  without  due  provision  for  allowing  tne 
changes  to  take  place  in  natural  sequence. 

4156.  Have  you  found  a  loss  of  free  ammonia  without  a 
conpesponding  production  of  nitrates  ? — ^Yes.  With  a  liqnid 
ccmtaining  10  parts  per  100,000  of  natrogen  as  ammonia  and 
10  parts  of  dilorine,  which  was  seeded  with  garden  soil  in 
an  aotively  nitrifying  condition  (containing  0*1  x>er  cent,  of 
nitric  niirogen),  and  passed  through  coarse  filters  o!  gravel 
and  coke  breeze,  I  obtained  the  following  results.  The 
nitrite  at  the  time  was  oniy  approximately  determined : — 
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Material. 

Date. 

Ammoniacal 
N. 

• 

1 

Nitrous  N. 

+ Nitric  N. 

Loss  of  N 
(excluding 
Nitrite). 

Gravel 

Oct.  22   - 

5*08 

1-28 

Distinct      • 

6*80 

8-64 

»   27   . 

6*18 

0102 

Very  heavy- 

6-28 

8-72 

Nov.  11  . 

817 

0062 

8-22 

6-78 

Coke 

Oct.  22  - 

8-28 

1-66 

Trace  - 

9-89 

o-ii 

„    27  . 

7-40 

0-88 

High   -       . 

7-78 

2*22 

Nov.  11  • 

410 

0-04 

Excessive    • 

4-14 

'     58G 

1 

Showing  that  (1)  in  each  case  there  was  a  heavy  loss 
of  nitrogen  as  gas,  even  aQowing  for  the  increase  in 
nitrite,  which  does  not  amount  to  0*1  or  0-2  per  100,000. 

i2)  This  loss  is  accompanied  by  reduction  of  nitrate^  t.a, 
lenitrifioation,  accompanied  by  the  production  of  mtrite. 
(3)  Other  experiments  show  that  the  nitrite  acts  as  a 
carrier  of  oxygen  from  the  air  to  the  carbonaceous  matters. 

4157.  Have  you  conducted  any  experiments  on  the  in- 
fluence of  alg»  in  the  purification? — ^Yes.  On  February 
9th,  1896,  an  effluent  contained:  — 
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On  March  3rd  (22days)  the  nitric  nitrogen  was  7*66 
(which  is  more  than  the  total  N  of  the  previous,  therefore 
N  must  have  been  taken  up  from  the  air).  rThe  sample 
was  kept  in  a  bottle  half  full,  exposed  to  diffused  light ; 
the  air  was  renewed  occasionailly.  The  sediment  was 
originally  very  slight ;  after  a  time  it  increased,  and 
be^me  brown ;  then  a  strong  green  sediment  formed] 
On  March  10th  (29  days)  it  was  again  examined :  Nitric 
nitrogen,  3*21 ;  nitrous  N,  trace  ;  ammonia,  trace.  The 
air  in  the  bottle  contained  the  ordinary  amount  of  oxygen. 
The  water  was  bright,  but  had  a  faint  earthy  odour  and 
a  slight  greenish  tint.  The  greenish-brown  sediment 
showed  under  the  microscope  ''brownish  floconli  with 
mineral  matter,  a  few  rotifers,  spicules  of  a  ftesh-water 
sponge,  streptococci  and  micrococci  not  numerous,  a  few 
infusoria,  green  algte  abundant  The  total  nnoridised 
K  was  0'04  parts,  whereas  the  oxygen  consumed  was 
0-832,  or  about  the  same  as  the  original.  €Hiows  that  the 
sign  have  used  up  nearly  all  the  unoxidised  nitrogen, 
and  the  greater  part  of  the  oxidised,  but  have  not  touched 
the  carbonaceous  matter. 

1213. 


An  effluent  containing  1*59  parts  of  nitric  nitrogen  was  ,.  vT^lfloa 
placed  in  a  sterile  Petd^dish  on  March  16th,  1898,  and  1^^;!^^* 
seeded  with  a  small  quantity  of  the  sediment  from  another 
effluent  in  an  active  state  of  nitrification.  At  the  same 
time  a  blank  was  mounted  of  the  same  water.  Botii  wwe 
kept  in  the  light  at  60O  F.  On  March  22nd  (6  days)  tiia 
blank  was  clear,  the  other  showed  some  turbidity,  owing 
to  bacterial  growth.  Made  up  to  the  original  volume 
with  sterile  water,  and  examined  for  nitrates,  tile  two 
showed  in  nitric  nitrogen:  — 

Blank,  1-51  parts,  or  practically  unchanged. 

Seeded,  2-34  parts,  or  an  increase  of  more  than  one  half. 

The  seeded  sample  contained  a  trace  of  nitrite  and  a 
small  quantity  of  free  ammonia.  Under  the  microscope 
it  contained  algae  and  a  large  number  of  infusoria  in  active 
motion.  Showing  that  nitrification  can  continue  in  the 
presence  of  algte  when  the  nitrifying  organisms  are 
present,  with  a  corresponding  destruction  of  the  free 
ammonia. 

4158.  Have  you  made  experiments  as  to  the  effect  of 
light  and  air  on  these  changes  ? — ^Yes.  I  made  an  experi- 
ment by  mixing  the  septic  effluent  with  some  ol  the  liquid 
from  the  seventh  of  Soott-Moncrieff'B  nitrifying  txays. 
When  mixed  in  the  proportion  of  2  per  cent,  of  tiie  latter, 
it  induced  nitrification  in  the  dark  at  ordinary  temperatures 
when  exposed  to  air.     [0^  >-  original.    9^  -  last  tray.] 

0^  was  of  a  greyish  oolour  and  somewhat  turbid. 
9^  was  nearly  clear,  no  odour,  and  very  little  colour. 

An  incuftwtion  experiment  with  the  last  tray  exposed  to 
the  hght,  showed  the  dissolved  oxygen  to  be :  — 

Pts.  per 
100,000 
by  weight. 
Feb.  26th,  2*38  cubic  centimetres  of  O  per  litre  »     a34 

Feb.  28th,  178      „  „  „  „        =     0*25 

the  second,  having  been  exposed  during  the  time  in  a 
closed  full  bottle  to  the  light  Kept  longer  in  a  bottle 
half-full  of  air  the  nitrate  was :  Oa  March  9th,  5-80 ; 
on  March  23rd,  6-17  parts  per  lOG  000,  while  the  nitrite 
on  t^3  latter  date  was  \ery  heavy.  Showing  that  the 
presence  of  a  full  supply  of  air  is  neoessazy. 

IinrLUBNCz  OF  Darkness  and  Light. 

540  co.'s  of  0^  and  60  cc's  of  9^  were  mixed  and  kept 
freriy  exposed  to  air,  half  in  the  dark,  and  half  in  diffused 
li^^t.  The  nitrite  and  total  unoxidised  N  were  deter- 
mined at  various  times  (the  volume  being  made  up  io 
original  bulk). 


Original. 

Iday. 

S  days. 

6  days. 

Light 

Dark. 

Light. 

Dark. 

Light. 

Dark. 

Unoxidised 
nitrogen  - 

Nitrottt  N 

686 

trace 

8-88 

3-70 

1-54 

2-47 

1*08 
•800 

1*64 
•ISO 

Showing  that  the  presence  of  diffused  light  is  advan- 
tageous to  the  nitroue  change. 

4159.  How  is  it  possible  to  form  an  estimate  of  the 
loss  of  nitrogen  as  gas  ?-^Besides  the  formation  of  free 
ammonia  in  the  transition  or  preparatory  stage,  and  the 
ccmversion  into  nitrite  and  nitrate  at  a  later  period,  there 
is  a  considerable  dispersion  of  organic  nitrogen  in  the 
form  of  innocuoua  gases.  I  believe  I  am  the  first  to  pro- 
pose an  expression  for  the  measurement  of  this  important 
phase  of  the  purification,  obtaining  the  data  from  tha 

Ratio  ot  ths  OHLOBiiffa  to  thi  Total  Nitboobk. 

In  periectly  fresh  excreta,  taking  the  aolida  and  liquids 
together,  the  total  nitrogen  somewhat  exceeds  the  dUorine. 
This  proportion  will  remain  unchanged  when  diluted  willi 
water  containing  only  the  ordinary  small  amount  of 
chlorine,  as  long  as  the  nitrogen  remains  in  fixed  forms. 
Therefore  the  ratio  is  applicable  to  fresh  sewages  gene- 
rally, independent  of  dUution,  but  will  be  immediately 
altOTed  by  the  production  of  gas.    Lei  €1  and  N  be  the 
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ROTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Pr.       parts  of  chlorine  and  nitrogen  reepeotiyeljr,  the  "  residual 
aMmI    ^^i^,»  ^iu  bel- 


li Feb.  laoe. 


R  = 


N  X  100 
CI 


or  in  cases  of  great  dilution,  with  a  hig^  chlorine  W,  in 

the  water  supiuy :  — 

J.      N  X  100 

The  simpler  formula  is  usuaUy  sufficient.  In  the  original 
exoreta  the  number  B  will  De  somewhat  over  100,  in 
fairly  fresh  sewage  it  will  be  about  100  ;  in  bacterial 
effluents,  on  the  other  hand,  the  fall  of  B  will  indicate 
the  gaseous  dispeceal  of  nitrogod.  With  chemical  or 
mechanical  treatment  B  wiU  fall,  owing  to  the  abstraction 
of  matfcer  as  sludge.  Where  hmirj  nitrification  has  been 
the  main  feature,  there  may  be  litUe  or  no  fall,  this 
afterwards  occurring  rapidly  in  the  process  of  denitrifica- 
tion,  when  the  effluent  is  admixed  with  other  water. 

The  following  table  bears  on  this  point:  — 

Table  of  the  relation  of  Nitrogen  to  Chlorine, 
and  of  Oxidation. 


{Chlorine. 


Total 
Nitrogen. 


( 


B. 
NxlOOX 
CI     / 


Feroentage 

of 
Oxidation. 


Raw  Sewages  i— 

Bxeter  .  •  .  . 
Sutton  -  >  •  • 
London  .... 

SfflaentB  and  Filtrates  :— 

London  Outfall  (re- 
moval  of  the  N  by 
precipitation)    • 

Exeter  Septic  Tank 

Exeter  Coke  Breeze 
Filtrate 

Sutton  Bacterial  Tank  * 

Sutton  Coke  Breese 
Filtrate 

ABhtead  Tank  EfBnent  1 

Ashtead  FUtrate  - 

Ashtead  Tank  Effluent  2 

Aslitead  Filtrate  • 


7-6 

S-87 

86 

8-99 

8-81 

98 

10-4 

7-0« 

68 

10-6 

4-26 

41 

7'6 

6*90 

80 

7-6 

3-42 

46 

6M 

2"97 

43 

6-84 

200 

30 

6-8 

6-00 

106 

6-4 

7-16 

112 

6-6 

6-35 

97 

6-6 

4-52 

82 

Trace. 

0-2 
Trace. 


Trace. 
•t 

31 

19 

56 

0 
84-8 

0 
S6-7 


4160.  What  is  jour  opinion  as  to  the  standards  of 
purity  that  have  been  proposed  for  sewage  effluents? — 
As  nitrogen  is  significant  of  the  more  dangerous  forms 
of  pollution,  a  calculation  of  the  ratio  between  the  different 
forms  of  nitrogen  furnishes  more  useful  information  than 
a  mere  consideration  of  its  amount,  inasmuch  as  nitrogen 
oompounds  when  oxidised  are  harmless,  but  when 
unoxidised  are  liable  to  occasion  smells,  and  to  be  in 
other  respects  deleterious.  A  certain  quantity  of  nitrogen 
is  lost  as  gas  during  the  changes,  but  the  resiaue  will  give 
a  minimum  measurement  of  the  original  sewage  strength. 
The  proportion  between  the  oxi^sed  and  nnoxidlsed 
nitrogen  will  then  denote  the  extent  to  which  the  sample 
has  been  purified.  A  judgment  can  therefore  be  formed 
from  the  sample  without  an  analysis  of  the  original 
sewage,  as  the  chlorine  contents  also  give  a  due  to  the 
strength,  and  thus  such  a  method  would  have  an  advan- 
tage over  the  ordinary  system  of  calculating  sewage  puri- 
fi(»tion,  SB  it  obviates  the  difficulty  of  obtaining  con- 
formable samples.  Even  where,  as  I  have  elsewhere 
insisted  should  be  done,  a  correction  is  made  to  a  standard 
chlorine  value  in  comparing  the  sewage  entering  and  the 
effluent  leaving  a  certain  works,  the  system  I  suggest  will 
still  have  great  advantages.  As  ammonia  must  be  recog- 
nised as  a  preparatory  or  transition,  and  not  a  finish^ 
product,  it  must  be  considered  as  put  of  the  residual 
unoxidised  sewage,  and  only  indicates  progress  towards 
eomplete  purifici3ion,  and  gives  a  criterion  as  to  whether 
a  process  is  working  satisfactorily.  A  large  number  of 
the  figures  in  sewage  disposal  methods  have  been  owing 
to  the  effort  to  obtain  b^  chemical  treatment  or  filtration 
a  liquid  from  sewage  which  should  bear  some  resemblance 
to  drinking  water;  such  an  end  is  impossible  without 
impracticable  expenditure,  time,  and  space,  attended  by 
disastrous  breakdowns  at  intervals.  Fortunately  methods 
have  been  found  which  by  natural  agencies  allow  us  to 
carry  the  purification  to  a  rational  and  harmless  stage, 


when  such  laotozB  as  time,  light,  volume  of  oxygen,  and 
varioas  life  of  a  river  wiil  be  more  than  sufficient  to  deal 
with  the  effluent.  A  few  examples  to  show  how  liie  per- 
centage of  oxidation  reveals  the  purification  effected  by 
different  agencies  may  be  quoted  here : — 
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6-66 
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A  filtrate  effluent  • 

0-78 

2-4 

0-92 

S-82 

116 

20-0 

Another  ditto 

0-86 

0-92 

0-44 

1-86 

1-09 

44-6 

London  river  water 

0-20 

0-0016 

0-049 

0-061 

0-806 

86-0 

Same  filtered  • 

0-176 

none 

0086 

0026 

0-264 

91-0 

Deep  well  in  chalk 

0-018 

• 

none 

0*008 

0-011 

0-460 

97-6 

Furthermore,  one  has  to  consider  not  only  the  chemical 
bat  also  the  pathogenic  qualities,  and  these  are  ignored 
by  all  existing  standards.  It  is  obvious  that  a  very  small 
amount  of  nitrogen  or  carbon,  if  in  the  form  of  ptomaines, 
would  be  sufficient  to  condemn  an  effluent.  I  have  noticed 
that  many  dilute  putrid  sewages  of  offensive  character 
have  shown  less  albuminoid  or  organic  nitrogen  than  the 
condemnatory  limits  of  existing  standards,  so  that  these 
arbitrary  rules  are  of  littie  or  no  value.  On  the  other 
hand,  when  a  sewage  has  been  subjected  to  nitrification, 
although  the  albuminoid  ammonia  may  be  higher  than 
the  old  standards,  the  presence  of  nitrate  seems  to  have 
a  beneficial  influence  upon  the  quality  of  such  sewage, 
and  under  tiiese  circumstances  a  greater  quantily  of 
albuminoid  or  organic  nitrogen  mav  be  tolerated.  The 
multitude  of  bad^eria  in  sewage  Is  eb  enormous,  and 
their  character  so  various,  that  a  mere  counting  of  their 
numbers  must  be  unmeaning  and  inaccurate.  iSie  ratios, 
however,  between  either  those  liquefying  and  not 
liquefying  gelatin,  or  between  the  afirobic  and  non-aerobic, 
or  between  those  growing  at  ordinary  temperatures  and 
at  blood  heat,  give  much  more  valuable  information. 
Whilst  therefore  any  absolute  number  as  a  standard  is 
undesirable,  only  a  low  number  of  onanisms  of  the 
Goli  group  shoidd  be  permissible  in  an  effluent^  with 
an  absence  of  dangerous  pathogenic  forms.  Absolute 
sterilify  in  an  effluent  is  at  present  out  of  the  question, 
nor  in  general  would  it  be  necessary  or  even  advisable, 
inasmuch  as  subsequent  oivani<*  improvement  would  be 
prevented,  but  the  destruction  of  pathogenic  forms  could 
be  completed  by  a  *^  finisher  **  like  chlorine  when  special 
danger  was  present.  Dr.  Dupr^  some  years  ago  intro- 
duced a  method  of  ascertaining  the  condition  of  healthi- 
ness or  otherwise  of  an  effluent  by  enclosing  it  in  a 
bottie  and  determining  the  free  oxygen  present  before 
and  after  keeping.  This  seems  a  natural  way  of  carry- 
ing out  the  "oxygen  consumed"  test.  He  observes 
(Analifst,  August,  1898) :  — "  Pure  water  remained  aerated 
when  bottled  up,  but  water  containing  sewage  de-aerated 
itself.  An  effluent  that  did  not  appreciably  de-aerate 
itself  might  be  admitted  anywhere  without  fear  of 
putrefaction."  Unfortunately,  although  tiie  actual  work 
of  this  test  can  be  carried  out  in  a  few  minutes,  the 
sample  had  to  be  allowed  to  stand  for  five  to  ten  days; 
On  similar— but  less  natural — Klines,  the  "Incubator 
Test,"  adopted  in  the  Manchester  report  on  systems  of 
sewage  purification,  maintains  an  effluent  by  iteelf  at  a 
warm  temperature  (five  days  at  80®  F.),  and  determines 
the  oxygen  absorbed  in  three  minutes  before  and  after- 
wards, at  the  same  time  noticing  any  change  of  odour. 
The  result  is,  however,  again  arbitrary,  as  an  effluent  is 
not  intended  to  be  stored  by  itself,  but  when  &Qifihed,  to  be 
discharged  at  once  into  water  which  is  movingand  aerated. 
The  results  seem  to  be  more  favourabde  to  effluents  which 
have  been  sterilised  by  a  chemical  or  precipitation  pro- 
cess, but  which  have  notoriously  in  many  cases  given  rise 
to  a  subsequent  nuisance,  than  to  those  containing  the 
materials,  bacterial  and  chemical,  for  rapid  self-purifica- 
tion in  a  river.  Mr.  Dibdin  has  recentiy  put  forward 
this  test,  which  he  describes  as  follows: — ''He  had  long 
since  adopted  in  his  own  mind  a  physiological  standaid, 
vi2.,  that  the  quali^  of  an  effluent  should  be  such  that 
fish  could  live  heailthily  in  it,  .  .  .  .  such  a  defini- 
tion involves  necessarily  the  absenoe  of  poisons  and  the 
presence  of  oxygen."  But  while  an  effluent  which  kills 
fish  is  obviously  unhealthy,  it  does  not  follow  that  one 
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wlierft.fi«h' wiM.live.i&4hereioM  ft' good  one.    It  ib  well 
koMmtiwifRiBh-wftter'inU^are  gross  feeders,  and  fish  in 
Utee  ttHEnlHJhe  are  ofibei^JMen  to  oon^reflate  at  the  moutiis 
oiiaewera  where  lieoal  matter  la  yisibly  floating,  being 
atkacted  by  the  fragments  of  food  and  insects  carried 
dara  by.the  sewage.    Fish,  in  fact,  are  more  affected  by 
ii^fdd7:{  water  and  bj  chemicals  from  factories  than  by 
excreta.    Amongst  the  standards  which  have  been  pro- 
posed in  the  past,  or  have  been  adopted  by  local  bodies, 
are  the  following,  some  of  which  have  been  repeatedly 
quoted  in  papers  on  the  subject,  while  others  are  gathered 
tentatively  from  published  documents,  or  from  a  con- 
sideration of  decisions  in  disputed  cases.     None  of  them, 
however,   have  strictly  the  force  of  law  ;  in  fact,  some 
have  actually  been  disclaimed  by  the  bodies  to  which 
they  were  attributed.       The  proportions  are  parts  per 
100,000: — ^Rivers  Pollution  Commissioners — Organic  car- 
bon, 2*0  ;  organic  nitrogen,  0-3.     Thames  Conservancy — 
Organic  carbon,  3'0  ;  organic  nitrogen,  I'l.    The  Thames 
Conservancy  state  that  they  require  a  higher  standard  for 
effluents  just  above  the  intakes  of  the  water  companies 
than  for  those  belc^wr.     Derbyshire  County  Council— Albu- 
minoid ammonia,  0-1 ;   oxygen  absorbed,  1-0.       Kibble 
Board— Albuminoid,  0-1 ;  oxygen  absorbed,  20.     Mersey 
and  Irwell — Albuminoid,   0-14  ;   oxygen  absorbed,   1;40. 
Provisos   as  to  amount    of    suspended    solids,    acidity, 
alkalinity,  metals,  etc.,  are  inserted  in  some,  and  have 
special  reference  to  manufacturing  effluents.     But  in  all 
these  arbitrary  limits,  no  account  is  taken  of  the  volume 
of  the  river  into  which  the   effluents  are  discharged, 
although  attention  was  long  ago  drawn  to  the  purifying 
action  of  river  water.     The  London  County  Council  have 
recognised  the  fact  that  an  oxidising  agent  added  to  the 
effluent  at  the  time  of  contact  with  the  river  prevents 
any  foulness.     Provided,  therefore,  a  river  ia  well  aerated, 
or  an  effluent  is  well  nitrated,  or  an  oxidising  agent  is 
supplied  in  sufficient  quantity  at  the  time  of  contact,  an 
effluent  may  contain  a  larger  quantity  of  organic  matter 
than  has  been  sanctioned  in  the  past,  and  variations  in 
such  quantities  are  permissible  under  conditions  varied  in 
the  above  way.    In  America,  from  the  work  of  the  Massa- 
chusetts State  Board  of  Health,  Kudolph  Hering  fixes  a 
limit  to  the  amount  of  free  ammonia  permissible  in  a 
stream,  smd  finds  that  if  the  flow  of  the  stream  is  less 
than  2^  cubic  feet  per  second  per  1,000  persons  (or  one 
gallon  per  minute  per  person)  *'an  offence    is    almost 
sure  to  arise  "  ;  but  when  the  flow  is  greater  than  7  cubic 
feet  per  second  per  1,000  persons,  then  safety  is  assured. 
"  In  other  words,  when  the  free  ammonia  is  greater  than 
0-12  part  per  100,000  the  conditions  are  probably  objeo- 
tionable."     I  find  that  these  limits  correspond  to  about 
jSO  volumea  of  river  water  to  average  sewage  in  thia 
eountry,  and  it  is  obvious  that  such  conditions  are  only 
posBn>le  under  very  special  circumstances,  and  the  limit 
is  much  gpreater  than  we  have  found  necessary  in  England. 
In  other  words.  I  agree  with  this  author  that  the  qv,ality 
of  the  stream,  and  not  of  the  effluent,  should  be  taken  as 
a  basis,  and  that  some  fixed  distance  below  the  outfall  in 
mid-stream  should  be  specified  as  the  locality  at  which 
samples  should  be  taken. 

4161.  Have  you  any  suggestion  to  make  as  to  a  practical 
standard  9— Some  time  ago,  in  conversation  with  Mr. 
Henry  Law,  we  arranged  the  following  formul»  for  tlie 
conditions  of  discharge  into  a  stream.  The  basis  I  prefer 
to  tdce  ia  the  same  as  that  preferably  adopted  for  waters, 
vis.,  100  litres  or  100,000  parts:  — 

Let  X  be  the  flow  of  the  stream  in  100  litres  per  minute. 

O  «  gzammea  of  hee  oxygen  in  100  litres. 

S  -  number  of  hectolitres  of  effluent  discharged  per 
minute. 

M  ->  grammes  of  oxygen  required  to  consume  the 
organic  matter  in  100  litres  of  effluent,  as  determined  by 
the  permanganate  test  after  deducting  that  required  by 
nitrites. 

K  «  gDsmmee  of  avaHsible  oxygen  as  nitrate  and  nitrite 
per  100  litres. 

This  latter  factor  requires  explanation.  Warington, 
Munro,  Oayon,  and  Bupetit,  Adeney,  and  others,  have 
shown  that,  always  with  the  help  of  bacteria,  the  oxygen 
of  nitrates  and  nitrites  is  available  for  the  burning  up  of 
organic  matter.  In  my  own  experiments  I  have  found 
that  the  large  loss  of  organic  nitrogen  noticed  so  fre- 
quently in  analyses  of  sewage  in  progressive  stages  of 
change  was  not  accounted  for  by  tne  production  of 
niiroua  add,  of  ammonia,  or  of  nitrogen  gas.  Gayon 
and  others  have  observed  the  formation  of  nitrous  oxide, 
which,  from  its  solubility  and  vague  reactions,  would 
tirdin&rily  escape  observation.    Therefore,  to  be  on  the 
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safe  aide,   I  have  allowed  foi^  the  available  oxygen  2        Dr 
atoms  of  O  for  every  HNO3,  i.e.,  NaOs  to  NjO,  and    s.  ^ 
1  atom  for  HNO.,  or  N^Oj  to  N.O.      Tne  quantity  of  uFeb. 
free  oxygen  in  tne  stream  will  then  be  XO,  and  that     — 
required  by  the  effluent  will  be  S(M  —  N). ,    Putting  0 
ae  the  ratio  between  the  amount  of  oxygen  in  the  stream 
and  that  which  is  required  to  oxidise  the  organic  matter 
in  the  effluent — 

XO-0(M— N)S.. 
Where  there  are  no  nitrates  in  the  fluid — 

XO  -  (MB. 

If  N  be  less  than  M,  M  —  N  -  the  deficit  of  oxygen  in 
the  effluent,  requiring  to  be  supplemented  by  the  free 
oxygen  in  the  river,  such  an  effluent  will  throw  a  burden 
on  the  river,  and  cannot  be  considered  in  a  satisfactory 
state  ;  and  it  will  be  a  question  of  volume  and  other  cir- 
cumstances whether  it  can  be  permitted  to  be  discharged 
at  all.     Where  XO  is  greater  than  (M — N)S  there  will  be 
a  chance  of  the  stream  dealing  with  the  inflowing  liquid  ; 
where  the  reverse  is  the  case  the  addition  must  necessarily 
cause  foulness.     In  favourable  cases,  where  bacteria  and 
algce  are  active,  and  the  oxygen  of  the  river  is  able  by 
their  help  to  deal  rapidly  with  the  incoming  residues, 
the  minimum  ratio  between  the  volume  of  the  stream 
and  the  volume  of  effluent  that  could  be  allowed  to  be 
discharged  into  it  would  be  indicated  by  the  value  of  C 
in  the  above  equation,  which  would  also  approximately 
denote  how  far  the  population  might  increase  before  the 
proportion  would  be  seriously  disturbed.    The  minimum 
figure  will  be  reduced  by  the  nitrites  or  nitrates  of  the 
river  water  itself,  and  by  the  free  oxygen  which  may  be 
present  in  the  effluent.    Biver  water  may  have  90  per 
cent,  of  its  nitrogen  oxidised,  and,  when  saturated,  con- 
tains about  700  c.c,  or,  approximately,  1  grm.  of  free 
oiygen  per  100  litres.     We  may  assume  that  with*  the 
alinost  unlimited  exposure  and  admixture  in  a  flowing 
stream,  the  requisite  natural  organisms  are  certain  to  be 
present      Hence,  in  theory,  comparatively  few  volumes 
of  .  a    river    water    are    necessary    for    supplying    the 
oxygen    requisite    for    even    a    raw    sewage    after    its 
solids  have  been  removed  by  flltration  or  subsidence. 
From  this  cause  it  is  a  common  observation  that  the  dis- 
solved impurity  remaining  in  a  stream  is  a  mere  fraction 
of  that  in  the  volumes  of  sewage  that  have  entered  it  in 
its  upper  course.     But  from  the  factor  of  time,  and  the 
inadvieability  of  denuding  the  river  of  its  oxygen,  which 
might  be  only  gradually  renewed  from  the  air,    it  is 
necessary  with  the  raw  liquids  of  sewage  to  allow  a  con- 
siderably  larger   proportion    of   river   water   than    the 
minimum  above  calculated.     Dupr^  states  that  admix- 
ture with  about  30  volumes  of  fully  aerated  river  water 
prevents  sewage  from  becoming    foul,    and    ultimately 
purifles  it.    I  have  found  the  same  result  from  a  less 
quantity.    Where  the  organic  matter  is  well  fermented, 
and  the  liquid  advanced  in  nitrification,  as  in  properly- 
managed  septic  effluents,  the  case  is  far  more  favourable. 
Here,  in  the  aboT>e  equation,  K  is  greater  than  M,  and 
there  is  a  surplus  of  available  oxygen  in  the  effluent — 
that  is  to  say,  an  effluent  of  this  kind  not  only  does 
not  absolutely  require  any  dilution  with  river  water,  a9 
containing  within  itself  the  elements  of  its  own  purifica- 
tion, but  by  its  surplus  oxygen  is  capable  of  actually  im- 
proving the  river  into  which  it  enters.     This  apparently 
paradoxical  result  in  cases  of  polluted  stresms  is  paralleled 
by  the  effect  of  the  addition  of  artificial  oxidising  agents, 
such  aa  that  of  manganate  of  soda  to  the  Thames  at  Oro8»' 
ness.      In  healthy  effluents  the    quantity   of   availaible 
oxygen,   N,  in  the  above  equation,  is  far  higher  than 
could  be  supplied  by  any  process  of  mere  aeration.     As 
an  example  of  the  application  of  the*  formula  XO*C(M 
—  K)S,  we  may  cite  two  rivers,  the  Thames  and  the 
Exe:  — 

X.      O.     M.      N.      R.       C. 
Thames       -        -    1100    04    4  3    023    100    108 
Exe     -        -        -      47      VO    606  016   1084  67 

X  and  S  are  stated  in  million  gallons. 

The  formula  shows  that  the  Thames  with  C-1'06  has 
so  narrow  a  margin  of  effective  natural  oxidation  that  it 
has  often  had  to  be  supplemented,  especially  in  warm 
weather,  by  the  addition  of  chemicals.  In  the  Exe,  on 
the  other  hand,  wiith  0-6*7,  there  is  a  large  maigin  for 
natural  purification.  But  we  cannot,  as  a  rule,  throw  the 
burden  of  the  final  changes  on  the  stream  on  account  of 
the  time  taken  and  the  odours  and  deposit  that  generally 
ensue.  On  the  other  hand,  an  effluent  that  is  in  an  active 
state  of  wholesome  bacterial  change,  under  the  above 
conditions  of  free  and  potential  oxygen,  will  conform  to 
Adeney's  proposed  test: — "The  limit  of  impuriij^  to  ba 
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Dr.       allowed  in  a  water  should  be  such  that  when  a  given 

S.  Rideat.   yQ^Qme  of  it  is  mixed  with  a  given  volume  of  fuUy  aerated 

HVeb.iSM.  river  water,  and  the  mixture  kept  out  of  contact  with  air, 

a  decided  oxidation  of  the  ammonia  originally  present 

into  nitrous  or  nitric  acid  shall  be  indicated."  .... 
It  will  be  noticed  that  this  test  is  practically  that  sug- 
gested by  Dupr^  many  years  ago.  Such  an  effluent,  as 
experience  teaches,  if  clear  and  nearly  free  from  odour, 
may  be  safely  discharged  into  any  river  of  moderate 
volume. 

4162.  What  is  your  opinion  about  processes  of  analysis  ? 

PROCE88B8  OF  AnaLTSBS. 

Free  and  Albuminoid  Ammonia. 

In  every  case  ascertain  approximately  the  quantity  of 
ammonia  by  diluting  a  portion  of  the  original  and  testing 
with  Nessler,  so  as  to  find  the  amount  that  will  be  suitable 
to  be  taken  for  analysis. 

1. — The  Original  Wanklyn  Process. 

100  c.c,  or  less,  diluted  with  pure  water  to  500  cc, 
and  distilled  with  ignited  "Na^  CO,.  Successive  portions 
of  50  c.c.  Nesslerized  till  NH,  ceases  to  come  over.  This 
is  put  down  as  free  ammonia,  the  "  albuminoid "  being 
then  continued  with  permanganate  as  usual 

Objections. — (1)  Ammonia  does  not  cease  to  oome  over 
at  any  definite  point,  the  alkali  and  heat  gradually  decom- 
posing several  compounds  in  the  sewage.  Consequently 
the  "  free  ammonia  "  by  this  method  is  too  high,  and  the 
"albuminoid"  too  low. 

(2)  The   "albuminoid"  is  also   too  low,   because  the 
'•decomposition  is  never  complete,  hence,  as  is  well  known, 

it  only  represents  a  somewhat  uncertain  fraction  of  the 
nitrogenous  matters.  This  objection  applies  to  any  of  the 
modificationa  of  the  Wanklyn  process.  Several  chemists 
liave  found  that  if,  after  the  completion  of  the  ordinary 
process,  more  "  pure  water  "  be  added,  and  the  distillation 
continued,  a  further  quantity  of  ammonia  will  be  obtained. 

(3)  It  is  very  difficult  to  obtain  "  pure  water  "  for  dilu- 
tion which  will  not  give  some  ammonia  when  distilled  with 

alkaline  permanganate.  Hence,  it  is  customary  to  sub- 
tract an  amount  for  a  "blank"  experiment.  The  prir- 
ciple  is,  however,  a  bad  one,  and  may  introduce  great 
error,  as  the  "  blank  "  is  not  constant.  It  will  be  remem- 
bered that  a  similar  correction  is  applied  to  the  results  of 
Frankland's  combustion  process,  and  I  have  pointed  out 
that  in  many  cases  the  "  blank  "  may  actually  be  over  the 
amount  obtained.  This  objection  always  applies  to  the 
^ordinary  Wanklyn  process,  where  dilution  before  distilla- 
tion is  practised. 

The  majority  of  analysts  employ  the  original  Wanklyn 
with  preluninary  dilution,  hence  the  published  results 
almost  invariably  show  too  much  free,  and  too  little 
albuminoid,  ammonia. 

(4)  The  volatile  basea  produced  in  the  fermentations 
are,  in  the  ordinary  method  of  analysis,  put  down  as 
"  free  ammonia,"  which  includes  not  only  the  ammonia 
really  existing  in  the  free  state,  but  also  that  ooiabined 
with  the  organic  acids  as  salts,  as  well  as  such  compound 
ammonias  as  react  with  Nessler  test.  Many  years  ago 
Toung  pointed  out  that  in  the  usual  mode  of  distillation  a 
good  deal  of  volatile  nitrogenous  matter  escaped  which 
was  not  recorded  by  Neasler.  I  have  often  also  indicated 
that  the  conventional  procedure  in  the  Wanklyn  deter- 
mination gives  an  "albuminoid  ammonia"  far  short 
of  the  fixed  organic  nitrogenous  matter,  which  pro- 
bably accounts  for  such  low  figures  as  0*34  (with  13*8  of 
chlorine),  0-24  (wdth  10*3  of  chlorine),  etc.,  for  raw 
aewages  in  the  recent  Manchester  and  other  reports. 
The  Kjeldahl  process,  on  the  other  hand,  gives  nearly 
the  whole  of  the  ammoniacal  and  organic  nitrogen. 

Process  by  DiiFerenee.    Tcftal  minus  Free. 

Generally  adopted  in  America,  and  by  some  in  England. 
One  quantity  of  pure  water,  plus  a  little  Nas  OO3,  is  dis- 
tilled till  the  distillate  is  ammonia-free,  then  the  sewage 
is  added  through  a  tap-funnel,  and  the  distillation  con- 
tinued for  free  ammonia. 

Another  quantity  of  pure  water  is  distilled  with  alkaline 
permanganate  till  ammonia  free,  the  sewage  added,  and 
distilled  for  total  ammonia — the  difference  gives  albu- 
minoid. This  is  an  improvement,  as  it  avoids  objections 
3  and  4,  but  is  still  open  to  objection  1. 

A  modification  I  have  used  is  as  follows  :  — 

1.  10  c.f\  of  the  sewage  is  placed  with  5C0  c.c.  of  a 
good  tap  water,  50  c.c.  of  alkaline  permanganate,  and 


some  ignited  pumice,  in  a  round-bottomed  Jena  flask, 
slanting  upwards  and  connected  by  a  wide  tube  of  Uaek 
rubber  with  the  expanded,  curved-OTer  top  of  a  Tertioil 
worm  armnged  with  others  in  a  tank  of  running  water. 
250  or  300  c.c.  is  distilled  over,  and  a  fraction  Nesslerifled. 
500  c.c.  of  the -tap  water  is  separately  distalled,  carefully 
Nesslerized,  and  the  amount  of  ammonia  deducted,  giving 
the  total  amm4mia. 

2.  lac.  of  the  original  is  diluted  to  50  c.c.  or  more  witii 
ammonia-free  water,  and  directly  Nesslerized.  I  find  that 
with  this  dilution  the  titration  can  be  accomplished  with- 
out interference  from  turbidity,  but  the  precipitation  of  the 
lime  as  oxalate  can,  of  course,  be  adopted.  This  method 
is  the  only  one  that  gives  the  amount  of  ammonia  and 
its  salts  actually  existing  ready-formed  in  the  liquid.  It 
also  gives  the  maximum  amount  of  albuminoid,  which 
reaches  to  two-thirds  or  more  of  the  organic  N  as  found 
by  Kjeldahling. 

In  Nesslerizing  the  standard  practice  is  50  cc.  of  liquid, 
2  cc.  of  the  reagent,  and  a  five  minutes'  reading. 

OxYGBN  Consumed. 

Dibdin  takes  70  c.c.  of  the  sample. 
10  c.c.  of  sulphuric  acid  (10  p«r  cent,  by  volume). 
10  c.c.  of  permanganate  (1  c.c.  =  1  millignn.  O). 

Four  houni  at  80"  Fahrenheit. 

"In  some  cases  of  strong  sewage,  take  only  7  c.c.  and 
make  up  to  70  cc.  with  *  permanganated  water.'"" 

"In  manufacturing  refuse  it  in  advisable  to  a9cpr>ain  the 
0  absorbed  at  oncCt  and  deduct  from  the  4  hour<t." 

Mersey  and  Irwell  Board. 

70  c.c.  effluent,  50  cc  permanganate  (1  c.c.  =  ^V  nigiii. 

O). 
3  minutes,  and  4  hours,  at  "  about "  60**  Fahrenheit. 

For  the  3  minutoH  add  permanganate  from  a  burette  to 
"  70  CO.  effluent  +  10  cc.  HaS04  (one  in  four)  the  colour 
of  the  permanganate  forming  a  suHiciently  delicate  indi- 
cator." 

Carter  Bell. 
20  cc.  effluent,  50  c.c.  distilled  water,  10  cc  H^SO^. 
10  c.c.  permanganate,  ordinary  temperature,  4  houru, 

For  the  short  time,  add  10  cc.  permanganate  at  once, 
allow  to  act  3  minutes,  then  titrate  with  Kl  and  thio. 

Rideal. 
Exeter  filtrates :  (80**  F.  used  by  request). 
50  c.c.    +  25  cc.  permang|anate  (1  cc  =  '0001  gmi.  0), 

made  up  to  250  cc  with  pure  water  +  6  c.c.  pure 

concentrated  H^SO^,  4  hours  80°  F. 
Sewages :  10  cc  —  the  rest  as  above. 
In  laboratory,  effluents  are  done  thus :  60  c.c.  +  50  cc. 

permanganate  and  50  cc   sulphuric  (one  in  four), 

2^  hours  at  80""  centigi'mde.     [Always  viade  up  to 

same  volume,  250  r.c] 

Kjeldahl. — ^The  modifications  are  very  numerous. 

I  heat  10  c.c.  of  sewage  with  10  cc.  of  pure  H2  SO4  till 
colourless,  and  reduced  in  volume  to  about  5  cc.  I  do 
not  find  any  need  for  the  addition  of  K,  SO4,  since  alkalies 
are  present,  nor  of  £[g.  By  certain  experiments  I  have 
proved  that  the  nitrates  and  nitrites  even  in  highly  nitri- 
fied effluents,  do  not  cause  any  material  loss  of  organic  K, 
when  the  above  excess  of  H^  SO4  is  used. 

The  liquid  obtained  is  washed  into  a  100  c.c.  measure, 
diluted  to  about  50  c.c,  a  calculated  excess  of  pure  50 
per  cent,  soda  added,  cooled,  made  up  to  100  c.c,  and 
allowed  to  stand  till  ^e  precipitate  deposits.  A  suitable 
fraction  of  the  clear  liquid  is  then  diluted  with  pure  water 
to  50  cc,  and  Keaalerized.  I  usually  do  tliia  aimul- 
taneously  with  the  free  and  albuminoid  ammonias,  as  tl« 
large  number  of  samples  that  it  has  been  necessary  to 
daily  analyse  with  rapidity  on  account  of  the  quick 
changes  that  sewage  undergoes,  have  compelled  a  simpli- 
fication of  methods. 

The  ordinary  process  of  distillation  and  titration  with 
alkali  might  attain  more  accurate  results,  but  would 
involve  the  treatment  of  large  quantities  (^  to  2  litres),  a 
great  expenditure  of  time,  and  a  volume  of  sample  that  if 
not  often  attainable. 

Bactb&iolooical  Examination. 

Counting  plates,  temperature,  and  time. 

Dr.  Frank  Clowes,  and\,  ^„j^^  r-^ .    ^         -i 

Dr.  Houston.  /  ^-^"^^^  ^^"°^>  Council. 

Abstrad. 

Sterile  bottles  completely  filled  with  the  sewage:  cul- 
tivations in  every  case  on  same  day,  and  as  soon  afttr 
collection  as  possible. 

Dilute  with  sterile  water :  the  two  most  convenient  dilu- 
tions are  1  in  10  and  1  in  10,000. 
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For  the  number,  gelatine  plates  should  be  used.  If 
suitably  dCuted,  and  continually  observed,  properly  grown 
oolonies  can  be  obtained  even  when  rapidly  liquefying 
species  are  present  When  agar  is  used  the  numbers  are 
too  low,  and  the  differentiation  is  more  difficult. 

From  0-1  to  1-0  cc.  of  crude  sewage  diluted  with  10,000 
volumes  of  sterile  water  is  used,  and  the  pistes  turned 
upside  down  to  avoid  difficulties  from  condensation  on  the 
lid.     Incubated  usually  at  20<^  C 

4163  I  am  anxious  m  the  name  of  the  Commission  to 
thank  you  very  much  indeed  for  this  most  valuable  evi- 
dence. I  tliink  we  rill  ii^ree  it  is  of  very  great  value 
indeed*— I  wihh  I  had  had  more  time.  Mr.  Willis  only 
gave  me  very  sliort  notice  ;  I  put  it  together  rather 
hurriedly. 

4164.  I  shMull  just  like  to  ask  you  one  point  about 
storrn  wattr.  Are  you  of  opinion  that  all  storm  water 
should  go  ilirough  the  filters  or  not  1— Go  through  filters? 

4165.  Throiij:h  the  filters  ;  where  there  are  bacterio- 
logical filters,  do  you  think  that  all  the  storm  water 
should  be  passed  through  them,  or  not ;  or  have  you 
not  studied  that  point?— Well,  I  have  studied  that  point. 
It  depends  entirely  upon  what  you  are  aiming  at.  I  think 
if  you  pass  storm  water  through  a  filter  bed  at  a  great 
rate  you  will  not  get  the  same  result  of  course,  as  if  you 
were  passing  the  normal  quantity  through  a  filter  bed. 
If  the  storm  water  has  been  sufficiently  dUuted  with  rain 
water  so  as  to  be  satisfactory  to  the  Bivers  Board  or  the 
authority  controlling  the  water,  then  I  think  that  that 
might  be  passed  Into  the  river  without  passing  through 
the  filter  bed. 

4166.  You  would  be  inclined  to  think  that  the  storm 
water  was  injurious  to  the  filter  bed  I — Not  injurious  to 
the  filter  bed,  but  it  does  not  give  the  same  result  going 
through  quickly  as  if  it  went  through  slowly. 

4167.  No  ;  but  if  it  does  no  harm  to  the  filter  bed  what 
is  the  harm  of  its  going  through  it? — None,  mat  1  can 
see. 

4168.  Tou  do  not  think  that  it  would  wash  away  the 
colonies  of  bacteria  or  anything  of  that  kind? — ^Not  in 
the  filter  bed  ;  it  might  in  the  septic  tank. 

4169.  But  not  in  the  filter  bed?— Not  in  the  filter  bed. 

4170.  Then  may  I  ssk  whether  you  have  any  experience 
of  the  land  treatment  of  sewage  ? — Yes.  I  know  a  good 
many  sewage  farms,  and  I  have  done  a  good  many  analyses 
in  connection  with  sewage  farm  effluents. 

4171.  Do  you  consider  that  any  soil  can  purify  sewage 
when  the  land  is  frozen  ? — ^W^hen  the  land  is  frozen  ? 

4172.  Frozen? — It  will  not  pass  through  the  land  if 
the  land  is  frozen  before  the  sewage  reaches  it. 

4173.  Then  the  land  will  be  useless  for  purification 
purposes? — Quite  so. 

4174.  Have  you  ever  watched  through  any  prolonged 
period  of  cold  weather  what  does  happen  on  a  sewage  farm  ? 
— No  ;  I  am  afraid  I  have  no  information  upon  that  point* 

4175.  Can  you  give  any  approximate  idea  of  the  quantici* 
of  sewage  per  acre  that  could  be  properly  treated  by  land 
treatment? — ^I  think  that  depends  a  gooa  deal  upon  the 
eharacter  oi  the  soil,  its  porosity,  and  &e  subsoil,  whether 
it  is  efficiently  drained,  and  the  way  in  which  it  is  applied 
to  the  soil. 

4176.  There  is  no  definite  law? — ^There  is  no  definite 
law;  no. 

4177.  And  would  you  say  thai  any  purification  of  sew- 
age is  possible  whore  the  land  is  water-logged  ? — ^No  ;  cer- 
tainly not,  for  the  «tame  reason  that  it  is  no  use  in  time 
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4178.  Hivc  you  ever  known  the  soil  of  an  old  sewagr 
f^rm  to  have  been  analysed  bacterially  ? — ^No  ;  I  have  no 
becterial  analysis.  T  have  made  chemical  analyses  of 
soil  which  h.'is  been  ufed  for  sewage  treatment. 

4179.  But  not  baoteriologically? — ^No. 

4180.  And  have  those  chemical  analyses  shown  any  re- 
markable results  / — No  :  I  have  noticed  an  accumulation  of 
nitrogen  in  such  soils,  and  also  soils  which  originallv  were 
non-caloareous,  and  little  or  no  lime  in  them,  increaae  in 
efficiency  wllli  a  curtain  quantity  of  lime  ;  as  lime  in- 
creased, brought  down  by  the  sewage  on  to  the  farm,  then 
that  farm  lainl  gave  better  r<,'Hult8,  and  I  think  that  was 
shown  also  in  th-*  hiBt  report,  the  Rivers  PoUution  Beport, 
in  the  analyses  of  soils  then  made  by  Sir  Edward  Frank- 
land,  although  it  did  not  seem  to  be  recoirnised  by  him  at 
the  time  that  the  quantity  of  lime  in  the  soil  influenced  the 
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amount  of  nitrification,  and,  of  course,  you  can  convert       i^v^ 

:•  non-calcareous  soil  into  a  calcareous  soil  by  treating  it   ^' * 

with  sewage  which  contained  lime  for  two  or  three  yean ;  i5Feb.  ib09. 
you  give    then    the    necessary  lime    for    tliis    efficient 
nitrification. 

4181.  Should  you  say  that  pathogenic  organisms  inigV.t 
survive  land  treatment  of  sewage  ? — ^I  think  it  has  been 
proved  that  with  water  passing  over  land,  the  filtrate  trom 
such  land  does  contain  pathogenic  organisms  in  certain 
cases.  Take  the  Maidstone  example,  I  suppose  one  could 
regard  it  as  an  illustration ;  since  the  liqutid  passing 
through  the  land  subsequently,  probably  caused  the  out- 
break. 

4182.  Should  you  say  that  it  was  as  likely  that  patho- 
genic organisms  might  get  into  a  stream  after  passing  over 
land,  as  that  they  might  do  so  after  passing  through  one  of 
these  bacterial  filters  ? — ^Tes,  quite  so,  the  two  things  are 
exactly  comparable.  If  a  sewage  farm  works  badly  then 
pathogenic  organisms  can  vo  through  that  sewage  farm  : 
if  a  fLter-bed  is  working  badly,  then  pathogenic  organisms 
will  go  through  that  filter. 

4183.  But  if  the  filter  and  the  farm  were  both  working 
well  7 — ^The  results  are  similar  in  each  case. 

4184.  Tou  would  say  that  the  danger  in  the  one  ease 
was  as  great  as  in  the  other  ? — ^Yes. 

4185.  And  no  greater? — If  anything  it  is  in  favour  of 
the  filter,  I  should  think,  because  it  is  more  under  controL. 

4186.  Now,  would  you  be  prepared  to  say  generally, 
that  artificial  filtration  is  in  all  respects  as  satisfactory 
as  land  treatment  ? — Undoubtedly,  I  say  it  is  better. 

4187.  (Professor  Uamsay.)  1  should  like  to  take  your 
evidence  in  the  order  in  which  you  have  given  it,  Dr. 
Bideal.    Beferring  to  the  term  organic  nitrogen  ? — ^Yes. 

4188-89.  What  does  that  mean  ?— Well,  that  is  Kjeldahl 
nitrogen  less  the  nitrogen  of  the  free  ammonia. 

4100.  Then  you  said  in  answer  to  question  4132,  thai 
samples  for  analysis  should  be  collected  proportionately 
to  the  flow,  and  not  in  equal  quantities  as  is  often  done. 
How  is  this  to  be  done,  and  what  difference  does  it 
make  when  a  short  calculation  will  show  the  proportion 
of  the  sample  collected  to  the  flow  ?  Is  it  not  meant  that 
the  sample  should  be  stated  in  terms  of  the  total  sewage 
instead  of  any  definite  volume  of  the  sewage? — That 
depends  again  entirely  on  what  you  are  trying  to  get  at. 
That  answer  of  mine  was  meant  to  apply  to  samples  from- 
a  filter  or  samples  of  sewage  from  a  town.  If  you  take  a 
single  sample  at  any  particular  i^me  that  does  not  repre- 
sent the  averacje  composition  of  the  sewage  of  the  town  ; 
if  you  take  a  single  sample  from  the  filter  at  any  particular 
time,  that  does  not  r'^nrescpf  the  ave^^ee  composition  ol 
the  liquid  from  that  filt.flr.  The  curve  (exhibit  A)  that  has 
been  put  in  in  one  of  these  questions  perhaps  will  answer 
that  point  better.  I  am  afraid  I  have  only  two  of  these., 
but  I  have  drawn  a  red  curve. 


4191.  The  red  curve  shows  the  volume  discharged 
The  red  curve  shows  the  volume  discharged  from  that 
particular  filter,  and  you  notice  that  if  you  take  samples 
at  equal  times  you  get  varying  amounts  of  nitric  nitrogen. 
The  black  lines  represent  the  quantities  of  nitric  nitrogen 
discharged  from  the  filter  in  parts  per  100,000.     The  base 
line  represents  the  time  of  discharge,  2,   4.   6.  8,  10' 
minutes,  the  filter  emptying  completely  after  about  40 
minutes — about  three-quarters  of  an  hour.     This  is  one 
of  the  Exeter  filters,  and  I  wished  to  find  out  whether  the 
nitrates  were  coming  away  uniformly,  and  therefore  I  took 
samples  every  two  moiutes  right  through  a  complete  dis- 
chaige,  or  rather  four  complete  discharges,  and  plotted 
them  out  in  these  curves.  You  will  notice  from  the  chaaracter 
of  the  black  lines  that  they  are  irregular,  and  I  should  like 
to  refer  to  this  later  on  when  we  come  to  deal  with  the 
changes  taking  place  in  the  filter,  that  it  is  not  an  uniform 
line,  a  straight  I'.ne ;  the  quantity  of  nitrate  is  different  at 
different  times.    Now,  if  you  want  to  determine  how  much 
nitric  acid  is  being  produced  by  this  particular  filter  you 
must  take  it  proportionately  to  the  flow  or  you  will  sjet 
misliading  results.     Now  the  flow,  the  discharge  of  this 
filter  is  shown  by  the  red  line,  and  supposing  we  elect 
to  take  a  sample  (after  five  minutes  or  six  minutes),  you 
will  find  that  after  six  minutes  the  red  line  shows  that 
1^,500  gallons  have  been  discharged  out  of  this  filter,  which 
c'iK'harees  normallv  a  total  of  8,000  gallons,  therefore  the 
quantity  that  has  gone  out  after  six  minutes  will  be  about 
one-third  of  the  total  quantity  discharged  by  that  filter. 
Xow  th'>  nitrate  determinations  before   that  point,    if 
yon  '^kc  this  particular  discharge,   which  was  after  a 
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Dr.       period  of  re^t.  and  therefore  is  not  a  normal  one,  ycu 
a.Rid£ai.    ^,)iiii  find  that  tin*  nitrates  were  2  running  down  to  1-25, 
F«b.  ia».  bat  that  afrer  that  period 

4192.  (Professor  Foster.)  What  does  well  flow  meayi? 
— The  well  is  a  well  at  the  side  of  the  septic  tank  filter. 

4193.  Theii  these  mean? — ^These  are  taken  ittnn  tbe 
discharge,  not  from  the  wells. 

,  4194.  Quite  so,  but  from  several  filter  beds  ;  they  are 
five  filter  bids? — No,  from  one  filter  bed  ;  each  line  le- 
presents  from  one  filter  bed. 

4196.  Yea? — ^The  dischairge  is  controLed  by  the  wells. 
The  well  discharges,  then  a  particular  filter  discharges. 
Therefore,  after  six  minutes,  the  average  quality  of  the 
disoharge  has  been  reduced  from  2  down  to  1-2  of  nitric 
nitrogen.  Now,  the  filter  goes  on  discharging  for 
forty  minutes,  so  the  next  thirty-four  minutes  you 
have  the  quality  of  the  discharge  varying  from 
1*2  down  to  as  low  as  *55.  The  two-thirds,  therefore,  of 
the  discharge  will  have  an  average  composition  of  some- 
where  between  *5  and  1*12,  and  one-third  of  the  discharge 
has  a  composition  between  2  and  1*12  ;  therefore,  if  you 
do  not  take  samples  proportionately  to  the  flow  you  will 
get  an  erroneous  result.  Now  the  way  in  which  the  nitric 
determinations  published  in  connection  with  Exeter,  and 
were  given  in  the  inquiry,  were  taken,  in  order  to  get  over 
thils  difficulty  was  as  follows: — ^The  samples  were  taken 
after  1,  3.  6, 10,  and  20  minutes  after  the  commencement 
rof  the  discharge,  and  those  times  you  will  not'ce  correspond 
to  times  when  equal  volumes  have  come  out  of  the  filter 
and  not  after  equal  intervals  of  time.     The  same  is  true 

•  of  course  with  regard  to  sewage  discharged  from  a  town. 
In  the  particular  question  you  are  referring  to  (Question 

•4131)  the  six  samples  were  taken  proportionately  to  the 
flow  every  hour  from  6  a.m.  to  6  p.m. 

4196.  (Professor  Bamsay,)  Yes,  I  see ;  then  what  you 

•  ari^ue  in  favour  of  is  that  very  frequent  sample*  must  be 
taken? — ^Proportionally  to  the  flow. 

4197.  And  would  you  state  the  results  en  the  basis  of 
the  total  amount  of  sewage  passed  during  twenty-four 
hours  ? — Oh,  it  does  not  matter  what  the  volume  is ;  you 
multiply  by  the  quantity,  and  then  you  get  the  total 
quantity. 

4198.  You  think  that  would  be  the  fairest  way,  then,  of 
stating  the  analysis  of  sewage  and  the  analysis  of  efliuents 
in  terms  of  the  total  quantity  of  sewage  that  has  flowed  ? — 
Yes. 

4199.  From  the  whoje  town  ?— Yes. 

4200.  Can  you  explain  what  the  meaning  of  these 
descending  nitrates  is  ;  do  the  anaerobic  bacteria  cease  to 
work?— In  this  curve? 

4201.  In  that  curve  ?— You  will  notice  th«t  there  axe 
altogether  four  analyses  given  in  this  table.  The  first 
one,  the  dark  line,  that  ib  reallv  the  second  one  ;  the  top 
one  is  the  dark  line,  the  dark  line  refers  to  a  filter  Whifeh 
had  been  kept  empty  for  eome  days,  and,  therefore,  had 
been  well  aerated,  and  you  will  notice  that  that  is  the 
only  one  really  which  shows  a  downward  curve  begmnjig 
with  a  very  large  nitric'  nitrogen  for  such  filters,  2,  and 
finishing  with  about  L  I  explain  that  by  saying  that 
the  nitrification  has  taken  i)lace  during  the  resting  period 

.*nd  the  dribble,  the  draminff  during  the  resting  period 
^goes  to  the  bottom  of  the  filter,  and,  therefore,  is  the 
liquid  which  comes  out  first,  and  you  will  notice  in  that 
particular  case  is  the  richest  in  nitrate.  Now  when  a 
filter  has  not  had  that  long  period  of  rest  you  do  not 
notice  that  characteristic ;  but  you  notice  in  the  last  two 
—that  is,  the  third  and  fourth  especially— that  it  Degms 
low  and  ascends,  and  I  explain  that  by  saying  that  the 
filter  not  having  had  a  long  resting  emptv  period,  has  not 
produced  a  large  amount  of  nitrate,  and  the  bottom  bquid 
that  comes  away  is,  therefore,  poor  in  nitrate;  but  it 
increases  as  the  discharge  takes  place,  because  the  upper 
layers  of  the  filter  during  the  period  of  resting  full  have 
been  nearer  the  air,  and  more  oxygen  has  been  in  contact 
with  the  liquid  and,  therefore,  the  nitrates  are  richer  at 
the  finish. 

4202.  Do  you  regard  such  a  filter  as  sufficiently  able  to 
aerate  after  discharging  ?  Is  it  not  probably  the  case  that 
it  fills  up  with  carbonic  acid  very  quickly  ?— I  have  put  m 
some  fitnires,  I  think,  showing  the- quantity  of  carbonic 
acid.    The  amount  of  carbonic  acid  increases  very  rapidly. 

4203.  And  does  not  get  removed,  I  fancv  ?— ^  >!'-  n'^t 
think  80 — ^I  do  not  see  how  it  oan  until  it  is  filled  up  again, 
filled  up  with  fresh  liquid,  eo  that  they  are  unfavourable 
reallv  for  nitrification. 


4204.  Would  it  be  advisable  to  blow  air  through  them, 
or  to  expose  them  in  some  way  to  air?-^Yea,  if  air  was 
blown  through  you  would  bring  more  oxygen  into  contact 
with  the  organisma  residing  in  that  filter. 

4205.  (Colonel  Harding.)  Would  there  rot  be  a  current 
through  the  air  valves  through  the  filter  during  the  empty 
period ?—€arbonic  acid  is  a  very  heavy  gas;  it  remain» 
down  at  the  bottom  of  these  filters  much  in  the  feame  way 
as  it  does  in  the  breweiy  vat. 

4206.  But  in  this  case  the  valves  would  remain  open?— 
Yes,  but  the  whole  of  the  bottom  of  the  filter  is  not  a 
valve. 

4207.  (Professor  Foster.)  Do  I  cat^  er,  then,  Dr.  Bideal, 
tliat  you  think  that  the  nitrates  which  are  present  in  these 
effluents  are  nitrates  formed  during  the  previous  periods  of 
rest,  simply  washed  out  from  Qie  filter  ?— During  the 
period  of  rest,  quite  so. 

4208.  And  not  during  the  flow  itself  ?— Not  duxing  tile 
fuU  period. 

4209.  (Professor  Bamsay,)  Then  a  little  further  down; 
pass  on  to  the  next  question,  4133.  You  say  the  nitrate 
would  be  reduced  to  nitrite,  and  this  to  nitrogen,  aocoiding 
to  reactions  we  shall  consider  later,  and  the  Lquefaction 
and  hydrolysis  change  will  proceed  ? — ^Yes,  I  have  actually 
proved  the  production  of  nitrite  from  nitrate  in  aueh 
liquids,  and  I  have  also  proved  a  less  of  nitrogen — a  leas 
c  f  total  nitrogen. 

4210.  Amounting  to  what  7  Can  you  give  us  some  sug- 
gestion as  to  how  much  ? — ^Well,  very  frequently  one  finds 
in  comparing  the  quantitv  of  nitrogen  in  the  fresh  sewage 
and  the  final  sewage,  pernaps  one-half  of  the  nitrogen  has 
gone. 

4211.  Passing  next  to  the  table  on  the  fermentations 
of  organic  acids,  I  suppose  you  would  say  that  alkalinity 
is  favourable  to  such  fermentation? — ^Yes. 

4212.  And  that  strong  acidity  hinders  it? — Strong 
acidity,  certainly  yes. 

4213.  Have  you  made  any  experiments  as  to  the  amount 
of  alkal'nity  which  would  be  favourable,  or  tiie  amount  of 
acidity  which  is  unfavourable? — No,  I  am  afraid  I  haVe 
not. 

4214.  These  experiments  could  be  made,  of  course  ?— 
Yes. 

4215.  And'  would  they  not  throw  some  light  on  the 
value  of  liming  the  sewage  ? — Well,  all  sewage,  unless  it 
is  contaminated  with  manufacturing  refuse,  is  alkaline, 
slightly  alkaline,  and  that  seems  to  be  a  condition  which 
is  favourable,  sufficiently  favourable  for  this  change  to  teke 
place. 

4216.  Sufficiently  alkaline,  do  you  think  ? — Yes,  ezeea- 
sively  alkaline  is  unfavourable.  Undoubted^  an  alka- 
linity above  40  to  50  parts  of  ammonia  per  100,000  is  i:^- 
favourable.    . 

4217.  Hi  en  do  you  regard  the  chemical  treatment  with 
lime  aa  unfavourable  to  future  fermentation?—!  am 
certaii.  from  the  results  that  the  absence  of  nitrification 
after  lime  treatment  has  been  due  to  a  eteriliaing  action — 
that  :h^  been^  met  with  over  and  over  again  cLuriitg  the 
last  few  years. 

4818.  ^Dhen  you  apeak  in  your  answer  of  the  order  of 
operations  which  may  go  on  in  <a  'bacterial  filter,  and  you 
say  that  any  mixing  or  confusion  in  the  ordeir,  any 
artificial  interference,  or  attempt  to  work  distinct 
reactions  simultaneously  in  the  same  receptacle  will 
lead  to  uncertainty  and  irregularity  in  the  results f — 
Yes. 

4219.  Putting  t^at  sentence  into  facts,  would  you  argne 
that  such  a  filter  as  Mr.  Dibdin's  ia  defective  in  so  far  aa  it 
tends  to  mix  up  those  reactions  ? — Yes,  that  is  the  object 
of  that  sentence  really,  yes. 

4220.  But  you  say,  I  suppose,  that  such  a  filter  as  the 
Exeter  one,  or  aa  Colonel  Ducat's  one,  is  a  single-aotion 
filter?— Yes,  both  .good.  ^Well,  the  Exeter  filter  has  the 
same  objections  as  Dibdiii's  filter,  'because  there  is  the 
resting  full  period.  You  are  on  the  septic  tank  now,  I 
suppoise  ? 

4221.  The  septic  tank,  yes.     I  suppose,  as  a  deduction 
•  from  that  statement,  you  would  say  if  it  is  decided  to  treat 

the  sewage  anaerobically,  the  right  thing  would  be  to  do 
both  as  absolutely  separate  operafions,  to  make  use  of 
some  such  septic  tank  as  the  Exeter  tank,  and  follow  that 
up  with  thorough  aeration  ? — ^Yes. 

4222.  A  completely  separate  operation  ? — Yes. 

4^3.  Ycu  refer  to  the  Scott-Moooriefir  apparatus ;  do 
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yon  re^trd  thai  as  a  mixture  of  operations,  or  as  separate 
operations — to  separate  the  adrobic  from  the  anaerobic 
f ermfiDtation  9 — In  tiie  iScottnMoncrieff  apparaius,  the 
£rst  part  is  distinctly  anaerobic ;  in  the  filter  the  upper 
trays  are  mixed,  the  lower  trays  are  purely  nitrifying, 
and  carbon  oxidizing. 

4224.  Then  do  you.r^ard  that  arrangement  as  eatisfa> 
toiy  from  your  point  of  view  ?r— I  think  that  it  is  a  very 
good  one. 

4225.  Would  it  be  possible  to  arrange  the  Exeter  filters 
in  sn^  a  way  as  to  cause  the  filtrate  to  descend  from  the 
one  to  the  other,  and  su£fer  a  nitrifying  change  in-  each  as 
it  pcooeeds  in  the  same  way  as  the  fi&nate  in  the  Scott- 
Mcmciieff  system  descends  through  several  trays,  and 
•auffers  changes  in  each  ?-r-Yes.  If  y pu  will  replace  tihe 
present  filter  beds  at  Exeter  by  some  of  ScottrMoncrleflTs 
ttrays,  or  by  a  Ducat  filter,  you  will  get  more  nitrification, 
and  do  away  with  the  resting  period,  and  work  it  oon- 
iinuoasly  in  the  same  way  as  a  septic  tank  works  con- 
linuously. 

4226.  My  point  was  rather  this  :  Would  anything  be 
.gained  by  separating  the  filters  at  Exeter  into  several 
.series  and  causing,  say,  partial  anaerobic  fermentation  to 
take  place  in  the  first,  more  nitrification  to  take  place  in 
the  second,  and  final  complete  nitrification,  'say,  to  take 
place  in  the  third  ? — ^Yes,  if  you  passed  the  liquid  through 
ive  filters  instead  of  one,  you  would  improve  the  effect. 

4227.  You  would  separate  the  organisms  by  doing  so  ? 
— ^I  think  so,  because  in  the  second  and  third,  and  subse- 

<iuent  filters,  they  are  protected  from  the  anierobic  organ- 
isms which  issue  from  the  slotted  pipe  and  go  on  to  the  top 
of  the  filter.  Well,  if  after  passing  through  Uiat  filter  it  goes 
on  to  a  second  filter,  that  second  filter  will  not  become 
contaminated  with  anaerobic  organisms  from  the  septic 
tank,  in  the  same  way  as  the  first  filter,  and,  therefore, 
the  breed  in  the  second  filter  will  be  a  purer  breed  than 
in  the  first  filter. 

4228.  You  state  a  little  further  down,  in  answer  to 
question  4140,  ''  The  action  is  more  energetic  when  the 
products  are  removed  as  formed,  and  the  bacteria  are 
:supplied  with  fresh  food/'  That  is  perfectly  trua,  but  is 
neutralizati<»i  removal?  For  example,  does  ^excess,- or 
addition  of  alkali  promote  complete  change ;  you  are 
speaking  of  the  change  from  maltose  into  glucose  ?— Yes. 

4229.  And  if  the  product  is  removed,  we  all  agree  the 
action  would  be  more  energetic ;  i  but  would  neutralization 
of  an  acid  come  to  the  same  thing  as  its.  removal  ? — ^That 
might  be,  yes.  In  this  particular  case,  of  course^  if  you 
liav^  organikms, '  producing  alkalinity,  converting  the 
nitrogen  into  ammonia,  if  that  ammonia  gets  above  a 

•  certain  amount,  thien  the  aclabri  will  cease ;  if  that  ammohja 
ceuid  be  neutnrliaed,  but  I  do  n6t  quite  see  how  it  could 
be  done  practically,  the  change  might  still  go  on. 

4230.  Then  in  your  uisww  to  question  4141  you  point 
out  that  "In  methods  involving  a- *  resting  full  *  sad  *^ rest- 
ing^ empty !  period,  there  is  alternate  inversion  of  bacterial 
^tion- between  aerobes  and  anaerobes,  with  a  disturbance 
of  both,  necessitating  prolonged  periods  of  rest."  Has 
that  been  proved  or  is  it  a  pious  opinion? — ^I  think  the 
Leeds  experiments  show  that  in  t3ie  last  report. 

4231.  Could  you  give  us  any  detail  about  those?— Well, 
it  is  only  second-hand  information  about  it.  I  have  read 
a  report  very  carefully  about  them,  and  Colonel  Harding 
is  here. 

4232  Perhaps  Colonel  Harding  may  have  something  to 
say  on  that? — ^Perhaps. 

(Colonel  Harding,)  I  did  not  catch  the  question, 

(Profesnor  Bamsay.)  My  question  is  this  :  I  quoted  Dr. 
Bideal,  "  In  methods  involving  a  *  resting  full '  and  *  rest- 
ing empty '  period  there  is  alternate  inversion  of  bacterial 
action  between  aSrobes  and  anaerobes,  with  a  disturbance 
of  both,  necessitating  prolonged  periods  of  rest  ?  " 

(Colond  Harding.)  I  am  afraid  the  bacteriology  of  the 
experiments  at  Leeds  has  not  been  sufficiently  studied  to 
enable  me  to  offer  an  opinion  ?--Th ere  is  one  point  which 
I  noticed  in  that  report,  which  rather,  to  my  mind,  sup- 
ports that  conclusion,  and  that  is  that  in  one  experiment 
in  which  there  was  a  very  long  period  of  rest,  and  the  filter 
when  filled  practically  regained  its  original  canaditv,  yet 
It  iTjt  thft  gain  very  rapidly  after  the  lonaf  period  of  rest. 

4233.  (Profess^orRamsay.y  What  would  rou  argue  from 
that?^I  anrue  from -that  that  the  lonjr  period  of  rest  had 
killed  or  arrested  the  activity  of  the  anaerobes,  nid  there- 
fore when  the  filter  was  refilled  these  orjranisms  were 
either  not  prwent  or  unable  to  deal  with  the  incoming 
sohds  in  the  same  vay  as  the^r  normally  did,  and,  there- 

1213. 


fore,  a  longer  mriod  was  required  in  order  that  the  ^Iter      ^^ 
mignt  work  saiHlactorily.  7     \.Ayd^^- 

4^54.  Tnen  iha€  practically  is  an  enlargement  of  your^^^M^* 
answer  tu  question  4142  ? — ies. 

4235.  Towards  the  end  .of  the  answer  to  question 
4148  you  state  that  chioriue  is  an  agent  which  will 
miaiiy  purify  an  etfiuent.  1  should  like  to  ask  you 
wiietner  you  think  that  is  an  advisable  thing  to  com- 
pletely kill  out  the  organisms  in  an  elliuent  ? — No,  cer- 
tainly not,  but  a  great  point  has  been  made  recently  about 
the  presence  of  pathogenic  organisms  possibly  in  such 
ti4ter8,  and  I  suggest  that  this  is  a  means  of  getting. out 
of  that  ditticulty  if  it  really  existed.  ; 

4236.  That  is  to  say  ii  the  effluent  is  to  be  used  ior 
drinking  ?—Ye8. 

4237.  Then  as  regards  the  cost  of  such  a  method  would 
it  not  be  prohibitive  ? — I  am  not  concerned  with  the  cost 
at  all.  I  do  not  believe  it  would  be  very  costly  from  the 
experiments  we  made  at  Maidenhead. 

4238.  But  it  would  only  be  applicable  where  the  water 
was  intended  to  be  drunk? — ^I  should  only  advise  it  in 
such  cases. 

4239.  Then  in  the  next  answer,  4149,  you  speak  of 
nitrous  acid  being  an  unstable  substance,  and  you  pass 
on  to  say  "From  this  useful  instability  they  count 
(nitrous  acid  and  nitrates  count)  in  many  analyses  in  '.he 
'  oxygen  consumed,'  and  therefore  lead  to  a  higher 
estimate  of  the  organic  matter."  I  suppose  you  reler  to 
Boscoe's  and  Dibdin's  '>lans  of  treating  with  permanga- 
nate ? — ^Yes. 

4240.  Then  you  hold  this  process  as  consequently  in 
error  when  there  are  nitrites  present? — ^Nitrites  always 
increase  the  oxygen  consumed  unless  there  is  a  reduction 
for  the  three  minutes'  test. 

4241.  Which  practically  destroys  nitrites? — ^Yes. 

4242.  In  the  answer  to  question  4150  towards  the  end 
you  say  that  the  denitrifying  bacteria  will  not  develop  in 
liquids  deprived  of  nitrate  and  out  of  contact  with  air, 
nor  will  they  attack  organic  matter  under  these  cucum- 
stances.  l)o  you  refer  here  to  Adeney's  process  for  add- 
ing nitrates  artificially  to  the  effluent?— I  do  not  think  it 
makes  any  difference  whether  the  nitrates  have  been 
added  artificially  or  whether  ihej  exist  already  formed 
in  the  sewage. 

^  4243.'  Then  you  regar'i^l  thjjir  existence  in  the  sewage 
asr  wivanta^eous  ?— Yes,  nitrates. 

4244.  Nitrates  ?~-Undoubtedly,  for  this  reason— 

4245.  Because  they  are  able  to  give  up  oxygen  iMer  (»i  I 
— Later  on  by  .the  denitrificatiop  process.       ..,.    ,  ^^^ 

4246.  The  amount  of  carbonaooous  matter  requiring 
destruction  is.  measured  by  the  ordinary  figure  of  oxyj^en 

.  abs.orbed  as  determined  by  permanganate,  sinc-i  atter 
lour   hours' r heating.  \^th  jjjermanganate  no .  diaogerous 

.  matter  can  be  left.  Has.  that  beeii  proved^  or  is  it  matter 
of  opinion  ? — ^It  is  only  a  matter  of  opinion. 

4247.  It  would  depend,  of  course,  upon  the  quantity  of 
permanganate  ?— I  see  your  point.  I  am  assuming  there, 
the  ordmary  method  .of  adding  permanganate  in  excess 
— ^permanganate  added  in  excess. 

4248.  That,  of  course,  would  destroy — we  agree,.  I 
sunpose— would  destroy  bacteria;  but  w^ould  it  destroy 
substances  which  are  finally  fermentable  ?  Would  it  des- 
troy ptomaines  ?— Well,  there  must  be  some  organic 
matters  left  after  that  treatment;  but  I  do  not  think 
there  would  be  any  of  an  injurious  character. 

4249.  It  has  not  been  proved,  however?— I  am  afraid 
I  am  obliged  to  ask  you  again  the  meaning  of  the  Table 
giving  terms  whioh  I  suppose  show  the  progress  of  the 
change  of  nitrogen  in  the  different  trays  of  the  Scott- 
Moncrieff  filter  ?— These  are  t^e  curves  that  acoompanv. 
{Exhththng  curves.)  " 

4250.  I  have  not  peen  those?— There  are  several  copies 
of  them. 

4251.  You  give  in  the  first  row  the  chlorine  present  in 
the  water,  then  next  nitrogen  as  nitrite.  Is  there  any 
Xiitrogen  as  nitrite  in  the  Garfield  domestic  filter  ?— Tlie«e 
tables  of  comparison  are  not  my  own  analyses  except  so 
far  as  Cameron  at  Exeter  and  Scott-Moncrieff  are  con- 
cerned. Those  figures  are  the  figures  which  I  have  taken 
from  reports  and  information  which  have  been  i?iven  me 
with  regard  to  Garfield  and  Sutton,  and  I  conld  not  find 
the  nitrite  and  nitrate  given  separatelv  for  the  Garfield 
filter.  There  is  nitrite  end  nitrate  there ;  it  is  given  m 
the  last  line. 
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Dr.  4252.  In  the  last  column ;   the  flummary  of  the  two. 

S.  MideaL    Then  you  argue  from  this  Table  that  the  nitrification  is 

IM>.  iflM.  much  more  complete  in  the  Scott-Moncrieff  filter  l — ^Yes. 

4253.  Than  in  any  other  plan? — Than  in  any  other 
plan ;  yee.  The  curves  will  show  that  production  of  niiric 
latrogen  in  the  Scott-Moncrieff  trays  better. 

4254.  You  give  two  tables  again*  What  are  we  sup- 
posed to  learn  from  tiioee  tables  ? — ^The  first  table  shows 
denitrification  taking  place  with  loss  of  nitrogen,  and  the 
conversion  of  the  ammonia  into  niftrite.  You  will  notice 
the  nitric  nitrogen  is  diminishing  from  10  to  7*06,  also  the 
organic  nitrogen  is  diminishing  at  the  same  time  from 
2*89  to  2*38,  which  is  the  reaction  we  were  discussing  just 
now.  At  the  same  time  you  have  the  ammonia  being  con- 
verted into  nitrite,  so  that  you  have  denitrification  taking 
place  with  nitrosification. 

4255.  Organic  nitrogen,  if  I  understand  rightly,  w 
Kjeldahl  nitrogen,  ammonia,  nitrites,  and  nitrates? — 
No ;  total  Kjeldidil  nitrogen  less  free  ainm-  nia.  That 
shows  the  loss  of  nitrogen  in  the  experiment — actual  proof 
of  the  loss  of  nitrogen  from  a  sewage. 

4256.  That  there  is  a  loss  of  nitrogen  cs  nitrogen  or  as 
nitrous  oxide? — Yes,  the  second  one  you  asked  me  was. 
It  shows  nitrosification  ;  in  the  same  way  the  free  am- 
monia is  diminishing  slowly  with  the  production  of  nitrite 
with  a  loss  of  organic  nitrogen. 

4257.  Has  the  loss  of  nitrogen  as  nitrous  oxide  been 
proved  in  any  way? — ^I  have  nerer  found  nitrous  oxide, 
but  I  have  found  loss  of  nitrogen  without  the  production 
of  free  nitrogen. 

4258.  A  loss  of  nitrogen  ? — Withrut  the  production  <  f 
free  nitrogen.  That  is  so,  without  the  production  of  a 
gas,  and  it  has  gone  out  of  the  8o]\ition  in  the  form  of 
nitrite,  nitrate,  free  ammonia,  and  organic  nitrogen,  so 
that  there  is  a  nitrogenous  substance  there  which  is  not 
determined  by  either  of  those  four  methods. 

4259.  Which  you  regard  as  nitrous  oxide  dissolved  in 
water  ?— Dissolved  in  water,  probably,  Gayon  and 
Dupetit  found  nitrous  oxide. 

4260.  You  again  speak  of  the  standards  of  puriiy^  and 
metiiods  of  ptateraent  of  analyses — would  it  be  fair  to 
state  the  analyses  in  terms  of  the  total  chlorine  or 
would  that  be  a  risky  thing  ?  Is  the  chlorine  in  sewage 
sufficiently  constant  to  make  it  a  basis  for  the  statement  of 
analysis  ?— I  think  so  ;  as  a  general  rule  it  is.  If  you 
make  the  allowance  for  the  chlorine  in  the  water  supply 
of  the  town,  and  you  have  satisfied  yourself  that  there  is 
no  manufacturing  chlorine  of  any  serious  character  intra 
duced. 

4261.  Then  you  think  analyses  would  be  much  more 
readily  comparable  if  they  were  referred  to  total  chlorine  t 
— ^Yes.  I  am  quite  certain  that  in  a  raw  sewage  iihe 
nitrogen  as  a  rule  approaches  that  of  the  chlorine,  and  is 
often  a  little  higher  than  the  chlorine,  and  I  have  always 
very  grave  doubts  about  an  analysis  if  the  nitrogen  is 
much  lower  than  the  chlorine. 

4262.  Do  you  regard  a  statement  of  albuminoid  ammonia 
or  of  oxidisability  with  permanganate,  oxytyen  absorbed,  by 
it«elf  as  of  any  preat  value  ? — Oh  !  none  whatever,  I  think. 

4263.  It  really  shows  nothing  ;  it  may  show  nothing? — 
It  shows  the  absolute  amount  of  the  substance  there. 

4264.  I  refer  to  a  sentence  here,  in  which  you  say :  "I 
have  noticed  that  many  dilute  putrid  sewages  of  offensive 
character  have  shown  less  albuminoid  or  organic  nitrogen 
iiian  the  condemnatory  limits  of  existing  standards"? — 
Quite  so. 

4265.  Do  you  consider  that  the  process  of  analysis  is 
wrong,  or  that  the  sewages  may  contain  very  small  amounts 
of  albuminoid  ammonia,  and  still  be  very  offensive  ? — ^Yes  ; 
quite  so. 

4266.  Which  ?— I  mean  both.  Albuminoid  ammonia  is 
a  very  unsatisfactory  method,  and  the  result  when  you 
have  obtained  it  is  "of  little  value  for  that  reason,  that 
you  may  have  a  liquid  containing  a  very  small  quantity 
of  organic  matter  in  the  form  of  albuminoid  ammonia, 
which  is  below  these  standards  which  have  been  put  for- 
ward by  different  authorities,  and  yet  that  liquid  may  be 
of  a  most  dangerous  character.  For  example^  if  you  have 
a  liquid  containing  less  than  •!  of  allwiminoid  ammonia, 
and  that  albuminoid  ammonia  is  derived  from  cholera 
germs,  or  the  products  of  cholera  germs,  it  is  far  more 
dangerous  than  if  it  is  some  peptone  from  a  meat  extract. 

4267.  Then,  a  little  further  on,  you  say:  "The  multi- 


tude of  bacteria  in  sewage  is  bo  enormous,  and  their 
character  so  various,  that  a  mere  counting  of  their  nambeis 
must  be  unnecessary  and  inaccurate ;  *'  do  you  adhere  to 
that  opinion  ? — Well,  that  is  very  badly  woided. 

4268.  Would  you  attach  no  importance  to  liie  actual 
number  of  bacteria  in  an  effluent  ? — Ko  ;  the  actual  Homber 
I  think,  in  the  same  way  as  the  absolute  amount  of  alba- 
minoid  ammonia,  is  of  little  value  from  a  standard  p  tint 
of  view.  From  a  scientific  point  of  view  it  may  be  of 
immense  value,  but  from  a  standard  point  of  view  the* 
number  is  of  no  value  at  all ;  it  is  the  character  of  the- 
organisms,  and  so  I  suggest  there  that  a  ratio  is  fnr  more 
important  than  the  absolute  number  ;  it  is  the  ratio  dl 
the  pathogenic  forms  to  the  non-pathogenic  forrrs  that 
should  be  the  standard  fixed  upon  rather  than  the  absolute- 
amount  of  either. 

4269.  I  should  like  to  paas  on  to  a  statement  in  which 
you  speak  of  Dr.  Dupr^'s  test,  to  enclose  an  effluent  in  a 
bottle  and  determine  the  free  oxygen  present  before  and 
after  keeping? — Yea. 

4270.  You  also  say:  "Unfortunately,  although  the 
actual  work  of  this  test  can  be  carried  out  in  a  few  minutes, 
the  sample  had  to  be  allowed  to  stand  for  five  or  ten- 
days."  But  is  that  an  unfortunate  thine?  Would  it 
matter  if  the  effluent  was  analysed  after  five  to  ten  days^ 
do  you  think  ? — Well,  it  is  unfortunate  that  the  test  takes 
so  long  before  you  can  report  upon  the  quality  of  a  liquid. 

4271.  But  if  you  issue  a  good  report  is  not  that  more- 
important? — It  is  always  desirable.  I  think,  to  ascertain 
the  dangerous  character  of  these  liquids  as  soon  as  possible. 

4272.  What  I  wish  to  get  at  rather  is,  would  it  be  a  test 
which  could  be  applied  by  someone  not  skilled  in 
chemistry  ;  would  it  serve  as  a  reasonable  test  for  a  woik> 
man  to  carry  out  ? — I  think  so. 

4273i  Even  though  he  had  to  wait  ten  days  for  it?— I 
think  so. 

4274.  So  after  that  regular  sewage  purification  process 
tests  of  this  kind  might  be  made  continuously? — ^Yes,  but 
you  would  have  to  wait  five  days  ;  it  would  take  you  five 
days  before  you  could  correct  the  error,  if  any,  in  the 
process.  You  want  really  a  quick  test,  so  as  to  know  at 
once  what  alterations  to  make. 

4275.  Have  you  any  quick  test  to  suggest? — ^WeU,  I 
suggest  the  ratio  of  the  nitrate  to  the  organic  matter, 
organic  nitrogen. 

4276.  That  of  course  takes  something  th«t  involves  a 
day's  work  ? — Yes  ;  the  absolute  amount  of  nilxate,  of 
course,  can  be  determined  in  two  or  three  minutes,  pretty 
quickly  on  the  spot  if  you  are  watching  the  process  to 
determine  the  nitrate  action. 

4277.  By  means  of  indigo  ? — ^By  means  of  indigo. 

4278.  But  the  Kieldahl  always  takes  some  timet—That 
takes  some  time,  and  of  course  the  ratio  of  the  nitrate  to 
the  oxygen  consumed  is  very  quick — ^three  or  four  hours. 

4279.  Further  on  you  speak  of  the  Wanklyn  test,  and 
do  you  notice  that  distilling  albuminoid  ammonia  fre- 
quently with  water  converts  it  into  free  ammonia  ? — Yes. 

4280.  You  state  also  thab  "the  maiority  of  analysts 
employ  the  original  Wanklyn  with  preliminary  dilution ; 
hence  the  published  results  almost  invariably  show  too 
much  free  and  too  little  albuminoid  ammonia  *'  ? — Yes. 

4281.  You  regard  that  as  correct  ? — ^Yes. 

4282.  Might  I  ask  how  you  estimate  chlorine  ? — Usually 
by  evaporation  to  dryness,  taking  up  again  with  water, 
and  then  using  silver  nitrate  and  chromate  as  an  indicator. 

4283.  What  is  the  advantage  of  evaporation  to  dryness  t 
— Sewage  is  frequently  very  alkaline,  then  the  chromate 
indicator  does  not  respond. 

4284.  Have  you  noticed  that  in  evaporating  down*  albu- 
menoids  decompose  with  loss  of  ammonia? — I  should 
think  it  is  very  probable  that  with  a  dilute  solution  of 
ammonium  chloride,  the  ammonia  would  come  off. 

4285.  Would  not  that  alter  the  chlorine,  too  ;  would 
not  the  chlorine  disappear  also  in  the  samf^  war? — Well, 
usually  the  sewages  contain  a  quantity  of  soda,  wfiioh  gives 
it  an  alkalinity  sufficient  to  neutralise  that,  and  I  think 
the  greater  portion  of  the  chloride  is  in  the  form  of  sodium 
chloride  and  calcium  chloride. 

2486.  (Professor  Foster,)  I  do  not  know  that  I  quite 
understand  the  view  that  you  take  about  the  ana^bic 
and  the  aerobic  organisms.     Yon  think  it  is  necessary  that 
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^£Te  slioiil4  first  be  an  action  of  the  anaerobic  organisma 
jQucceeded  by  the  action  of  the  aerobic  organisms  ? — ^Tea. 

4287.  Ifi  that  because  the  so-called  anaerobic  organisms 
«can  do  what  the  adrobic  organisms  cannot  do,  or  because 
^ey  d«  it  better  7  I  ask  that  question  because  I  see  that 
jrou  qutte  «ith  approval  a  remark  of  Hering's  of  Maaaa- 

chusetts,  in  which  he  draws  a  distinction  between  the 
■action  of  these  organisms  on  solid  matter  and  on  matter 

in    solution.     I    gather    from    your    quotation    of    him 

that  he  thinks  the  aeroibic  organisms  can  carry  out 
-the  complete  change  provided  the  material  is  in  solution  7 
— ^l%at  is  his  view.  yes.     I  believe  that  the  anaerobic 

change  is  a  necessary  preliminary  very  largely  from  a 
•chemical  consideration  &at  the  breaking  down  of  these 

organic  bodies  takes  place  without  the  absorption  of 
•oxygen,  without  any  chemical  addition  to  the  substance  ; 

you  have  a  breakin^r  down  of  the  organic  matter  by  the 
'Organism  to  ammonia  and  to  marsh  gas  or  to  carbonic 
•acid,  but  that  oxygen  from  the  carbonic  acid  is  not  derived 

from  atmospheric  oxygen,  but  from  hydrolysis ;  the 
^han(;es  are  hydrolytic  changes,  and  therefore  they  are 

brought  about  by  organisms  which  are  acting  anadro- 

bically  ;  even  if  they  are  aerobes  the  oxygen  is  not  con- 
cerned in  the  change.     In  the  same  way  as  yeast :  although 

yeast  is  an  aerobe,  it  does  its  work  best  in  vacuo  or  in  tJ^e 
-absence  of  air  at  the  bottom  of  the  vat. 

4288.  But  with  regard  to  this  quotation  from  Bering, 
liave  you  any  knowledge  of  the  evidence  existing  that  the 
snaerobes  act  so  specially  successfully  with  solid  matter 
.^s  compared  to  the  aerobes,  or  let  us  not  say  nerobic 
-organisms,  but  organisms  acting  under  aerobic  conditions  7 
— I  have  found  very  raipid  solvent  action  from  both  aerobes 
:and  anaerobes,  but  the  change  does  not  take  place  by 
means  of  the  air. 

4289.  That  was  not  quite  what  I  meant.    Then  you  do 
not  agree  with  what  Hering  says  there.     Organisms  work- 
ing under  aerobic  conditions  can  readily  liquefy  solid 
^rtions  of  the  sewMe  7 — So  he  says. 

4290.  Yes  7 — ^He  s^  they  do  it,  but  not  at  the  same 
rate  as  anaerobes. 

4291.  What  is  your  view  on  that  point,  or  what  is  his 
evidence  7 — ^I  am  afraid  I  cannot  quite  follow  your  question. 

4292.  What  evidence  is  there  that  organisms  working 
under  analirobic  conditions  dissolve  tho  solid  matter  of 
the  sewage  much  more  rapidly  than  organisms  working 
under  aSrobic  conditions,  and  on  the  contrary  tha<b  when 
Ihe  matter  is  in  solution  the  aerobic  organisms  on  the 
other  hand  work  the  more  successfully ;  what  is  the 
'evidence  of  that  7 — ^Well,  we  have  the  evidence  of  Exeter 
and  the  Scobt-Moncrieff  upward  filter,  and  upward  filtra- 
tion experiments  showing  the  solvent  action  on  organic 
matter  under  deficient  oxygen. 

4293.  I  mean  this ;  there  can  be  no  doubt  th&t  ^ou  may 
,get  solution  of  the  organic  matter  under  ana&orobic  condi- 
tions, but  what  is  the  quantitative  proof  that  that  solution 
takes  place  much  more  rapidly  under  those  conditions  than 
it  would  under  aerobic  cond'tions  7 — ^The  old  experiments 
of  twenty  years  ago  on  upward  and  downward  filtration 
•establish  that,  I  think. 

4294.  But  with  regard  to  that  let  me  quote  the  evidence 
of  Dr.  Dibdin.  He  says  that  his  filters  work  entirely 
under  aerobic  conditions,  and  that  he  gets  complete  and 
rapid  disappearance  of  the  solid  matters  in  the  sewage 
•9a  well  as  &e  change  of  the  matters  in  solution  7 — Yes,  but 
those  filters  are  not  continuously  aerobic  ;  they  are  filled 
and  resting  full  at  different  periods,  and  samples  of  liquid 
taken  from  such  filters  a  short  time  afterwanls  will  show 
no  free  oxygen  in  the  body  of  the  liquid. 

4296.  The  solid  material  is  destroyed,  is  it  not,  in  the 
filters-Yes. 

4296.  Your  argument  is  that  that  solution  takes  place 
in  the  middle  of  the  resting  period  7 — Yes. 

4297.  When  the  oxygen  which  was  introduced  into  the 
l>ed  in  the  empty  period  has  been  used  up  7 — ^Yes. 

4298.  Have  you  evidence  of  that  7 — ^No  ;  I  do  not  know 
iihat  I  have  evidence  of  that. 

4299.  Well,  then,  it  has  been  stated  that  if  sewage  con- 
taining solid  matters  in  suspension  be  simply  allowed  to 
trickle  through  a  bed  of  cinders  complete  solution  will 
also  take  place ;  that  is  under  al^robic  conditions^  is  it  not  7 
—Yes. 

4300.  And  take  place  very  rapidly  7 — ^Yes. 

4301.  And  completely? — ^Yes  ;  that  finely  comminuted 
■cwage  matter  will  disappear,  go  into  solution,  or  oxidise 
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into  carbonic  acid  ;  I  do  not  think  it  goes  into  solution 
at  all ;  I  think  it  goes  into  carbonic  acid. 

4302.  Does  it  depend  on  the  size  of  the  material  7 — ^No. 

4303.  You  said  "finely  comminuted,''  which  refers  to 
size  only  7 — ^Yes,  but  that  expressly  refers  to  earlier 
material  which  has  a  different  character  from  the  original — 

4304.  Why  do  you  speak  of  it  as  "  finely  comminuted  "  ; 
what  is  the  point  of  "  finely  comminuted "  7 — 'Because 
when  I  see  that  material  in  sewage  I  know  that  it  has 
undergone  this  hydrolytic  change  &om  the  analyses,  you 
always  associate  it  with  a  laige  quantity  of  ammonia, 
for  example,  a  fresh  sewage  will  contain  a  small  quantity 
of  ammonia,  and  then  you  do  not  get  this  com- 
minuted white  matter  ;  you  get  then  the  sewage  in  f  oecal 
lumps,  and  therefore  I  think  I  am  justified  in  saying  that 
this  finely  divided  matter  is  in  a  different  condition  to  the 
original  matter  from  a  chemical  point  of  view. 

4306.  This  is  the  statement;  what  is  called  crude 
sewage  may  be  thrown  upon,  let  me  say,  a  heap  of  cinders  7 
—Yes. 

4306.  The  material  slowly  trickles  through  the  heap, 
and  therefore  we  presume  that  the  action  may  be  spoken 
of  as  one  taking  place  under  aerobic  conditions,  and  the 
whole  of  that  crude  sewage  is  disposed  of  7 — ^Yes,  slowly, 
I  agree. 

4307.  I  do  not  think  the  term  "  slowly  "  is  necessary  to 
be  used.  By  the  time  the  sewage  has  got  through  the 
material  all  the  changes  have  been  accomplished  7 — Weil  7 

4306.  The  larger  portions  have  been  broken  down,  and 
the  smaller  portions  have  undergone  the  necessary  changes, 
whatever  they  may  be,  leading  ultimately  to  nitrification  7 
— Well,  I  have  never  seen  any  results  showing  the  com- 
plete conversion  of  the  organic  matter  in  a  crude  sewage 
into  nitrate  by  such  a  process. 

4309.  That  has  been  stated  to  us  as  taking  place  7 — 
Yes  ;  I  have  never  seen  any  analyses  that  justify  me  in 
believing  that 

4310.  Is  our  knowledge  very  complete  about  the 
action  of  these  anaerobic  organisms  and  the  adrobio 
organisms  7 — ^We  are  only  beginning. 

4311.  I  eee  you  give  a  list  7 — ^Yes. 

4312.  Of  the  bacteria  occurring  in  sewage  7 — ^That  is  a 
working  list. 

4313-4.  It  is  gathered  from  various  authoriiiss,  is  it 
not  7 — Yes. 

4315.  And  the  definite  ana&robee,  obligatory  anaerobes, 
are  six  in  number  7 — ^Yes. 

4316.  The  facultative  are  a  very,  very  long  list  7 — ^Yes. 

4317.  Do  we  know  adequately ;  have  we  ad^uate  in-  » 
formation  concerning  the  action  of  these  iacultative 
anaerobes  and  aerobes  as  to  the  changes  they  bnng  about, 
even  under  so-called  aerobic  conditions  to  justify  one  hk 
stating  that  before  the  final  changes  in  the  sewage  take 
place  there  must  have  been  anaerobic  changes.  Or  to  put 
it  in  this  way:  do  we  know  sufficiently  about  them  to 
asseot  that  it  is  absolutely  certain  that  the  anaerobic  phss# 
must  precede  the  aerobic  7 — I  do  not  wish  to  press  ths 
anaerobic  phase,  the  anagrobe  more  than  the  aerobe, 
except  so  far  as  from  the  chemical  changes  that  take  place. 
For  example,  I  have  given  somewhere  the  change  that 
takes  place  with  an  afirobe  upon  gelatine.  There  has  been 
no  oxidation  effect,  but  the  breaking  down  of  the  gelatine 
has  gone  through  the  albumose  and  the  peptone  stage  and 
the  extractive  matters  have  been  produced  by  this  aerobe 
without  any  oxidation  taking  place  in  those  changes. 

4318.  My  point  is  rather  this.  The  tendency  of  your 
evidience  is  to  show  that  in  constructing  any  arrangemeout 
or  apparatus  for  the  disposal  of  sewage  it  is  necessary  that 
it  should  consist  of  two  parts,  of  the  prdiminary  anaerobic 
part  and  Hhe  subsequent  afipobic  part,  and  my  point  is 
that  we  have  had  evidence  brought  before  us  that  the 
whole  of  the  change  may  apparently  take  place  under 
conditions  which  cannot  be  spoken  of  as  anything  else  but 
aerobic  since  there  is  plenty  of  access  of  air  i — ^Yes. 

4319.  From  jrour  experience  and  from  your  knowledge, 
have  you  anything  to  say  which  would  render  it  a  prtori 
impossible  that  that  should  be  the  case  7 — Ko. 

4320.  That  with  the  multitude  of  organisms  which  are 
present  in  the  sewage  and  the  extreme  complezil^  of  tiis 
changes  which  take  place,  the  possibility  among  other 
things  of  one  organism  sheltering  another  7 — ^Yes. 

4321.  We  had  instances  brought  before  us  by  Profeiisor 
Marshall  Ward  of  the  possibility  of  anaerobic  organisms. 
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jfir.       and  aSrobic  organisms  working  together  in  concert,  so  to 
^RfduL  gpeat? — ^Yes. 

ifi^eCfiW.  4322.  Well,  all  that  points  to  the  possibility  of  an 
ttrtangement  being  adequate  for  the  complete  disposal  of 
eewage,  for  carrying  out  all  the  necessary  changes, 
without  the  necessity  of  provisions  being  made  for  the 
first  part  of  the  changes  taking  place  under  purely 
anadrobic  conditions? — ^Tes. 

4323.  And  you  think  that  is  possible  ? — ^Tes. 

4324.  Although  the  general  tendency  of  your  evidence 
is  in  favour  of  always  having  an  arrangement  for  an 
anaerobic  phase  ? — Yes. 

.4325.  You  think  the  ^her  is  quite  possible  ? — ^Tes. 
There  is  one  addition  I  might  make  to  your  last  question, 
and  that  is  a  thing  that  has  often  occurred  to  me  in  this 
connection,  and  that  is  urine  itself.  Urine  itself  is  a 
product  consisting  of  products  which  have  resisted  oxida- 
tion in  the  blood,  and  therefore  have  been  under  oxidation 
oohditions  and  have  been  oxidised.  All  those  products, 
the  urea  and  other  products  in  urine,  have  been  under 
this  oxidising  condition  and  have  survived.  They  are  the 
products,  and  it  would  seem  more  likely  that  they  would 
respond  more  easily  to  anaerobic  change  than  to  aerobic 
cfhange.  And  we  know  that  that  is  the  case  with  colouring 
matters.  The  loss  of  colour  takes  place  under  reducing 
action — ^reducing  conditions  rather  than  under  oxidising 
conditions. 

4326.  Well,  it  depends  on  the  colouring  matter,  docs  it 
not  ? — It  depends  on  the  colouring  matter  ;  the  colouring 
maitters  of  urine  will  bleach  under  such  conditions.  That 
is  only  a  theoretical  point  in  connection  with  it. 

4327.  Yes,  but  in  the  sewage  we  have  all  these  various 
organisms  to  deal  with  ;  happily  they  do  not  exist  in  the 
blood  ?— No. 

4328.  I  was  going  to  ask  you  as  to  your  Table  of  fer- 
mentations of  organic  acids ;  is  this  the  result  of  your 
own.  Is  it  a  statement  gathered,  or  have  you  made 
a^y  number  of  observations  yourself  ? — No  ;  this  state- 
ment is  as  I  give  it  from  Dr.  Herfeldt's  paper. 

4329.  Have  you  made  any  observations  yourself  on  the 
changes  of  these  substances  produced  by  organisms? — 
Yes. 

4330.  Have  you  used  pure  cultures  and  pure  sub- 
stances?— Well  I  have  used  pure  gelatine. 

4331.  I  mean  with  any  of  those  acids  or  salts  ? — ^No. 

4332.  You  have  not?— No. 

4333.  You  have  no  experience  as  to  how  the  pure  salts 
behave  with  regard  to  the  action  of  the  organisms  as  com- 
pared with  impure  salts  or  mixtures  ? — No. 

4334.  As  to  how  for  instance  urea  behaves  towards 
micpococi  urre  as  compared  with  urine  containing  urea  ? — 
No. 

4335.  Then  with  regard  to  what  you  were  mentioning 
to  Professor  Ramsay  in  respect  to  organisms  in  the 
effluent,  you  said  it  did  not  matter  how  many  organisms 
there  were  in  the  effluent? — ^I  said  the  quality  is  more 
important  that  the  quantity. 

4336.  Yes,  but  the  expression  was  rather  stronger  than 
that,  was  it  not ;  that  the  mere  counting  was  unmeaning  ? 
— ^Was  unmeaning,  yes. 

4337.  But  surely  it  is  undesirable  that  an  effluent  should 
be  crowded  with  organisms  ? — I  do  not  see  why  if  they  are 
all  normal  water  organisms  for  example,  they  may  be 
very  useful  lower  down. 

4338.  I  mean  if  you  have  a  large  population  there 
will  probably  be  some  black  sheep  7 — ^Yes. 

4330.  Until  you  have  ascertained  that  they  are  all  good 
men  and  true,  you  would  think  them  undesirable? — I 
flbouSd  not  condemn  it  simply  because  there  was  a  large 
quantity  on  the  chance  of  some  black  sheep  being  amon^ 
them. 

4340.  No,  but  if  you  have  a  very  large  number.  If 
Tou  take  your  effluent  and  that  effluent  is  crowded  with 
bacteria  until  you  have  ascertained  that  they  are  all  per- 
fectly harmless? — ^Until  you  have  done  that  I  think  the 
counting  is  meaningless. 

4341.  You  do  not  mean  the  counting  itself  is  meaning- 
less, but  judged  alone  ? — ^Yes,  quite  so. 

4342.  That  is  rather  a  different  statement,  is  it  not  ? — 
That  is  what  I  meant  to  imply  in  the  first  instance,  in 
the  same  way  that  the  albuminoid  ammonia  term  alone  19 
a  meaningless  term,  so  the  absolute  number  of  organisms 
in  a  sewage  is  a  meaningless  term. 


4343:  So  that  you  think  that  the  organisms  in  the 
effluent  should  be  very  carefully  examined  as  to  their 
nature  ? — I  do  not  think  that  we  ought  to  discharge  pathoi- 
genie  organisms  from  sewage  works  into  rivers — na 

4344.  That  means  that  you  think  that  there  ought  to 
be  an  examination  of  the  effluent — ^a  bacteriological  ex- 
amination of  the  effluent  in  order  to  see  if  there  are  any 
so-called  pathogenic  organisms? — Yes  any  new  process 
should  be  very  carefully  studied  with  a  view  to  see 
whether  any  pathogenic  organisms  escape. 

4345.  How  do  we  define  a  pathogenic  organism  7 — ^I  azx» 
afraid  I  am  not  a  medical  man. 

4346.  Can  they  always  be  told  by  their  morphologicaf 
features  ? — ^No. 

4347.  And  is  it  not  the  case  that  an  organism  may, 
under  certain  circumstances^  be  harmleias,-  and  under 
other  circumstances  become  pathogenic  7— Yes,  I  believe 
that  is  so. 

4348.  So  that  a  bacteriological  examination  of  the- 
effluent  is  in  your  opinion  very  desirable  ? — For  any  new 
process  certainly,  until  it  is  established  that  it  is  not  pro- 
ducing pathogenic  organiams. 

4349.  The  real  feature  of  the  process  is  the  diminution 
of  the  organisms  which  may  previously  have  been  in  the 
sewage.  The  real  beneficial  action,  with  regaid  to- 
organisms,  of  the  apparatus  is  that  the  apparatus  should 
not  allow  hurtful  organisms  to  pass  ? — That  is  so,  yes,  and 
I  think  that  by  the  alternative,  by  keeping  it  in  two 
distinct  stages,  you  insure  that  better  than  by  trying  to 
attempt  the  purification  in  one  process. 

4350.  Have  you  any  accurate  information  as  to  the 
destruction  of  these  organisms  during  the  process? — 
There  was  a  verv  long  and  elaborate  report  bv  Dr.  PickarJ 
given  at  the  Exeter  inquiry  on  that  very  subject  zrt 
typhoid  organisms. 

4351.  I  did  not  mean  so  much  that.  For  instance, 
what  becomes  of  the  mass  of  the  anaerobic  onranisms  after 
the  anaerobic  phase  of  action  is  past  and  the  sewa£:e  is 
subiected? — The  majority  of  them  remain  behind  in  the- 
first  process  apparatus. 

4353.  They  remain  behind  ? — ^Yes. 

4353.  And  the  rest? — ^The  rest  are  arrested  (lu  the  top 
of  the  first  filter. 

4354.  And  what  becomes  of  them  there,  do  you  think  7* 
— ^They  may  go  on  doing  some  work,  and  some  probablr 
finding  no  food  supply,  die  out. 

4354*.  (Sir  Bichard  Thome.)  Professor  Foster  ha» 
asked  you  a  great  many  questions  that  I  had  intended  to 
ask  you,  but  I  should  like  to  recur  to  some  of  them  just  to 
get  a  few  more  details  from  you.  You  made  a  remade  m 
answer  to  a  question  by  Prc^essor  Bamsay  to  this  effect, 
"If  a  filter  is  working  badly  pathogenic  organisms  may 
pass  through."  Did  you  ever  hear  of  a  filter,  however  effi- 
ciently it  was  working,  that  did  not  allow  pathogenic 
organisms  to  pass  through? — ^It  is  a  difficult  question  to 
answer.  When  I  talked  about  a  badly  working  filter,  i 
meant  that  a  filter  working  under  conditions  of  bad  aeration 
would  be  more  likely  to  let  pathogenic  organisms  through 
than  under  conditions  of  good  aeration.  If  you  mean  by 
a  pathogenic  organism  a  coli  organism,  I  believe  a  crh 
organism  has  been  found  in  most  of  these  filtrates. 

4355.  I  was  going  to  ask  you  what  you  meant  by 
"  pathogenic  organisms  "  ;  whether  you  had  limited  them 
to  specific  bacteria  as  such,  or  whether  you  included  spores 
— ^as  of  bacillus  enteritidis  sporogenes  and  several  others  7 
— ^No,  the  bacilli  enteritidis  sporogenes  is  an  anaSrobio 
organism,  and  therefore  is  not  likely  to  survive  a  weH 
aerated  filter. 

4356.  I  notice  towards  the  end  of  your  answer  to  ques- 
tion 4148  you  say,  "  No  pathogenic  organisms  were  found 
in  any  of  the  numerous  samples  of  Maidenhead  sewage."* 
Do  you  know  that  there  were  any  in  the  sewage  before  tiie 
process  of  treatment  was  begun  7—1  think  that  is  not  my 
own  work ;  that  is  a  quotation  from  the  late  Dr.  E^thack. 

4357.  I  notice  his  name  now  is  at  the  head  of  it,  but 
it  is  not  in  inverted  conunas,  and,  therefore,  I  did  not 
know  that  it  was  his.  Have  you  ever  known  any  effluent 
at  all  that  you  could  say  was  absolutely  free  from  patho- 
genic organisms,  including,  for  example,  the  bacillus 
enteritidis  sporogenes.  Has  any  test  been  made  which 
has  any  sewage  effluent  whatever  to  be  absolutely  free 
from  pathogenic  organisms? — Absohitely  free? — I  do  not 
think  an  effluent  absolutely  free  from  pathogenic  organ'sms 
has  been  secured  under  snv  conditions.  I  have  n«> 
evidence  myself,  and  I  do  not  remember  seeing  any  hf 
any  one. 
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4368.  Well,  has  any  determination  whatever  been  made 
aa  to  the  number  of  pathogenic  organisms  in  ordinary 
aewage  effluents  ? — ^Yes,  I  think  there  is  Dr.  Cartwiight 
Wood's  and  Dr.  Sims  Woodhead's  work  in  connection 
with  the  Exeter  inquiry. 

4359.  At  a  time  when  they  knew  that  pathogenic 
organisms  were  entering  the  sewage? — ^Tes,  the  original 
sewage  gave  these  reactions  when  inoculated  into  guinea- 
pigs,  and  then  the  effluent  from  the  septic  tank  gave  these 
reactions  with  guinea-pigs  and  rabbits,  but  the  effluent 
from  the  filter  bed,  no. 

4360.  Then  we  come  back  to  the  question  wli^t  are 
pathogenic  organisms  7 — Tes. 

4361.  Because  their  action  with  a  guinc^a^pig  is  not 
proof  of  pathogenic  microbes  ? — "So, 

4362.  Bearing  upon  that,  Professor  Foster  was  asking 
you  the  value  you  attached  to  the  number  of  organisms  in 
a  cubic  centimetre  of  an  effluent  7 — Tes. 

4363.  And  you  said  that  the  number  was  unmeaning. 
Now  I  win  take  an  actual  instance.  Here  I  have  before 
me  a  crude  sewage,  which  contains  per  cubic  centimetre 
over  4,000,000  organisms  ? — Yes. 

4364.  The  filter  effluent  after  sewage  precipitation  and 
jMsaing  through  a  tank  and  then  through  a  filter — the  ulti- 
mate effluent  only  contains  45,000.  Should  you  attach  any 
importance  to  that  or  none,  the  diminution  from  4,000,000 
down  to  46,000  ? — Well,  if  you  tell  me  it  has  gone  through 
a  filter,  I  should  say  that  the  45,000  is  obviously  better 
than  the  4,000,000;  but  if  you  give  me  one  liquid  con- 
taining 46,000*  organisms,  and  another  liquid  containing 
4,000,000  organisms,  I  should  not  be  able  to  say  whioh  was 
the  better  of  the  two  from  simply  knowing  the  number  of 
tiie  organisms. 

4365.  But  I  suppose  you  would  admit  that  there  must 
almost  necessarOy  be  certain  harmful  organisms  in  sewage  7 
—Yes. 

4366i  And  therefore  the  mere  reduction  from  4,000,000 
down  to  45,000  in  itself,  must  it  not  be  a  definite  advan- 
tage?—Oh,  I  think  so,  undoubtedly.  That  is  the  same 
liquid ;  if  the  same  liquid  shows  a  diminution  in  the 
number  of  organisms,  then  that  is  an  improvement  on  the 
liquid. 

4367.  Then    your     statement    only    refers 7 — ^To 

two  different  liquids  the  sources  of  which  I  do  not  know, 
the  one  containing  45,000,  and  the  other  containing 
4,000,000 ;  I  would  not  say  whether  the  one  containing  the 
45,000  was  better  than  the  one  containing  the  4,000,000  in 
the  case  of  two  liquids  supposed  to  be  mixed  with  sewage, 
or  whidi  have  not  gone  through  a  process. 

4368.  Well,  now  is  it  possible  that  the  diminution  in  a 
given  instance,  say,  from  4,000,000  down  to  45,000,  may 
do  harm  by  removing  a  large  number  of  organisms  which 
would  continue  their  work  for  good  in  the  stream  7 — ^Yes; 

4369.  And  from  tihat  point  of  view  the  mere  counting 
d  heads,  so  to  speak,  is  of  no  value  7 — ^I  have  already  said 
that  oounting  heads  is  meaningless,  unless  you  know  the 
value  of  it. 

4370.  But  I  mean  in  the  same  sewage  7— Well,  it  would 
depend  upon  the  character  of  the  liquid.  If  all  tiie  organic 
matter  hiad  been  consumed,  and  it  was  a  well  nitrated 
liquid  with  no  more  work  for  the  organisms  to  do, 
then  their  number  does  not  signify  very  much.  I  attach 
a  good  deal  of  importance  to  tJie  number  of  blood  heat 
organisms ;  the  ratio  of  the  blood-heat  organisms  to  the 
total  number  is  more  important  than  the  absolute  number 
of  either.  All  heat  organisms  being  capable  of  growing 
within  the  body  are,  therefore,  organisms  which  may 
have  pathogenic  characters.  Organisms  which  do  not 
grow  at  the  blood  heat  are  organisms  which  are  not  patho  • 
genie  presumably. 

4371.  No,  but  the  typhoid  organism,  for  example,  will 
glow  for  years  in  the  soil  out  of  doors  7— Yes,  but  it  wiU 
grow  at  blood  heat 

4572.  Yes,  but  it  will  grow  and  multiply  outside  iihe 
animal  body  7— Yes,  but  in  the  analysis  in  counting  it  you 
eonnt  the  number  of  organisms  that  grow  at  blood-heat, 
you  insure  in  that  number  all  the  pathogenic  organisms. 

4373.  Well,  I  notice  in  your  answer  to  Question  4142, 
you  speak  of  certain  organisms  which  finally  disappear. 
"  Such  is  the  fate,"  you  say,  "  as  a  rule  of  pathogenic 
organisms,  which  preferably  grow  at  blood  heat."  Now 
may  I  ask  if  this  is  an  assumption  that  they  finally  dis- 
wear,  or  have  you  actually  made  experiments  as  to  that  7 
No,  I  base  that  upon  the  experiments  of  Dr.  Sims  Wood- 
head  and  Dr.  Cartwright  Wood,  to  whom  I  was  referrjig 
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just  now,  and  also  Dr*  Pickaxd's  very  elaborate  ezperi-       j)r. 
ments  on   the   survival    of   typhoid    organisms  passing   S.JOdMU. 
thToug<h  the  septic  tank,  and  alK>  through  filteiB.  isFebTisog. 

4374.  Even  accepting  those  experiments,   would  that 

prove  anything  more  than  that  they  ceased  from  multipli- 
cation for  a  time ;  would  it  mean  that  they  were  killed  7— 

No ;  it  might  oidy  be  arrested. 

4375.  Would  you  attach  much  importance  to  differen- 
tiating between  organisms  whioh  do  and  do  not  liquefy 
the  gelatine  culture  medium  ? — Na 

4376.  You  do  not  7— No. 

4377.  You  make  a  good  many  references  in  your  evi- 
dence to  rivers  and  sU'eams ;  for  example,  in  answer  to 
question  4160,  where  you  speak  a  good  deal  of  the  voluoie 
of  the  stream,  what  do  you  mean  by  a  stream  7  Do  you 
mean  the  black  sewage-laden  stream,  such  as  we  gee  ia 
the  North  of  England,  or  the  trout  stream  ? — I  meant  it  t> 
be  a  general  statement. 

4378.  I  know  you  have ;  but  does  not  that  vitiate  ycUr 
conclusion  very  largely  7— I  do  not  think  so,  because  I 
have  mentioned  elsewhere  that  I  attach  a  good  deid  of  im- 
portance to  the  amount  of  dissolved  oxygen  in  such  a 
stream,  and  therefore,  of  course,  with  a  muddy  stream 
with  a  low  amount  of  dissolved  oxygen,  you  would  require 
a  greater  volume  of  it  to  deal  with  an  effluent  discharged 
into  it  tlian  if  you  liad  a  pure  stream  well  aerated,  con- 
taining its  maximum  amount  of  dissolved  oxygen. 

4379.  Then  where  you  speak  of  the  purifying  action  nf 
river  water  you  mean  a  river  water  that  is  free  from  p  1- 
lution,  I  suppose? — ^No,  because  a  river  water  containing 
only  one^  cubic  centimetre  of  oxygen  per  litre,  instead  ot 
the  maximum  quantity  of  seven,  would  be  able  to  deal 
with  a  certain  amount  of  incoming  organic  matter — only 
one  seventh  of  the  amount  that  a  well  aerated  stream 
would. 

4380.  The  whole  thing  depends,  then,  upon  your  river 
being  well  aerated?— The  total  quantity  of  oxygen  in  the 
stream,  yes.  I  give  an  illustration.  The  dissolved 
oxygen  in  the  Thames  at  the  outfall  from  Dibdin's 
figure*— London  County  Council  figures— are  -4  parta 
of  dissolved  oxygen  per  100,000,  whereas  in  the 
Exe,  which  is  a  known  manufacturing  stream,  it  is  up  to 
one  gramme.  Of  course,  it  is  obvious  there  that  the  tw3 
liquids  would  deal  with  different  quantities  of  incoming 
sewage,  even  if  they  had  the  same  volume. 

4381.  You  were  speaking  just  now  of  the  bacillus  coli, 
and  in  answer  to  question  4160  you  say  that  only  a  low 
number  of  organisms  of  the  coH  group  should  be  permis- 
sible. Why  do  you  attach  importance  to  the  numerical 
amount  of  the  bacillus  coH  in  an  effluent  7— Well,  of  course, 
the  amount 'there,  is  the  amount  of  organisms  capable  <  f 
growing  at  blood  heat,  and  the  coli  group  grow  at  the  bo<lv 
temperature,  although  they  may  not  be  absolutely  deadly  ; 
they  may  have  some  effect  for  good  or  for  eviL 

4382.  Do  you  do  more  than  regard  them  as  evidence  of 
the  effluent  still  containing  something  which  came  from 
the  alimentary  canal— from  the  large  intestine  ?— Quite  to, 
yes. 

4383.  In  speaking  of  that,  you  refer  to  ^  question  whifij 
I  think  Professor  Foster  asked  you  :  "Absolute  sterility 
in  an  effluent  is  at  present  out  of  the  question."  Do  you 
meiin  because  the  effluent  passes  into  a  stream  which  is 
possibly  abounding  in  bacterial  life?— That  is  what  L 
mean. 

4384.  Then  you  say  it  would  not  be  advisable  7—1  sa/ 
it  is  out  of  the  question  to  have  a  liquid  which  is  abso- 
lutely sterile  for  any  length  of  time.  TPhe  moment  it  goe^ 
into  the  stream  it  ceases  to  be  sterile. 

4385.  But  if  you  could  make  it  sterile  before  it  passes, 
into  the  stream  you  would  get  rid  of  all  the  containe  1 
pathogenic  organisms,  and  then  there  is  no  harm  in 
it  passing  into  a  stream  which  abounds  with  organisms. 
You  say,  "Nor  in  general  would  it  be  necessary,  or 
even  advisable."  Why  would  it  not  be  advisable?^ 
I  go  on  to  say,  of  course,  if  it  is  going  into  at  well 
oxygenated  stream-^  stream  well  supplied  with 
organisms— then  any  change  which  is  necessary,  com- 
plete final  changes  can  go  on;  but  if  it  is  going  into 
a  cut  or  ditoh,  and  is  not  going  to  be  mixed  with  fresh 
water,  so  as  to  have  a  fresh  supply  of  organisms  supplied 
to  it,  then  the  sterility  would  arrest  sucfh  complete  final 
changes  until  such  liquid  obtuned  iihe  necessary  oiganisms 
by  a  mixture  of  water  later  on. 

4386.  I  am  thinking  rather  for  the  moment  of  streams 
which  may  be  used  for  drinking  purposes,  an»^  I  was 
going  to  ask  you  this  question :  A  stream  whicb  is  used 
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for  drinking  purposes  would  probably  abound  witli  orga- 
nisms, would  it  not  ? — Yes. 

4387.  Would  it  not  be  a  very  great  boon  to  have  the 
effluent  made  absolutely  sterile  before  it  entered  such  a 
stream,  because  you  then  would  be  quite  certain  that  you 
would  add  to  it  none  of  the  pathogemc  organisms  from 
the  sewage ;  you  would  leave  ordinary  fresh  river  water 
organisms  to  continue  any  work  which  remained  to  be 
done  ? — ^Yes,  I  think  if  anyone  wishes  to  produce  a  sterile 
effluent,  and  would  care  to  go  to  the  expense,  It  could  b3 
done. 

4388.  Do  you  think  it  would  be  very  costly  ?y-In  answer 
to  Professor  Ramsay,  I  think  it  was,  I  said  I  did  not  tihink 
it  would  be  very  costly  in  the  question  cf  chlorine. 
Chlorine  reduces  the  number  of  organisms  very  quickly 
after  you  have  removed  the  organic  matter  from  the 
sewage,  after  the  organic  matter  has  been  removed  by  a 
bacterial  process,  by  means  of  the  organisms,  so  that  you 
have  a  very  small  quantity  of  orgamc  matter  left  in  the 
sewage ;  then  an  addition  of  chlorine  to  such  liquid  causes 
a  very  great  diminution  in  the  number  of  organisms.  ^  If 
you  add  the  chlorine  to  a  crude  sewage,  or  a  sewage  which 
still  contains  organic  matter,  then  that  chlorine  is  absorbed 
by  the  organic  matter,  and  you  do  not  insure  the  IdHing 
of  aQ  the  organisms  to  the  same  extent,  so  that  a  much 
smaller  quantity  of  chlorine  is  required  for  a  good  filtrate 
than  for  a  raw  sewage. 

4389.  (Professor  Foster,)  Was  the  filtrate  at  Maiden- 
head a  good  filtrate? — ^No,  it  was  bad. 

4390.  Was  there  not  a  remarkable  '^««truction  of  or- 
ganisms?— Oh,  yesw 

4391.  Although  the  filtrate  was  bad? — ^Yes,  but  then 
we  used  large  quantities  of  chlorine.  Then  it  becomes 
expensive.  You  must  keep  thecMorinedownassmaiiilas 
possible  in  order  to  make  it  practicable. 

4392.  I  rather  fancied  from  what  the  late  Dr.  Kanthack 
said  one  day  that  the  amount  of  chlorine  used  there  was 
remarkably  small? — ^Yes. 

4393.  He  was  very  much  struck  with  the  bacterial 
action  of  a  very  small  quantity  ? — ^Yes. 

4o94.  And  that  in  spit<)  of  there  being  a  very  large 
quantity  of  organic  matter  in  the  filtrate  ?— -Quite  so,  but 
they  were  b  i«l  liquids  frcan  our  point  of  view  now.  They 
were  puritie<l  sewage,  but  still  they  contained  a  very  large 
quantity  of  organic  matter.  The  Quantity  of  nitrate  was 
not  at  all  liigh  in  tnose  liquids.  They  were  chemically 
precipitated  fallowed  by  polarite  filters  which  were  not 
woricins;  very  sjitisfactorily.  One  or  two  part«  of  chlorine 
per  100,000  was  the  quantity  we  used. 

4395.  {Professor  Eamsay,)  Is  it  possible  to  regulate 
the  addition  of  chlorine  so  that  it  will  not  become  a 
nuisance  if  the  river  is  to  be  used  for  drinking  afterwards  ? 
— ^Yes  ;  we  added  the  chlorine  so  that  it  should  remain 
for  ten  minutes — so  that  an  iodine  reaction  should  re- 
main for  ten  minutes  ;  they  could  follow  it  down  for  ten 
minutes,  and  after  that  time  the  chlorine  was  used  up 
by  the  organic  matter,  but  this  gave  a  sufficiently  long 
contact  to  destroy  the  organisms  in  that  time. 

4396.  (Sir  Biehard  Thome,)  I  suppose  you  will  admit 
the  effluents  should  be  treated  differently  according  as 
the  water  lower  down  the  stream  is  to  be  used  for  drinking 
purposes  or  not,  would  you  not? — ^Yes. 

4397.  You  say  yes  in  a  very  hesitating  manner? — Yes, 
I  say  it  hesitatingly. 

4398.  Why  ? — Because  it  is  quite  possiUe  to  make  aU 
•effluents  suitable  for  drinking  purposes. 

4399.  Possibilities,  yes ;  but  we  have  to  think  of  prac* 
ticabdli€es?— That  is  why  I  said  yes  hesitatingly. 

4400.  Then  I  was  coming  to  this.  Would  it  be  prac- 
ticable, do  you  think,  to  draw  the  line  as  to  making  the 
effluent  sterile  in  the  case  of  streams,  the  water  of  which 
is  lower  down  used'  for  drinking  purposes? — ^That  is 
rather  a  big  question  ;  it  depends  so  much  on  the  stream. 
It  would  be  a  very  great  hardediip,  I  think,  to  make  all 
the  sewage  works  above  the  London  intake  to  deliver 
A  sterile  liquid.  They  have  already  spent  a  lot  of  money 
for  the  benefit  of  London  ;  I  do  not  know  why  thev 
should  be  asked  to  do  that  additional  work  as  well. 

4401.  Even  near  the  water  intakes  you  think  it  would  be 
hard  ? — ^Yes  ;  there  are  some  very  large  towns  near  the 
intakes — places  like  Maidenhead  and  Beading,  and  so  on. 

4402.  They  are  some  distance  above  the  intakes  of  the 
London  water  companies,  and  there,  of  course,  you  have 
a  vast  boilv  of  water  as  well  ? — Yes 


4402*.  Anyhow  you  do  not  care  to  express  an  opinion 
on  that  point  ? — ^No. 

4403.  (Professor  Foster.)  Do  you  remember  whether 
there  is  any  evidence  that  that  chlorine  destroyed  the 
spores  as  weU  as  the  adult  bacteria.  Was  that  point  gone 
into  in  your  inquiries,  do  you  remember? — ^Yes,  it  was 
gone  into,  and  it  destroyed  some  spores,  but  not  aH  to 
the  same  extent.  I  think  they  got  bacilli  enteritidis 
sporogenes  surviving  even  after  moderate  chlorine  doses. 

4404.  (Sir  liichard  Thome.)  In  one  part  of  your 
evidence  you  say  that  the  pathogenic  qualities  of  an 
effluent  are  ignored"  by  all  existing  standards,  and  then  yon 
go  on  to  say  that  a  very  smaU  amount  of  nitrogen  or 
carbon  if  in  the  form  of  ptomaines  would  be  Eufficient  to 
condemn  an  effluent ;  if  drinking  water  be  not  in  question, 
what  harm  do  ptomahics  do? — Well,  that  meant  to  apply 
to  the  possibilitieH  of  the  (liquid  being  drunk  afterwards. 

4405.  Thon  yon  do  diaw  a  rlistinction  between  effluents 
that  pjiiis  into  m  reams  that  are  to  be  drunk  and  those 
which  are  nut? — Yes. 

4406.  My  roiii  point  was  to  ascertain  what  significance 
you  attach  to  a  ptomaine  apart  from  a  pathogenic  organ- 
ism '/ — TUcy  arc  both  undesirable  things  to  go  into  a  water 
supply  that  is  going  to  be  used  for  drinking  purposes. 
Of  course  I  should  attach  more  importance  to  a  patho- 
genic orgrinlsir.  which  wa.s  .•apabie  of  surviving  than  to  a 
small  quantity  of  ptomaines  which  would  be  mixed  with 
a  large  quHntity  of  water  afterwards. 

4407  You  probably  know  of  no  experiments  as  to  the 
influence  of  small  quantities  of  ptomaines  passing  into 
largo  quantities  of  water  ?— No,  I  should  think  they  would 
have  very  lit*Je  influence. 

4408.  (Professor  Bamsay.)  On  fieh,  probablv  ?— Yes 
we  were  talking  about  the  drinking  supply  lower  down. ' 

4409.  (Profe.ssfpr  Foster.)  The  poisonous  qualities  of 
ptomames  are  not  so  intense  ?--No. 

4410.  (AYr  Richard  Thome.)  You  speak  of  fish  every 
Il^r^ifu  '"^  '  ^^  you  atuch  the  smallest  possible  valus 
to  a  fish  being  ab.e  to  live  in  an  effluent  ?— I  do  not  think 

cert^^'^  ^^  '  ^*  ^'  ^^  ^  absolutely  certain  test 

4411.  Is  it  not  notorious  that  you  can  have  any  number 
of  fash  living  in  i  stream  at  the  outfall  effluent  and 
find  the  banks  of  that  stream  below  simpiy  laden  with 
sewage  fungus  ^-I  say  here  :  "  WhUe  an  effluent  which 
kills  fish  18  obviously  unhealthy,  it  does  not  foa<nr  that 
one  where  fish  will  live  is  therefore  a  good  one.  It 
18  well  known  that  fresh  water  fish  are  gross  feeders,  and 
fish  in  large  numbers  are  often  seen  to  congregate  at  the 
mouths  of  sewers  where  faecal  matter  is  visibly  floating, 
being  ^tracted  by  the  fragments  of  foods  and  insects 
carried  down  by  the  sewage.  Fish,  in  fact,  are  more 
affected  by  muddy  water  and  by  chemicals  from  factories 
than  by  excreta." 

4412.  (Professor  Bamsay.)  Would  you  not  regaid  fish 
as  simply  a>  test  for  oxygen  ?— Yes. 

4413.  (Sir  Biehard  Thxtme.)  It  was  the  fact  of  your 
having  quoted  it  twice  that  led  me  to  ask  you  that  I 
have  omy  one  other  question  I  think,  and  I  am  not  at 
aU  sure  that  that  part  has  not  been  akeady  made  dear 
by  Professor  Foster^s  inquiries.  May  I  take  it  that 
you  consider  that  the  beet  method  of  dealing  with  sewage 
IS  after  tiie  removal  of  the  coarser  solid  matters  that  l£s 
sewage  should  first  be  dealt  with  by  anaerobic  organisms? 
--1  put  it  m  this  way,  the  coarser  particles  I  bsKeve  are 
deait  with  by  the  anaerobic  process,  but  if  vou  are  soine 
to  remove  the  coarser  particles  first—       * 

4414.  Pardon  me,  when  I  said  coarser  particUs  I  mesni 
veiry  krge  sohds  ?--You  generally  have  a  screen  to  keep 
back  very  large  sohds— sewage  solids.  ^ 

4416.  Ordinary  sewage  solids  ?— Paper  and  ffsces. 
^16.  That  the  ordinary  sewage  solids  should  be  dealt 

wia  anafirobically  first,  and  then  afterwards  aerobicaUy  ? 

4417.  Tlien  if  that  be  so,  does  not  the  "resting  full" 
of  a  filter  dimmish  the  number  of  the  aerobic  or^inisms? 

j.^^?,-^*^'  ^^  *^®  «>**®r  hand,  the  "resting  empty" 
diminish  the  number  of  the  anaerobic  ones  ?--?€«. 

4419.  Well,  does  not  that  oscillation,  so  to  speak,  be- 
tween "resting  fuU,"  and  ^'resting  empty"  go  f w  to 
defeat  the  very  object  of  the  filter  ?— Yes. 

4420.  That  is  one  of  the  points  you  wish  to  make?- 
Yes.  and  the  analyses  of  such  filters  never  give  very  high 
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mtiatfls.  I  hare  never  found  more  than  two,  three,  or 
four  nitric  nitrogen  from  euch  filters,  and  very  frequently 
you  find  no  nitratee  at  all  from  such  filters. 

4421.  Then  you  would  rather  have  a  system  in  which 
the  anaerobic  work  is  always  done  eepairately  under 
uniform  conditions? — ^Yea. 

4422.  And  the  same  again  with  regard  to  the  aerobic? 


4423.  You  know  Colonel  Ducat's  filter  9— Yes. 

4424.  Where  is  ihe  anaerobic  work  done  there? — I  do 
not  know.  I  beUeve  that  the  sewage  there— a  good  deal 
of  it — ^has  already  undergone  anaSroibic  treatment  in  the 
sewers  before  it  arriyes  at  the  filter,  and  that  the  anaerobic 
changes  that  take  place  must  take  place  right  at  the  top 
of  the  filter,  in  the  centre  and  at  the  top  of  the  filter,  if 
there  are  any  such  changes  taking  place. 

4425.  I  rather  anticipated  that  answer.  Well,  now,  if 
jour  view  be  correct  as  regards  that,  what  becomes  of 
the  anaerobic  process  if  it  has  not  already  taken  place  in 
the  sewers,  when  you  put  sewage  directly  upon  the  land  by 
broad  irrigation  ? — ^You  have  then  those  lumps  or  masses  of 
solids  which  can  also  undergo  anaerobic  treatment,  because 
although  they  are  in  the  air  it  does  not  follow  that  it  will 
be  an  aerobic  acti<m  taking  vlace  ;  they  may  be  surrounded 
wkh  a  film  of  carbonic  acid  and  an  anaerobic  change  will 
be  taking  place  in  the  centre. 

4426.  But  thai  resolu>don  of  solids  which  is  the  main 
object  of  the  anaerobic  process  is  practically  lost,  is  it  not, 
in  the  land  treatment? — ^Yes,  and  you  get  it  remaining 
for  a  very  long  time  on  the  surface  of  the  land  in  broad 
irngatioxi. 

4427.  Ib  that  one  of  the  reasons  why  you  consider  these 
septic  processes,  as  they  are  called,  so  superior  to  land 
trestment? — ^Yes,  there  is  a  very  long  delay  before  such 
solids  disappear  in  broad  irrigation.  They  would  dis* 
appear  quickly  if  they  were  buried  beneath  tiie  surface. 

4428.  And  if  thaft  process  has  to  take  place  on  the  surface 
of  the  land,  would  there  bo  risk  to  the  stream  on  th<i 
ooeasiou  of  heavy  rainfall  washing  the  material  into  it  ? — It 
washes  it  off  the  surface  of  the  land  into  the  stream  un- 
tresied. 

4429.  {Mr.  KiUick.)  I  i^nk  that  the  whole  <^  your 
evidence  hss  been  given  on  the  assumption  that  the 
amount  of  puxifioation  in  an  effluent  is  sufficient  to  make 
it  a  drinking  water? — ^Yes,  I  have  tried  to  show  how  the 
best  effluent  can  be  obtained. 

4430.  T>o  you  think  that  such  a  final  effluent  could  be 
obtained  from  tJie  sewage  effluents  in  the  manufacturing 
towns  in  the  Korlb  and  the  Midlands? — It  is  a  question 
of  money. 

4431.  It  18  a  question  of  money? — ^Yes. 

4432  But  if  the  question  of  money  prevented  such  an 
effluent  being  turned  out,  you  would  want  a  different 
standard  in  thai  district  from  the  standards  which  you 
adopt  for  drinking  water? — ^Yes. 

4433.  Then  it  is  possible  thai  practically  we  come  to 
tiiis  position,  that  the  treatment  of  sewage  for  the  pur- 
poses of  purifying  rivers,  and  the  treatment  of  sewage 
for  the  purpose  of  turning  it  into  a  stream  that  is  used  for 
drinking  purposes  might  be  separated  ? — Yes ;  I  think  in 
esses  Hke  the  Aire»  where  no  one  wants  to  drink  the 
water,  cMie  could  have  a  very  different  standard  to  that 
where  it  is  abeolutely  necessary  to  drink  the  water  below. 

4434«  At  the  present  time  I  do  not  know  if  you  know 
that  there  is  no  systematic  dealing  with  the  rivers  in 
England  except  in  the  cases  of  the  lliames,  the  Mersev, 
the  Babble,  and  the  West  Hidings  Board  ?— Yes. 

4436.  So  that  the  recommendation  of  standards  to  make 
effluents  drinking  water  would  probaibly  arrest  the  work 
thsi  is  being  done  and  prevent  any  further  work  being 
•  '  on?— Yes. 


4436.  You  speak  of  using  an  amount  (^  chlorine  as  a 
test,  but  that  would  be  sffected  not  only  by  the  yrater 
supply  of  the  town,  but  by  the  subsoil  of  the  water  of 
the  town  and  by  manufacturers'  effluents  ? — ^Yes. 

4437.  Then  probably  it  would  be  more  unreliable  than 
either  the  oxygen  absorbed  or  the  albuminoid  ammonia? 
— Oh  1  I  never  attaohed  any  importance  to  chloride  as  a 
standard.  Chloride  as  a  standard  would,  I  think,  Jihow 
first  that  the  nitrogen  should  bear  some  relation  to  the 
chloride  if  that  chloride  has  not  been  mixed  with  manu- 
fiwtunng  refuse. 
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4438.  (Colonel    Harding.)  You    will   appreciate   how       JO^ 
interesting  it  must  be  to  this  Commission  to  be  guided  as   ^  _^^' 
to  the  first  process  of  artificial  filtration,  whether  it  should  i6Feb.  \tm. 
be  aerobic  or  anaerobic  ? — Yes. 

4439.  You  have  expressed  an  opinion  in  favour  of 
anaerobic  treatment  as  a  first  process  ? — ^Yes. 

4440.  And  I  suppose  I  may  take  it  from  your  answer 
to  Professor  Foster  that  that  is  in  part  due  to  your  atten- 
tion having  been  specially  called  to  the  Exeter  septic  tank 
Axperiments  and  to  Mr.  Scdtt-MoncriefTs  ? — Yes. 

4441.  And  to  your  ex*.«orience  of  the  experiments  at 
Leeds  being  simply  at  seoocd-hand  ? — Yes. 

4442  But  assuming  that  the  reports  in  regard  to  Sutton 
and  in  regard  to  Leeds  are  rd^^ble  ? — ^Yes. 

4443.  I  take  it  that  you  havn  no  personal  knowledge  in 
regard  to  them? — No. 

4444.  It  is  evidrait  that  there  is  a  considerable  degrada- 
tion or  breaking  down  of  solids  i^  suspension  by  a&robio 
action  in  rough  filters  or  rough  beds? — Well,  it  is  a 
question  of  words.  There  is  undoubtedly  an  action,  a 
disintegrating  action,  and  improvement ;  the  first  filters, 
the  coarse  bed  filters,  do  work ;  they  destroy  the  organic 
matter,  dissolve  the  organic  matter,  but  to  call  it  aerobic 
I  am  not  quiteiprepared  to  agree  with  you.  I  have  already 
said  that  the  process  ib  one  which  does  not  require  sir. 
There  is  no  absorption  of  oxygen,  and  if  the  aerobes  had 
been  bringing  about  the  change,  they  have  been  bringing 
about  the  chuige  in  spite  of  the  air  conditions^  or  in  spite 
of  the  fact  that  they  are  aerobes. 

4445.  But  do  you  assume  that  in  the  intermittent  roagh 
bacteria  bed  the  action  is  to  any  extent  anaerobic? — ^An 
anaerobic  change  inasmuch  ss  it  is  not  an  oxidation  which 
takes  place  in  i£e  first  instance  ;  it' is  a  hydrol^tic  change. 

4446.  But  is  not  the  anaerobic  action  to  be  gauged  to 
some  extent  by  the  result  of  the  gases  ?— I  will  put  it  in 
this  way :  in  order  to  get  nitrate^  in  order  to  produce  a 
nitrate,  which  is  the  final  thing,  you  must  get  ammonia 
from  your  raw  sewage.  Now  to  got  ammonia  from  raw 
sewage  you  do  not  require  any  oxygen,  because  there  ia 
no  oxygen  in  ammonia,  so  that  the  first  thing  that  must 
be  done  from  a  chemical  consideration,  apart  from  whether 
it  is  done  by  anaerobes  or  a&robes,  is  the  production  of 
ammonia. 

4447.  (Profestor  Foster.)  But  what  is  the  evidence  thai 
ammonia  cannot  be  produced  save  under  anaerobic  eon> 
ditions  ? — Qh  I  I  do  not  say  that  it  cannot  be  produced, 
except  under  anaerobic  conditions.    What  I  say  is  thai- 
the  oxysren  is  not  required  to  produce  the' ammonia. 

4448.  Yes,  but  that  is  not  quite  the  point.    I  mean  the 
point  is  whether  the  absence  of  oxygen  is  essential  for  the 
production  of  the  antecedent  phase  of  ammonia? — ^No,  I 
have  never  said  that  it  was  essential,  but  I  say  diat  it  is . 
not  required. 

4449.  (Colonel  Harding.)  1  gathered  that  your  obje<>- 
tion  to  the  intermittent  rough  filtration  was  that  yr-m  had 
there  opposing  actions  of  aerobic  and  anaerobic  organisms  V 

^^— X  es. 

446a  And  that  you  thought  it  would  be  better  to  have 
a  continuous  action  of  anaerobic  organisms  than  this, 
osoillating  action?— Yes. 

4451.  But  how  do  you  reach  your  conclusion  that  the 
action  is  adrobic  and  anaerobic  ;  under  such  conditions 
do^^not  «»e«>bic  «tion  bring  about  mlodorou,  g«.«r 

4452.  And  may  not  the  absence  of  such  malodorous; 
gases  be  taken  to  some  extent  as  a  rough  test  that  anaerobic- 
action  is  not  tsking  place?— No  ;  the  gases  are  n«>t  very 
malodorous  in  small  quantities,  such  as  would  be  produced 
in  such  a  filter.  If  ammonia  is  produced  you  can  smell 
the  ammonia  in  such  a  filter. 

4453.  Because  the  smell  from  a  rough  bacteria  bed 
when  it  is  dug  down  is  not  offensive  ;  tJiere  is  no  putridity  ? 

4454.  It  is  more  of  an  earthy  character?— A  fresh  septic 
tank  liquid  is  not  an  unpleasant  liquid. 

4455.  Always  the  gases  arising  from  Mr.  Cameron's 
septic  tank  are  somewhat  objectionable  ?— The  gasos,  yes. 

4456.  Well,  it  is  a  very  important  point  in  deciding 
whether  the  first  stage  of  bacterial  treatment  should  be 
anaerobic  or  adrobic  to  consider  whether  the  production 
of  malodorous  gases  would  really  on  a  large  scale  be  very 
objectionable.    At  Exeter  you  have  an  experimei»  on  a 
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Dr.       small  scale,  but  suppose  you  were  treating  the  sewage 

S,  'Rid4ai.    Q^  half  a  million  people,  would  not  the  produce  of  methane 

iB'Fsb.  1800.  really  be  very  considerable  and  possibly  cause  a  nuisance  ? 

4457.  It  would  be  valuable,  yes  ? — As  a  heating  gas. 

4458.  But  would  there  not  be  a  somewhat  serious  ele- 
ment of  danger  in  the  very  large  production  of  methane 
under  these  circumstances? — Oh,  no  more  danger  than 
there  is  in  a  gas  works. 

4459.  Quite  so.  That  is  to  say  that  the  tanks  them- 
selves would  have  to  be  very  carefully  constructed,  with 
the  view  to  preventing  mixture  of  air  and  methane  ? — ^Yee. 

4460.  And  if  that  were  done  on  a  very  large  scale  it 

might  involve  a  somewhat  seriois  expense? — ies,  but  it 

is  a  very  valuable  asset,  I  believe.    With  regard  to  the 

malodorous  character  of  the  gases  even  under  anaerobic 

changes,  I  have  frequently  noticed  in  these  upward  filters, 

such  as  the  Scott-Moncrieff  upward  filter,  no  smell  at  t(he 

top  of  them,  so  that  there  you  have  an  obviously  anaerobic 

-change  taking  place,   ana  yet  the  gas  produced  going 

through  an  upper  layer  of  fluids  has  not  been  unpleasant 

at  all  to  the  nose. 

4461.  But  surely  those  experiments  are  on  a  very  small 
:-scale,  are  they  not? — Caterham  is  on  a  population  about 

the  same  size  as  Exeter. 

4462.  And  you  have  not  noticed  any  malodorous  gases 
.  arising  in  that  case  ? — ^No. 

4463.  Have  you  any  experience  of  septic  action  in  open 
tanks — ^uncovered  ? — No  ;  but  I  have  read  descriptions  of 
processes.  I  quite  believe  that  septic  action  does  take 
place  in  the  open  tank  which  is  uncovered,  provided  the 
linuid  is  very  still  at  the  top,  and  covered  over  with  a 
felt.  There  is  a  process  in  Church  Accrington  which  is 
now  being  tried  for  which  is  claimed  that  it  is  anaSrobic. 

4464.  Have  you  seen  that  experiment  yourself  ?— No  ; 
I  have  not  seen  that. 

4465.  It  is  stated  that  they  have  been  running  an  open 
sootic  tank  there  for  for^  weeks,  and  dealing  with 
1,000,000  gallons  a  day  ?— i  es,  I  can  quite  believe  it. 

4466.  This  question  of  the  production  of  objectionable 
:  gases  is,  ci  course,  rather  a  vital  one  in  connection  with 

your  proposal  to  deal  anaerobically  in  the  first  instance 
with  sewage? — ^Yes. 

4467.  Now,  passing  on  to  the  second  process  of  iiltra- 
ti(^n  you  have  alluded  to  Mr.  Scott-Mbncriefifs  series  of 
trays,  and  I  think  alluded  to  them  with  approval  ?— Yes. 

4468.  As  affording  facilities  for  the  classification   of 
-  organisms  ?— Yes, 

4469.  But  do  you  not  think  exactly  the  same  results 
would  take  place  under  Colonel  Ducat's  ? — ^Yes. 

4470.  So  that  really  the  only  advantage  of  having  a 
.  system  of  trays  is  a  certain  facility  for  obtaining  samples 

.at  different  depths  ^Yes ;  the  two  ^teis  are  very  simi- 
lar. Yes,  and  the  results  should  be  similar.  What  has 
jsurprised  me  is  that  Colonel  Ducat  has  not  given  in 
evidence  the  large  nitraites  iHiich  have  been  produced 
by  his  filter.  I  should  have  thought  that  they  would 
.have  been  produced. 

4471.  (Professor  Bamsay.)  We  have  found  large  quan- 
tities of  nitrates?— I  have  been  very  much    surimaed 

at  the  figures  he  has  s^wn  me,  and  Dr.  Houston's  figures 
have  only  been  such  small  nitrates — ^two  and  three  parts 
per  100,000. 

4472.  {Colond  Harding,)  Do  you  remember  the  figures 
'>f  nitrates  ? — ^The  only  ones  are  Dr.  Houston's,  given  me 
hy  Colonel  Ducat,  and  the  highest  I  think  was  about 
Miree  of  nitric  nitrogen.  With  that  Hendon  sewage  it 
would  certainly  go  up  to  six  or  seven. 

4473.  {Professor  Foster.)  We  have  found  from  five  to 
gix?— That  is  what  it  ought  to  do.  I  am  very  glad  to 
hear  it. 

4474.  (Colonel  Harding.)  I  should  like  to  know  whether 
you  have  formed  any  opinion  as  to  the  effect  of  tempera- 
ture upon  bacterial  action.  For  instance,  you  are  putting 
on  a  bed  sewage  at  a  temperature  of  65  in  summer ;  is  the 
action  distinctly  more  rapid  than  it  would  be  in  winter? 
—Yes;  I  think  so.  You  find  more  nitrates  produced  in 
summer  than  in  winter,  and  I  believe  the  first  change  is 
more  rapid  also  under  warm  conditions.  The  sewages  re- 
cently that  I  have  been  having,  containing  large  quantities 
rif  ammonia  from  Caterham  with  twenty  of  total  nitrogen, 
have  only  come  up  to— the  highest  have  been  10  to  11  of 
oxyclised  nitroijen.  That  is  passing  through  these  trays 
1,:  'Scfrbt-Moncneff's,  give  11  out  of  20,  a  little  more  than 
'lalf  the  nitrogen,  and  that  has  been  in  frosty  weather. 


I  am  in  hopes  that  when  the  wej(ther*  becomes  wanner ' 
there  will  be  more  nitrification.  One  wanted,  of  course, 
the  20  of  ammonia  converted  into  20  of  nitric  acid,  but 
this  11  has  only  been  obtained  in  winter  time.  Of  couiae 
it  may  be  that  the  size  of  these  filters  at  Caterham  are 
only  sufficiently  large  for  the  number  of  organisms  that 
can  consume  up  to  11  of  ammonia,  and  that  he  will  have  to 
increase  the  number  of  filters  there,  or  the  number  of 
trays  in  order  to  get  higher  results,  because  that  sewage 
has  contained  so  much  ammonia — 20. 

4475.  Now  in  regard  to  the  presence  of  organisms  in  the 
filtrate,  the  organisms  in  a  filtrate  may.  in  your  opinion, 
be,  as  I  think  Siir  Bichard  Thome  rather  suggested,  in 
certain  cases  valuable  as  possible  evidence  of  pzobable 
further  purification  ? — Yes. 

4476.  Are  there  no  instances  where,  owing  to  certain 
chemicals  being  added  for  precipitation  purposes,  an  anti- 
septic action  arises  which  prevents  the  development  of 
organisms  in  a  filtrate,  or  in  some  cases  absolutely  does 
awav  with  the  presence  of  organisms  in  the  filtrate  ?— That 
is  so,  I  believe. 

4477.  In  such  cases  it  does  not,  of  course,  follow  that 
because  such  a  filtrate  is  free  from  organisms  it  is  neces- 
sarily better;  it  may  possibly  be  worse,  may  it 
not,  than  another  effluent  which  does  contain  organisms! 
—Oh,  yes,  I  think  that  was  shown  in  that  Manchester 
report,  after  the  Manchester  Rivers  Committee  of  the 
Town  Council  visited  those  different  works,  and  the  work 
was  done.  It  showed  that  many  of  those  'liquids  which 
had  been  chemically  precipitated  failed  to  nitrify  in  the 
filters,  and  I  fancy  tbat  that  can  be  exolained  bv  the 
fact,  ns  I  mentioned  before  to  Professor  Foster,  that  the 
chemicals  added  actually  sterilised  that  liquid,  and  as 
+here  was  no  nitrification  in  the  filter,  those  liquids  would 
be  very  bad  liquids  indeed,  still  containing  the  organic 
matter  unchanij[ed,  except  that  which  had  been  removed 
by  precipitation. 

4478.  But  for  this  reason  I  suppose  that  putrification 
would  be  arrested,  and  that  on  dilution  it  would  proceed? 
— On  dilution  with  river  water  you  would  have  it  all 
over  again,  and  you  would  have  a  veiy  bad  state  of  affaixa. 

4479.  (Sir  Eichard  Thome.)  1  think  you  understood 
my  question  as  referring  to  rendering  sterile  the  effluent, 
not  the  addition  to  anything  before  it  went  through  a 
filter?— Yes,  I  usually  talk  about  'liquids  frwn  fikexs  as 
filtrates.  Of  course,  .effluent  xnay  be  a  first  process  pro- 
duct or  a  final  process  product. 

4480.  Then  I  should  like  to  say  that  my  question  had 
reference  solely  to  a  filtrate,  and  not  to  anything  which 
was  going  to  pass  through  a  filter  ?— To  a  filtrate,  yea. 

4481.  (Colonel  Harding.)  There  is  a  small  point,  it  may 
possibly  not  be  of  much  importance,  but  in  regani  to  the 
value  of  the  physiological  test  of  keeping  fish  in  an 
effluent,  you  spoke  to  us  in  your  first  examination  of  the 
possibility  of  fish  living  near  the  mouth  of  sewers ;  but 
in  that  case  would  it  not  be  largely  because  they  can 
retire  into  the  purer  waters  from  time  to  time ;  that  they 
endure  the  sewage  conditions  just  as  human  beings  do  the 
bad  atmosphere  of  a  badly  ventilated  and  crowded  room 
for  a  while  ? — ^I  think  it  is  a  question  of  the  oxygen  in  the 
water.  If  the  effluent  is  discharged  into  a  river  water 
which  contains  some  free  oxygen,  the  fish  can  Hve  and  go 
right  up  to  that  crude  sewage.  In  your  case,  in  the  Leeds 
case,  as  the  liquid  is  discharged  it  comes  into  contact  with 
air  afterwards ;  assuming  that  no  change  has  been  tak^ 
place  it  is  aerated  where  the  fish  are  living. 

4482.  But  would  you  consider  that  quite  a  valneleaa 
test  to  see  whether  fish  will  live  for  weeks  or  months  oir 
years  in  the  effluent ;  it  is  unmixed  with  river  water  ct 
any  kind? — ^I  would  not  rely  upon  the  fiah  living  in  my 
drinking  water  supply  aa  the  sole  test. 

4483.  No  ;  we  ar<3  not  speaking  of  the  sole  teat,  but  la 
it  not  so  far  as  it  goes  a  useful  test? — ^It  simply  ahtfwa 
that  there  is  oxygen  present  in  the  liquid. 

4484.  That  is  valuable  ?— -Yes. 

4486.  And  it  also  shows  that  there  are  no  elementa 
antagonistic  to  life  ? — ^Yes. 

4486.  It  is  a  sort  of  superficial  test  that  if  fish  and 
vegetation  can  exist  in  such  an  effluent  undiluted  with 
liver  water  it  may  be  safely  turned  into  the  river?— 
Yes  ;    hat  depends  on  the  meaning  of  the  term  "safely.** 

44  .  I  am  speaking  of  a  stream  which  is  not  to  be 
used     .    drinking  purposes  ?— That  kind  of  stream,  yes. 

44So  In  yonr  studies  of  the  bacteriology  of  the  subject 
have  yciu  come  to  any  conclusion  as  to  the  possibility  of 
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inoenlttUag  filten  vith  anp  apedfid  organiflms  wliiok  oiay 
be  uaelol  for  mtnficstiaa  or  otkerwise^i-^tNo,  I  do  not 
think  that  aeems  to  be  possible';  th^  would  «oon' be 
ooBtamiiiated  "with  the  organieoM  in  the  eemige,  and  it 
i#  reiy  difficUt  to  aeer  how.  a  ptue  cvM^ation  could  be 
obtained  and  maintain  it ;  yott  can  obtain  a  pure  cultiya- 
faoBL,  but  not  easily  maintain  it. 

4480.  You  would  rather  have  conditiona  as  in  the  traja 
of  Mr.  Seott-Moncrieff  1^ — ^tn  a  somewhat  similar  indusixy, 
the  bateing  of  leather,  the  organisms  have  been  isolated 
from  dung,  and  the  enzyxea  produced,  and  patents  have 
l>een  taken  out  by  Messrs.  Popp  and  Becker  for  the 
«niyme6  from  sh<)ep's  dung,  and  these  are  being  used 
for  bateing  leather  in  Germany.  Of^  course,  formerly, 
there,  the  bateing  of  the  leather,  which  is  a  very  similar 
thing  to  the  limiefaction  of  the  organic  matter,  has  been 
done  by  the  mob  of  oiganiems  exisSn^  in  the  dung,  or  by 
the  enzymee  from  that  mob  of  organisms ;  now  ^ey  are 
tcying  pure  enzymes  in  order  to  hasten  the  process. 

4490.  And  you  think  it  would  be  a  more  promising  way 
to  tiy  and  bring  about  certain  conditions  than  to  actually 
inoculalte  with  specific  organisms?— I  think  it  might  be 
possible  to  produce  the  enzymes  in  large  quantities  in  a 
separate  tank,  and  introduce  them  into  the  first  filter  or 
the  coarse  filter  gradually  as  the  sewage  came  down  so 
t»  to  increase  the  rate  at  which  the  liquefaction  takes  place. 

4491.  (Major-Oeneral  Carey.)  Have  you  made  any 
experiments  yourself  as  to  the  effect  of  'nassincf  a  large 
▼oiume  of  storm  water  through  bacterial  filters  ?— I  have 
l)een  down  at  Exeter  after  very  heavy  storms,  and  I  have 
noticed  the  change  that  takes  place. 

4492.  Were  they  passing  the  whole  of  the  storm  water 
throui^h  the  filters  with  the  sewage  ?— No,  I  do  not  know 
that  tlhcy  have,  but  about  double  the  normal  volume  was 
passed  through  the  septic  tank  when  I  have  been  there. 


4493.  And  tlie  filters? — ^And  consequently  the  filterSr  >    Dr.**' 
The  fikera  have  worked  in  two  to  three  hours  instead  S^mMtidx 
of -five  to  six  hours  with  very -poor  tesuitw.  -^  isFttLiM 

4494.  That  if  up  to  twice  or  three  times  the  vo^ime  ct 
the  dry  weath<  r  ttow  ? — ^About  twice  the  volutoe. 

4495.  Withv^ut  any  injury  to  the  bacterial  filters? —  ^ 
Without  any  permanent  injury.     Of  course  it  is  injurious  • 
from,  the  point  of  view  of  that  particular  filtrate,  because 
the  lesuits  have  been  unsatisfactory. 

4496.  But  tlte  filters  after  the  storm  were  able  to  deal 
with  th«»  normal  flow? — ^Yes. 

4497.  As  well  as  they  did  before  ?— Yes  ;  and  in  the  . 
tank  it  takes  some  little  time  to  right  itself  again,  for  . 
the  organisms  to  giow  back,  but  in  the  upward  filter,  such 
as  a  Scott-Moncrieff  filter,  where  the  organisms  are  resid-  ' 
ing  ou  the  surface  of  flints  or  stones  in  the  same  way  as. 
they  reside  on  the  surface  of  coke  on  the  filters,  then  the 
passage  of  storm  water  would  have  a  less  disturbing  effect 
I  take  it  than  in  the  septic  tank  where  there  is  no  such. . 
surface. 

4498.  Would  you  consider  it  necessary  to  give  the  storm 
water  and  the  sewage  up  to  a  certain  volume,  say,  twice 
or  three  times  the  dry  weather  flow,  the  same  period  of 
rest  as  if  the  dry  weather  flow  was  treated  separately : 
that  is  to  say,  supposing  the  twenty-four  hours  were 
divided  into  three  cycles  of  eight  hours  each,  allowing  to 
the  filter  after  being  emptied,  four  hours  rest,  would  you 
consider  it  advisable  or  necessary  to  give  the  sewage  and 
storm  water  the  same  period  of  rest  as  if  crude  sewage  alono 
was  passed  through  those  filters  ?— I  think  the  period  of 
rest  should  simply  depend  upon  the  volume  and  time  of 
contact,  not  with  regard  to  the  absolute  amount  of  work 
done  by  the  hquid  ;  that  is  to  say,  if  you  have  a  liquid 
which  is  twice  the  volume,  that  is  to  say,  half  as  dilute 
unit  volume  would  require  the  same  time  of  rest  in  either 
case. 
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S£V£irT£j:NTH    DAY. 


Thursdaif,  l^th  February,  1899. 


*         t 


PRESENT: 


Sir  Richard  Thorns  Thorne,  k.c.b.,  f.r.8. 
Professor  Michael  Foster^  p.r.8. 
Professor  William  Ramsay,  f.r.s. 
Major-Gen.  CojNstantine  Phipps  Carey. 


The  Ewl.of  iDDKaLBiOH  {Chairman,  prending). 


Dr.  James  Burn  Russell. 
yplonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Kiluck. 
Mr.  Charles  Phiup  Cotton. 


Mr.  F.  J.  Willis,  Secretary. 


Mr.  Baldwin  Latham,  called  in  ;  and  Examined. 


4499.  You  are  a  Civil  Engineer,  practising  at  West* 
ininsteri  a  Member  of  Uie  Institution  of  Civil  Engineers, 
Member  of  the  Institution  of  Mechanical  Engineers, 
jbellow  of  the  Geological  Society,  Past  President  and 
Member  of  the  Council  of  the  Royal  Meteorogical  Society, 
I<  ellow  of  the  Royal  Statistical  Society,  Fellow  and  Mem- 
ber of  the  Council  of  the  Sanitary  Institute,  and  of  other 
Societies  ? — ^Tee. 

4500.  You  have  been  in  practice  for  upwards  of  thirty- 
flv^  years  as  a  Sanitary  and  W^aterworks  Engineer,  and 
have  had  very  considerable  sxperienoe  in  all  matters  relat- 
ing to  the  disposal  of  sewage  ? — Yes. 

45(H..  During  that  period  you  have  had  experience  with 
various  processes  which  have  been  brought  out  for  ^e 
treatment  and  disposal  of  sewage  ?— Yes. 

4502.  You  have  constructed  many  works  for  the  dia- 
poaal  of  sewage  in  various  parts  oif  the  country  and  abroad, 
both  on  the  broad  irrigation  method,  the  intermittent 
titration  method,  and  various  chemdcal  methods,  and 
combinations  of  cheipic«i  n^ethods  with  land  irrigation 
and  filtration  7 — ^Yes. 

4603.  You  have  been  engsged  in  various  inquiries  with 
relerenee  to  sewage  disposal? — ^Yee. 

4504.  You  have  had  the  entire  engUK'tjring  charge  of 
thd  inquiry  carried  out  by  the  Royal  Commission  on 
Th runes  Sewage  DUcV'O''*,  in  1882  and  1883,  acting  for 


the  Corporation  of  the  City  of  London  as  the  Port  Sani- 

tary  Authority? — ^Yee.  ^^ 

4505.  Can  ycu  give  us  any  general  sketch  of  your  ^•-^^•* 
views  on  the  sewuge  question  ?— There  has  always  beeni8F«b.i8«. 
considerable  rivahy  amongst  the  advocates  of  patent  pro- 
cecses  as  distinguished  from  natural  or  land  processes, 
and  much  of  the  want  of  success  attending  the  purifica- 
tiou  m  the  past  has  been  due  to  the  advocacy  of  mere 
chemical  processes  as  distinguished  from  natural  processes 
for  the  puq)08e  of  purifying  sewage.  Sewage  can  be  per- 
^ly  punhed  bv  its  direct  appUcation  to  land,  but  it  is 
desirable  that  where  land  treatment  is  followed,  the  solid 
matters  in  the  sewage  ehpuld  not  be  passed  on  ti  the  hind 
with  the  hquid,  otherwise  it  is  found  that  such  matter 
decomposing  on  the  surface,  is  destructive  to  tiie  crop, 
and  is  liable  to  be  a  nuisance,  especially  at  certain  seas^ 

^l^V^^A  ^^^^^  '**  considerable  difference  in  the  quaH- 
ties  of  lands  which  are  suitoble  for  the  purposes  of  direct 
apphcation  of  sewage.  Porous  gravelly  subsdl  ,rith  a  fSly 
retentive  s^il  on  the  surface  is  without  doubt  the  moX 
effectual  tor  disposing  of  large  quantities  of  sewage.  oL 
the  other  hand  clay  soils  are  those  least  adapW  to  th^ 
purification  of  sewage.  Moreover,  a  clay  soil  has  the  ^eat 
disadyantege  as  pointed  out  many  ^rs  ago  ^St 
without  any  purification.  umma 

This  was  clearly  exempKfied  in  the  cass  of  the  Norwood 
farm  of  the  present  Croydon  Co-^Jon,  vhkl  iiTSid 
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jfr.  '  out  hj  me  in  18o^  and  1864.  The  land  was  found  to 
J.  Lmiham.  be  drainedi,  and  it  was  looked  upon  at  that  time  as  advan- 
aSMbbiflW.  ^^0^  ui  the  diftposal  of  sewage,  the  land  being  a  stijS 
'  clay,  in  fact  London  clay,  with  a  very  alight  covering  of 
clayey  soil  on  the  suiface. 

^  soon  as  the  sewage  was  applied  to  the  suiface  of 
thia  land  it  w«it  direct  into  the  diains  without  any  purifi- 
cailaoa. 

Subsequently  altexations  were  made  in  the  drains,  and 
portions  of  the  land  were  redrained  with  the  idea  of  re- 
moving the  drains  as  far  as  possible  from  the  distributing 
carriers  of  the  sewage,  but  after  yarious  altetrations  in  the 
drainage,  at  whatever  points  the  drains  were  located  with 
reference  to  the  distribution  of  the  sewage,  it  was  found 
that  the  sewage  passed  direct  into  the  drains  without 
purification,  but  ultimately  the  whole  of  the  drains  were 
removed  from  the  land,  and  when  that  was  done  a  pure 
effluent  was  secured,  and  the  farm  had  been  worked  satis- 
faotorily  now  for  considerably  over  thirty  years,  producing 
a  yery  pure  effluent,  which  is  turned  into  a  very  small 
water  channel,  in  which*  in  the  sunmier  time,  there  is 
nothing  but  the  sewage  effluent  flowing. 

TMs  ground,  before  its  enlaigement,  has  been  able  to 
dispose  of  the  sewage  of  upwaras  of  300  people  to  the 
acre. 

The  effect  of  drainage  on  a  clay  soil  is  to  dry  it,  and  in 
drying  in  the  least  degree  the  soil  shrinks,  forming 
numerous  free  passages  trough  which  the  sewage  passes 
without  purification. 

The  Croydon  sewage  farm  at  Beddington,  a  large  por- 
tion of  which  yma  laid  out  under  my  direction,  has  a 
most  favourable  subsoil  for  the  purpose  of  the  disposal  of 
sewage,  being  a  porous  gravel  subsoil  with  a  light  surface 
soil.  Such  a  soil  as  this  might  be  drained  with  impunity, 
and  would  not  pass  crude  sewage  into  the  drains. 

As  a  combined  sj^tem  for  disposing  of  sewage  by  chemi- 
cals and  land  filtration,  I  would  refer  to  the  works  which 
were  carried  out  by  me  in  1882  and  1883  at  High  Wy- 
combe* where  a  very  small  amount  of  chemicals  was  used, 
and  the  effluent  passed  on  and  through  lands,  there  being 
no  flow  off  the  surface  as  in  the  case  of  the  broad  irriga- 
tion works  at  Norwood  and  Beddington.  In  this  case 
the  sewage  of  over  1,000  people  to  the  acre  has  been  most 
effectually  purified  on  the  lands  which  were  originally  laid 
out 

These  are  only  a  few  types  of  works  ol  the  character 
which  I  have  carried  out. 

Previous,  however,  to  1880  it  was  generally  supposed 
thsft  in  the  filtration  and  irrigation  systems  the  CTcyp^  on 
the  land  to  a  considerable  e:i^ent  aided  the  purification, 
and  it  was  not  until  after  the  discovery  of  the  nitrifying 
organisms  in  the  Paris  sewage  farm  that  new  light  was 
thrown  upon  the  whole  question  of  the  purification  of 
sewage  by  land  treatment. 

Shortly  after  the  discovery  of  these  nitrifying  organisms 
by  Messrs.  Schloestng  and  Muntz  on  the  Paris  sewage 
farm,  the  late  M.  Durand  Clay,  the  Municipal  Ei^gineer  of 
Paris,  sent  me  an  account  of  the  discovery  and  the  process 
by  which  it  was  discovered,  namely,  thai  the  sewage  was 
applied  to  a  box  of  earth,  forming  a  filter,  and  it  was 
found  by  passing  the  sewage  through  it  to  be  perfectly 
purified  ;  but  on  the  applicc^on  of  the  vapours  of  chloro- 
form to  the  soU,  and  tuie  subsequent  application  of  ths 
sewage,  it  was  found  that  the  sewage  passed  through 
without  purification,  and  by  repeating  these  experiments 
the  discovery  was  made  of  the  living  organisms  m  the  soil 
which  effected  the  purification. 

It  appeared  also  from  the  experiments  which  had  been 
instituted  by  Sir  John  Bennett  Laws,  Sir  Henry  Gilbert, 
and  Professor  Warrington,  at  Sir  John  Bennett  Laws' 
laboratory,^  that  these  nitrifying  oi^anisms  were  shown 
to  occupy  the  surface  only  of  the  sous,  which  were  dense 
like  clay,  but  passed  to  a  greater  distance  into  the  ground 
where  the  land  was  of  a  porous  character. 

In  consequence  of  this  discovery,  in  1881  I  determined 
to  make  experiments,  and  constructed  some  artificial  filters 
while  the  works  of  the  Croydon  Rural  Sanitarp*  Authority 
were  in  progress  at  Merton,  and  which  were  m  charge  of 
Mr.  Santo  Crimp  as  my  assistant,  who  subsequently  made 
the  bacteria  beds  which  are  in  use  at  Barking 

Directly  afterwards  I  designed  a  series  of  filters  at 
Friem  Barnet  with  a  view  to  the  bacterial  purification  by 
filtration,  and  which  were  desired  in  188d,  and  in  1885 
they  were  carried  out  and  came  into  operation  in  1886. 

These  filters  were  constructed  after  the  model  of  a  filter 
in  which  the  sewage  was  more  or  le^s  passinff  continuously 
through  them,  that  is,  a  system  of  controllea  filtration  was 

ad^i^. 

The  filters  are  6  feet  deep,  and  the  bottom  of  them  is 
hvamt  ballast  to  a  depth  of  2  feet  6  inches.  On  the  top 
of  this  is  a  mixture  of  burnt  ballast,  breeze  from  the  gas- 
works,  and  sandy  soil,  three  feet  deep,  and  over  the 


whole  surface  of  the  fihw  a  layer  of  fine  sandy  soil  ^ 
inches  in  thickness  is  placed  so  as  to  control  the  rate  of. 
filtration  through  every  part  of  the  filter. 

In  a  system  of  this  kind  it  is  essential  i^t  the  sewage- 
should  be  distributed  over  every  part  of  the  filter,  so  as  to* 
pass  uniformly  dmwgh  each  part 

A  sample  of  the  eflbaent  from  this  filter  was  taken,  with- 
out previous  notice  by  a  Deputation  of  the  CoiporatioD 
of  Manchester  on  December  2end,  1897,  and  the  analysis, 
of  such  samples  gives  the  following  results : — 

Fbiebn  BiJiNXT  Works. 

DeicripHon  of  Samples. 
Crude  Sewiigey   December  22nd,  3.20  p.m. — 06nsider- 
Me  amount  of  brown  suspended  matter;  sample  taken 
Portly  after  stirring  the  sewage.    Foetid  smell. 

Tank  EMueni^  December  22nd,  3.0  p.m.— Turbid,  withi 
grey  suspended  matter.     Sewage  smell. 

Filtered  EMueni^  December  22nd,  3.15  p.m.— Bright 
and  <dear,  no  smelL 

Analytical  Humbert. 
Oxygen  absorbed,  4  hours  : 


Sewage  (shaken)  - 

„      (settled)  - 
Tank  effluent 

Filtered  efiluent  - 


Grains 

per  Gallon 

6-23 

6-28 

2-81 

•30 


Oxygen  absorbed, 

3  minntes  (Incubator  Test 

h— 

Grains  per  Gallon. 

Before 
Incubator. 

After 
Incubator. 

Percentage 
Increase. 

• 

Sewage  (settled)    - 
Tank  effluent 
Fatered  ^nent    • 

217 
1-27 
•096 

6-66 
3*43 
•076 

150 
170 

Remarks, — Both  the  sewage  and  tank  effluent  becam# 
veiy  foul  in  the  incubator.  The  filtered  effluent  remaina 
perfectly  sweet 

AMMONIA. 

Graiikfl 
Free  and  Saline :  per  Gallon 

Sewage  (shaken) 5*30 

,.     Jsettled) 6*40 

Tank  effluent 5*35 

Filtered  effluent '025 

Albuminoid : 

Sewage  (shaken^ I'le 

,,      (settled) "82 

Tank  effluent •sO- 

Filtered  effluent -05 

Chlorine: 

Sewage no 

Tank  effluent 7-2 

Filtered  effluent 7'4 

Bemarks. — The  sewage  is  of  a  domestic  character.  TbB 
tank  effluent  is  of  a  highly  putrescible  character,  contain- 
ing a  large  proportion  of  albuminoids.  The  filtered 
effluent  is  of  an  excellent  quality,  showing  signs  of  active 
nitrification,  nitrites  being  present  in  it  which  are  not 
shown  in  the  tank  effluent.  The  filtered  effluent  con- 
tained nitrogen  ss  nitrates  and  nitrites,  to  the  extent  of 
'55  grains  per  gallon.  The  disappearance  of  the  free 
ammonia  is  noteworthy,  being  due  probably  to  the  layer 
of  soil  on  the  filter,  such  a  layer  being  shown  by  laboratory- 
experience  to  be  capable  of  retaining  and  possibly  oxidis- 
ing the  free  ammonia.  A  portion  of  the  soil  orom  th#- 
filter  was  examined,  and  found  to  be  capable  of  yielding' 
considerable  quantities  of  albuminoid  nitrogen. 

These  Friem  Barnet  filters  are  about  1*44  acres  ii» 
extent,  and  have  been  dealing  with  the  sewage  of  betweea 
6,000  and  7,000  persons  per  acre. 

The  sewage  there  is  chemically  treated,  but  tlie  ynAffnt 
of  chemicals  used — sulphate  of  alamina  and  lime — is  very 
small,  and  costs  about  one  penny  per  head  per  annum  on 
the  population. 

Experiments  made  on  these  filters  show  that  very  greuft 
care  is  required  in  working  a  fiHter,  for  an  ezoeai  of 
chemicals  will  pat  the  filter  out  of  work. 
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It  is  ilflo  dmrable  that  the  sewage  should  be  distributed 
^orer  as  laige  an  area  of  the  filter  as  possible.  Since  the 
jremoval  ci  the  distributing  channels  from  the  suifaoe  o^ 
^e  filter,  Ihere  is  a  great  liability  for  the  sewage  to  pass 
nnequaUj  through  onlj  one  part  of  the  bed  instead  of 
oiniformly  through  all  portions  of  it 

If  a  filter  is  well  aerated  below,  in  a  similsr  manner  to 

waterworks  filters,  so  as  always  to  have  the  presence  of 

fresh  air  in  the  filter,  there  is  no  reason  why  these  filters 

.dhould  ::3t  go  on  working  continuously,  ana  most  effeo- 

tually  purify  the  sewage  which  is  passed  through  them. 

The  ordiiiaiy  land  filter  would  not  pass  and  purify 
^sewage  at  the  rate  at  which  the  Friem  Bamet  filters  pass 
it,  and  produce  anything  like  the  same  results  as  to  puri- 
^(»tion,  as  in  land  filters  the  nitrifying  organisme  really 
only  occupy  the  upper  portion  of  the  mter,  whereas  if  a 
porous  filter  is  constructed,  every  portion  becomes  the 
4ibode  of  the  nitrifying  organisms. 

In  recent  years  I  have  also  be«i  making  experiments 
-with  contact  beds,  as  distinguished  from  fiters,  for  the 
purpose  of  cultivating  the  nitrifying  organisms  effecting 
.the  purification  of  sewage. 

I  have  designed  and  have  at  work  for  the  Corporation 
of  Manchester,  a  series  of  beds.  I  have  ailso  at  Bilston,  in 
Staffordshire,  an  experimental  area,  and  also  at  Car* 
shalton,  in  Surrey. 

Charshalton  is  supposed  to  represent  an  urban  district 
-entirely  water-closeted,  Manchester  a  mixed  population 
Hmly  partly  water-closeted,  taking  the  drainage  from  mid- 
slensteada  or  ashpits,  together  with  the  refuse  from 
chemical  and  dye  works,  and  other  manufactories.  The 
Bilston  sewage  is  highly  charged  with  chemicals  from  the 
galvanising  works,  containing  at  times  large  quantities  of 
aalts  of  iron. 

*^  The  process  of  contact  beds,  however,  in  all  these  cases, 
if  properly  worked,  is  found  to  be  most  effectual  for  the 
-purification  of  the  sewage,  and,  in  fact,  thei^  appears  to 
t>e  no  sewage  that,  witii  the  aid  of  a  small  amount  of 
•chemicals  and  by  passing  a  -sufficient  number  of  timed 
iiirough  contact  beds,  could  not  be  turned  into  water,  abso- 
lutely as  pure  as  that  which  origindly  supplied  the  district 
producing  the  sewage.  For  all  practical  purposes,  how- 
•ever,  the  passage  of  the  sewaee  through  two  contact  beds 
will  effect  just  as  much  purification  as  can  be  effected  by 
the  irrigation  process  on  the  best  of  lands. 

The  following  are  analyses  of  the  effluents  from  Bilston 
and  Csrshalton,  which  give  the  results  of  the  treatment 
by  the  contact  beds  : — 

Laboratory,  Plotigh  Court, 
*  37,  Lombard  Street,  London,  E.C. 

24th  January  1899. 
R.  H.  Harland,  F.LC,  F.C.S., 
Analytical  and  Consulting  Chemist. 
Public  Analyst. 

Reference  Nos.,  C.  6,876/8. 

Bilston  Sewage. 

Samples  received  from  Baldwin  Latham,  Esq.,  on 

7th  January  1899. 

(Taken  5th  January  1899.) 

Results  in  Grains  per  Gallon. 


Jfr. 


Sewage. 

Tank 
Effluent. 

Effluent 

No.  1 

Contact 

Chamber. 

Effluent 
No,  2 

Contact 
IChamber. 

Total  wild  m«tt«r  • 

82*6 

721 

69-3 

698 

Chlorine 

19-88 

17^16 

16-16 

16*66 

JSqual  to   Sodium    Chloride 

(Salt). 
JTitrogen  as  free  Ammonia    • 

81-9 
•830 

28*2 
•829 

26-6 
•627 

26-8 
•660 

„        Albaminoid 

Ammonia. 
„        Kitratee 

•oeo 

•040 

•048 

leee 

•027 
2-420 

Nitrites       .       . 

— 

— 

•176 

•166 

nunates. 

•604 

•886 

140 

•140 

<tacygen    absorbed    in    four 
hours. 

•9M 

•796 

•860 

•287 

After  Ave  days'  incubation  at 

Osnren  absorbed  in  three 
mmates. 

— 

— 

•182 

•126 

Am>earanoe  after  inenba- 

"— 

-— 

Clear 

Clear 

Swpended  matter : 

Organic     .... 

87-8 

— 

— 

— 

Inorganic* 

41*2 

— 

— 

^^ 

Reference  Nos.,  C.  6,618/20. 

£4th  December  1898.  _ 

Carshalton  Sewage     Ballast  Tanks.  16  Feb. 

Sample  received  from  B.  Latham,  Esq.,  13th  Dec  ;mber  1898. 

(Taken  12th  December  1899.) 

Results  in  Grains  per  Gallon. 


Crude 

Sewage 

entenng 

Fi'st 

j     Tank. 


Effluent 

from 

First 

Tank. 


Effluent 

from 

Second 

Tank. 


if 


Total  solid  matter   - 
Chlorine  -        -        -        - 
Equal  to  Sodium  Chloride 

(Salt). 
Nitrogen  as  free  Ammonia 
Albuminoid 

Ammonia. 
Nitrates 
Nitrites 
Oxy^n  absorbed  in  three 

mmutes. 
Oxygen  absorbed  in  four 
hours. 

After  five  days  incubation 
at80«F.: 

Oxygen  absorbed  in 

three  minutes. 
Appearance  after  in- 
cubation. 


48*3 
3ri 
6-76 

1-288 
•112 

11760 
nil. 
•329 

1001 


61-6 
4  2 
6-92 

•532 
•0896 

17080 
nil. 
•294 

il20 


630 
4-2 
6-92 

•1344 
•0676 

2-2176 

nil. 
-637 

1-285 


•455 

Blackish 
growth. 


•420 

Slightly 
cloudy. 


•175 

Slightly 
cloudy. 


(Signed)        B.  H,  Harland, 


At  Manchester  also  I  have  tried  what  is  known  as  the 
septic  method,  and  passing  the  sewage  through  one 
bacteria  bed  ;  but  it  is  not  found  to  be  so  perfect  with  the 
Manchester  sewage  as  by  simply  passing  it  through  two 
bacteria  beds. 

The  following  is  a  comparison  of  the  results  of  the  two 
methods : — 

Average  Results  of  Tliree  Weeks'  Trial. 


I 


.fi  ^ 


•o 
s 
o 


^5 


Si's 


Oxygen  abaorbed  fn 
four  hours. 

IVee     and      Saline 
Ammonia. 

Albuminoid     Am- 
monia. 

Chlorine  - 

Ammonia  from  Ni- 
trates and  Nitrites 

IHOVBATOR  TKT  : 

Three     minutes' 
oxygen  absorption 
before  incubation. 

After  incubation     • 


4-09 

4-06 

1^85 

5^40 

2*68 

1-60 

1-16 

0*68 

186 

TOO 

0^24 

0*16 

0-072 

0*24 

012 

10-7 

977 

9*78 

10*62 

10-27 

— 

— 

•818 

•168 

o-o:o 

8^06 

316 

I^IS 

818 

i^eo 

— 

8^62 

0^97 

8*66 

1-86 

0-05 
0-57 

o^oe 

0^9U 
0-248 


0-62 


048 


(Signed)        R.  H,  Harland, 


That  with  bacteria  beds  three  feet  deep,  there  can  be 
little  doubt  that  the  sewage  of  10,000  people  per  acre  can 
be  perfectly  purified.  This  syst^,  however,  will  require 
more  ooncSant  attention  lihan  the  controlled  filtration 
through  bacteria  beds,  as  from  experimente  I  have  made, 
I  find  it  is  essential  that  the  bed  should  Ml  quickly,  so  aa 
to  retain  the  air  within  the  porous  material.  If  the  bed 
is  filled  very  slowly  indeed,  an  anaerobic  organism  de- 
velops instead  of  the  aSrobic. 

It  ia  essential  also  diat  after  having  been  in  contact,  the 
bed  should  be  efiTectually  drained  and  allowed  time  for 
aeration. 

The  construction  of  the  beds  is  also  an  important  point. 
Hitherto,  in  most  of  the  beds  that  have  been  constructed, 
the  drains  have  been  laid  upon  the  floor  of  the  bed,  and 
the  consequence  is  that  owing  to  the  porosity  of  the 
material,  tiie  sewage  passes  at  once  into  the  dnin,  and 
fills  it  with  unpunfied  sewage,  so  tihat  the  finst  wateiB 
draining  from  the  beds  are  impure  by  reason  of  the  dis- 
charge of  a  mixture  of  sewage  and  purified  effluent 

This  difficulty  has  been  got  over  by  a  method  of  eon* 
struction,  in  which  the  drains  serve  the  purpose  of  drain- 
ing the  beds  completely,  but  when  the  beds  are  emptied, 
the  drain  itsdf  is  left  full  of  purified  effluent. 

It  is  also  essential  that  beds  of  this  character  should  be 
as  near  as  possible  of  a  uniform  composition  throughoat, 
and  not  made,  as  they  have  been,  of  coarser  material  «% 
the  bottom  and  finer  at  the  top,  like  a  controlled  filter. 
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Mr.  Thert    re  Jiofc  i*-«diy  places  in  which  »  sufficient  fall 

B,  Latham,  ^ould  bo  ccminanded  so  aa  to  work  two  aeta  of  bacteria 

<lor«l».lflO0.  l>o<^  one  aiter  the  other,  and  in  order  to  be  able  to  com- 

mand  the  d  )uble  beds,  it  might  be  necessary  in  some  cases 

to  pump  f»e  sewage. 

hi  this  case,  of  course,  it  would  be  desirable  to 
know  whitoh  would  be  more  economical,  to^  apply  the 
sewage  dire  ct  to  land,  or  to  the  beds  in  question ;  but  in 
all  caees  where  there  is  a  difficulty  in  acquiring  land,  or 
the  lands  i  e  not  suitable  for  the  purposes  of  irrigation  or 
land  filtratr  a,  the  bacteria  bed  system  offers  a^complete 
solution  for  the  purification  of  sewage.  Of  Stwirse,  in 
some  cases  t  will  require  to  be  aided  by  chemical  treat- 
ment. 

4606.  (Chairman,)  I  should  just  like  to  ask  you  a 
question  or  two  about  storm  water ;  you  have  no  doubt 
paid  attention  to  the  question  of  storm  water  ? — Yes. 

4507.  Are  you  of  opinion  that  the  storm  water  should  be 
allowed  to  go  through  tlie  filters  or  that  it  should  be 
diverted  from  them  ?— The  question  of  storm  water  is  an 
exceedingly  difficult  one  to  deal  with.  There  is  a  great 
liability  to  enormous  fluctuation  in  time  of  storm.  I 
have  made  numerous  experiments  for  many  years  with 
regard  to  how  storm  waters  do  affect  sewers,  and  it  is 
nothing  uncommon  to  get  a  flow  increase  often  thirteen 
times  the  average  flow,  for  a  short  time  ;  but  it  very 
rarely  happens  that  that  high  rate  exceeds  one  hour,  but 
when  the  storm  water  does  come  down  at  these  heavy 
rates  it  is  extremely  dilute,  and  in  many  cases  of  course 
we  are  permitted  to  send  a  very  dilute  water  like  that 
direct  to  the  channels.  I  understand  the  Mersey  and 
Irwell  standard  admits  a  proportion  of  six  to  one.  When 
there  is  diluted  sewage  the  storm  overflows  of  Manchester 
might  come  into  operation  and  so  discharge  the  water 
direct  into  the  Mersey  and  Irwell. 

4508.  Do  you  think  that  if  it  is  allowed  to  pass  through 
the  filters  it  does  them  any  harm  by  washing  away  the 
bacteria  ? — "So,  In  the  case  of  Manchester  we  have  been 
considering  that  question,  and  what  we  do  is,  we  get  the 
whole  of  the  diluted  sewage  through,  but  give  it  less  time 
in  contact  with  the  bed. 

4609.  But  do  you  not  find  it  hurts  the  filter  ? — ^It  does 
not  necessarily  do  so,  because  the  effluent  from  a  single 
bed  is  often  weaker  than  dilute  sewage  in  time  of  storm. 
As  I  say,  the  sewage  itself  complies  with  the  standard 
before  treatment,  and  instead  of  having  a  double  bacteria 
process  at  that  time  we  propose  to  cany  out  a  single 
process  and  limit  the  time,  so  that  we  should  be  able  to 
deal  with  many  volumes  larger  tlian  we  ordinarily  deal 
wiih, 

4510.  You  mean  you  would  only  pass  it  through  one 
filter  instead  of  two  ? — ^Pass  it  through  one  filter  instead 
of  two,  and  then  have  a  shorter  time  accord- 
ing to  the  condition.  What  is  proposed  to  be  done  in 
every  instance  is  to  determine  by  the  three  iiiinutes' 
oxygen  test  what  is  the  strength  of  the  sewage,  which  can 
be  done  on  the  spot  with  a  careful  chemist,  and  know 
exactly  how  you  have  got  to  deal  with  the  sewage — ^in 
which  way,  and  if  a  sewage  is  shown  by  the  three  minutes' 
oxygen  test  only  to  require  a  limited  treatment,  then 
we  should  only  give  it  a  limited  treatment. 

4511.  Then  you  do  not  find  it  does  any  harm  to  the 
filter  beds  ? — No,  none  whatever. 

4512.  Turning  to  the  question  of  the  land  treatment 
of  sewage,  do  you  think  that  when  the  land  is  frozen  any 
purification  of  sewage  takes  plaoe? — I  have  never  found 
any  difficulty  with  regard  to  it.  As  a  rule,  at  the  periods 
of  the  year  when  we  have  severe  frosts  the  sewage  is 
•Iwftys  warmer  relatively  than  at  other  periods,  and  what 
often  happens  is  that  a  film  of  ice  is  formed  a  short 
distance  above  the  surface  of  the  land — ^if  it  is  a  growing 
orop  like  grass,  a  few  inches — above  the  surface,  and  the 
sewage  flows  on  to  the  land  underneath  it  We  have 
never  had  any  difficulty  in  my  experience. 

4513.  And  the  purification  goes  on  taking  place  ? — Just 
the^  same.  But  I  should  say  this,  this  was  a  matter  also 
wiiich  for  some  years  I  dealt  with,  because  it  was  thought 
— in  one  of  the  Commissions^  report — that  in  time  of 
frost  it  would  not  do  so,  but  what  I  found  was  t3iia,  that 
in  timo  of  inte«se  frost  a  portaon  of  the  sewage  was 
frozen,  and  all  that  which  wss  Ixxr^en  was  pure  water ; 
that  18,  when  wuer  freezes  it  is  only  the  pure  watir  that 
freezes,  ijot  the  sewage,  and  the  consequence  was  t/^at  a 
rery  large  qw«i»ity  of  pure  Ti'ater  was  locked  up,  and  Uie 
effluent  at  thtJc  time  was  very  much  smaller  in  pr<iportion 
to  the  volume  >4  the  sewage   but  the  moment  the  thaw 


came  we  got. a  most  unprecedented  degree  of  puzitj, 
because  of  the  dissolving  of  this  ice  whidi  had  been  locked 
up  produoing  an  artificial  parity  by  dilution,  so  that  I 
think  very  much  of  those  ideas  which  were  fanned  a  few 
years  ago  were  due  to  the  fact  that  the  subject  was  not 
fully  investigated.  It  was  not  due  to  any  inaction  of  tiie 
land,  but  simply  due  to  the  f^t  that  the  effluent  itself 
represented  very  many  more  volumes  of  sewage  at  times  of 
frost  than  it  did  at  any  other  periods. 

4514.  Then,  in  fact,  you  think  the  purification  goes 
on  in  very  cold  weather  and  throughout  the  English 
winter  ? — Oh  ;  indeed,  it  does  ;  there  is  not  a  shadow  of 
doubt  about  it.  Take  the  farms  at  Norwood,  the  clay 
farm,  or  the  Croydon  farm,  there  has  never  been  the 
slightest  difficulty  in  cold  weather  ;  in  fact,  our  gr^ateat 
difficulty  is  in  very  hot  weather,  when  a  certain  colouring 
is  given  to  the  effluent  due  to  the  heat  of  the  water  dis- 
solving certain  organic  constituents. 

4515.  I  suppose  you  would  agree  with  what  is  generally 
said  now,  that  it  is  impossible  to  lay  down  any  hard  and 
fast  rule  as  to  any  particular  area  of  land  being  required 
for  any  paitioular  population  7 — That  is  so. 

4516.  It  must  depend  upon  the  quality  of  the  land  ? — 
It  must  very  much  depend  upon  the  quality  of  the  land 
itself. 

4517.  Do  you  think  any  purification  of  the  sewage 
possible  where  the  land  is  water-logged  ? — ^Well,  it  dependa 
upon  what  water-logging  means,  because  every  field  when 
it  is  put  under  sewage  is  waterlogged  for  the  time  being, 
and  some  years  ago  I  made  some  experiments  upon  that 
point,  because  when  this  question  about  applying  sewage 
to  land  was  fought,  the  opponents  to  it  said,  "  Oh,  look,, 
in  time  of  rain  when  the  land  is  waterlogged  why  you  will 
get  no  purification ;  you  cannot  get  the  sewage  into  the 
land."  I  had  a  glass  tank  made  and  filled  with  very  fine 
sand,  and  charged  this  with  a  solution  of  iron  salts,  and 
put  it  on  a  gentle  incline  to  ascertain  what  the  movement 
of  water  was  in  the  soil  itself,  and  by  putting  on  an  infusion 
of  nut  galls  it  formed  its  own  diagrams  from  day  to  day  as 
the  water  ran  through  this  long  tank,  and  then  it  wa» 
shown  that  the  most  feeble  currents  displaced  the  water 
which  was  in  the  soil  and  took  its  place.  That  is  exactly 
what  happened  in  rainy  weather  at  a  sewage  farm.  We 
always  got  the  best  effluent  possible  in  rainy  weather 
instead  of  the  worst,  simply  because  one  increment  of 
sewage  put  on  a  field  displaced  the  water  already  there, 
and  took  its  place,  so  that  the  great  fear  of  waterlogging 
of  that  description  is  no  detriment  to  it.  But  of  course 
I  quite  understand  that  if  land  is  permanently  under  water 
it  would  not  be  desirable  to  go  and  put  more  water  on  it. 

4518.  Have  you  ever  known  of  the  soil  of  an  old  sewage 
farm  being  analysed  bacteriologicary  ? — Xo,  I  have  never 
had  occasion  myself  to  have  anything  of  that  kind  done. 

4519.  I  mean  you  never  heard  of  a  case? — No,  I  have 
not. 

4520.  In  your  evidence  I  think  you  have  told  us  that 
the  effluents  of  sewage  that  passed  through  two  ox  your 
contact  filters  is  as  good  as  the  best  effluent  that  you  have 
ever  had  from  any  land  treatment? — ^Yes,  that  is  so. 

4521.  And  that  you  feel  confident  about  ? — ^That  I  feel 
confident  about,  because  when  tested  with  the  very  worst 
sewage  that  we  have  got  to  deal  with  we  get  these  good 
results.  I  have  got  three  sets  now  in  &ree  different 
towns  of  these  bacterial  beds  experimentally  working, 
namely,  at  Carshakon,  here,  and  at  Bilston,  where  we 
have  to  deal  with  a  strong  chemical  effluent  highly  charged 
with  salts  of  iron  from  the  galvanising  works  with  a  very 
large  quantKy  of  chlorine  as  it  will  be  seen  which  prin- 
cipally arises  from  those  works,  yet  we  do  find  in  that 
case  that  better  results  are  produced  if  a  little  lime  is 
added  to  neutralise  the  acidity  of  the  sewage  before  it  ]b 
aipplied  to  the  beds,  but  I  do  not  know  any  case  in  which 
as  good  a  result  is  not  got,  and  probably  better,  than  by 
the  application  to  land.  The  same  treatment  would  have 
to  apply  chemically  if  Bilston  sewage  was  put  on  to  land. 
If  we  put  that  iron  liquor  upon  land,  why,  it  would  kill 
everything  upon  the  land,  and  it  would  be  necessaiy 
exactly  just  to  have  the  same  treatment  as  if  it  were  pot 
on  to  a  bacterial  bed. 

4522.  As  to  the  pathogenic  oxganisms,  do  you  imagine 
<hat  they  would  stand  as  bad  a  chance  of  getting  through 
your  conflict  bed  as  they  would  in  gerong  through  a 
sewage  farm  ? — ^I  do  not  thipV  oo.  I  could  not  anrwer  tlut 
^r  certain,  but  we  know  on  a  sewage  farm  the  experienoe 
shows — ^for  instance,  I  remember  in  1875  there  was  an 
epidemic  of  typhoid  at  Croydon,  when  there  was 
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thing  like  over  1,200  oMes  in  the  town,  the  sewage  was 
Applied  to  the  sewage  farm,  and  all  the  houses  in 
the  neighbourhood  at  that  time  took  the  water  supply 
from  loe&l  wells  in  the  neighbourhood,  and  the  water  in 
these  wells  used  to  rise  and  fall  with  the  proximity  of 
inigation  to  them,  but  in  that  year  and  subsequently 
there  never  was  a  single  case  of  typhoid  in  the  neighbour- 
hood of  the  Croydon  sewage  farm. 

4523.  Do  you  mean  that  you  think  pathogenic  oigan- 
iems  could  not  get  through  a  sewage  farm? — ^I  think  so. 
It  is  quite  dear  from  my  experience  that  they  could  not 
be  pasaed  through. 

4524.  lliey  could  not  get  through? — I  am  certain  of  it. 

4525.  4nd  do  you  think  they  could  not  pass  through 
your  artificial  beds? — ^WeU,  I  think  the  conditions  are 
8uch  that  the  exp  sure  that  sewage  would  get  in  a  bac- 
terial bed  in  contact  with  probably  these  friendly  microbes 
in  the  bed  would  probably  lead  to  their  destruction.  That 
18  the  only  conclusion  I  could  come  to.  I  know  there  is 
A  doubtful  case  at  High  Wycombe,  where  it  is  supposed 
that  an  epidemic  of  typhoid  arose  in  connection  with  thM; 
sewage  work,  but  I  have  very  great  doubt  indeed  whether 
it  did  myself.  I  know  the  work.  I  originally  laid  it 
down  ;  but  it  was  due  probably  to  th«  local  pollution  and 
to  an  alteration  of  the  subsoil  water  due  to  bringing  a 
miH  into  work  which  had  not  been  at  work  for  some  time, 
for  nothing  of  the  kind  had  occurred  before  until  this 
pftrUcular  time  that  this  mill  came  into  operation^  but  I 
mention  it  because  there  has  been  a  report  upon  it. 

4526.  Would  you,  on  the  whole,  be  prepared  to  say 
that  you  thought  artificial  filtration  as  sale  as  land  treat- 
ment ? — I  will  not  call  it  filtration  ;  it  is  really  not  filtra- 
tion. I  think  it  is  quite  as  safe  myself.  I  do  not  see  any 
reason  why  it  shoi^d  not  be  seeing  the  results  of  the 
analyses  that  the  effluent  is  quite  equal  to  that  of  any 
from  any  sewage  farm,  but  as  a  rule,  of  course,  effluents 
of  this  Kind  are  never  used  afterwards  for  the  purposes  of 
water  supply  unless  they  have  been  passing  through  long 
distances  of  flow  of  water,  and  that  very  exposure  after- 
wards, no  doubt,  would  render  them  as  wholesome  as  it 
woold  an  effluent  from  a  sewage  farm. 

4527.  (Mr.  Kxttick.)  Would  you  kindly  explain  why 
you  use  the  expression  '^ contact  bed"  in  preference  to 
**  filter  "  ? — Because  it  is  not  filtration  in  any  sense  of  the 
word.  Filtering  is  a  straining  process  which  takes  place 
from  the  surface  downwards.  The  contact  beds  fill  up 
from  the  bottom  upwards,  and  simply  lie  in  contact ; 
there  is  no  straining  and  no  removing  in  that  sense  as 
filtering. 

4528.  I  understand  that  you  propose  in  Manchester  to 
deal  with  the  sewage  on  two  contact  beds,  or  more  or  less, 
according  to  the  quality  of  the  sewage  ?— Yes,  that  is  so. 

4529.  And  therefore  in  that  way  to  some  extent  you 
meet  the  difficulty  of  storm  water  ? — Yes. 

4530.  Do  you  know  the  figures  of  the  increased  Man- 
chester flow  during  the  recent  wet  weather? — Well,  it  has 
not  been  very  great  there,  numbers  of  storm  water  over- 
ilaws  come  into  operation  which  discharge  the  excess  of 
water  into  the  siareams  before  it  comes  to  the  sewage 
works.  There  are  no  figures  showing  more  than  double 
the  quantity  of  the  dry  weather  sewage  that  I  have  been 
supplied  with  as  coming  down  to  the  outfall. 

4531.  As  regards  the  storm  overflow*  you  speak  of  a 
limvt  of  the  Mersey  and  Irwell  Committee  ;  would  you 
kindly  explain? — ^Well,  there  has  been  an  agreement 
entered  into  between  them  and  the  Ck>rporation  of  Man- 
chester that  the  storm  overflows  may  come  into  operation 
after  a  certain  dilution  locally. 

4532.  An  agreement? — ^An  agreement. 

4533.  Perhaps  you  had  better  say  understanding? — 
Well,  it  is  really  set  out  in  black  and  white. 

4534.  1  do  not  think  you  can  quote  the  Mersey  and 
Irwell  Joint  C!ommittee  as  having  laid  down  a  standard  in 
this  matter? — WeU,  they  have  a  standard  for  sewage  also. 

4535.  We  are  speaking  on  a  question  of  storm  crer- 
flows  ? — ^There  is  an  agreement  to.  that  effect. 

4536.  An  understanding?— That  is  another  name  for  the 
same  thing. 

4537.  It  is  rather  important,  my  lord,  because  this,  in 
all  probability,  may  be  quoted  against  us.  (To  witness.)  I 
should  like  to  call  your  attention  to  what  I  think,  perhaps, 
are  misprints  in  your  statements.  On  page  11  the  quan- 
tity of  albuminoid  ammonia  in  the  sewage  is  put  at  *060  ; 
is  that  right  ? — ^Yes. 

4538.  Is  it  not  -60?-— No,  I  do  not  know  ;  I  think  not. 
I  think  there  is  a  large  amount  of  iron  salts  in  that. 
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4539.  Over  the  page  oxygen  absorbed  in  four  hours,  the       Mr. 
sewage  -994  ?-^Y  es.  *•  ^^"^ 

4540.  it  is  very  weak  sewage  then? — ^It  is  probably  a  i6F<b.iWQ. 
weak  sewage   containing — being   precipitated   with   this         ' 
large  quantity  of  iron  salts  in  it,  really  water  comes  down 

there  perfectly  brown  in  colour — the  sewage. 

4541.  At  the  bottom  of  that  page  oxygen  absorbed  the 
crude  sewage,  Oarshalton  sewage,  crude  sewage,  firsi/ 
tank  1*001 ;  is  that  right,  because  the  final  effluent  is 
1*285? — ^I  could  not  say  without  reference  to  the  actual 
analysis  ;  I  will  look  at  it. 

4542.  It  is  apparently  an  error? — ^Yes,  I  should  think 
so. 

4543-4.  Then  Manchester  average  results  of  three  weeks' 
trial,  albuminoid  ammonia,  raw  sewage  0*24,  first  rouffh 
bactena  bed  0*14,  second  bacteria  bed  0*60.  That  surely 
is  wrong? — I  should  say  so. 

(Colond  Harding.)  It  is  intended  for  *06,  I  suppose? 

4545.  (Mr.  KiUich)  1  think  so ;  perhaps  Mr.  Baldwin 
Latham  will  examine  these  figures  ? — I  have  not  seen  this 
typewritten  copy. 

4546.  Albuminoid  ammonia  ? — I  have  not  got  that  one  ; 
it  is  *06,  there  is  no  doubt  it  is  ;  I  have  got  that. 

4547.  There  is  a  sentence  here  which  I  do  not  quite 
follow  in  the  paragraph  after  these  tables  for  Manchester : 
"  This  system,  however,  wua  require  more  constant  atten- 
tion than  the  controlled  filtration  through  bacteria  beds, 
as  from  experiments  I  have  made  I  find  it  is  essential  that 
the  bed  should  fill  quicklv  so  as  to  retain  the  air  within 
the  porous  material"? — ^xes. 

4548.  This  system  refers  to  the  contact  beds  ? — ^To  the 
contact  beds.  I  have  found  that  if  a  contact  bed  is  very 
slowly  filled  indeed,  that  the  anaerobic  organisms  are  de- 
veloped and  vou  get  putrefaction.  That  it  is  essential 
that  sewage  snould  be  put  on  as  quickly  as  possible  so  as 
to  retain  within  the  material  itself  as  much  air  as  possible, 
so  for  a  long  time  after  it  is  put  on  you  will  find  the  air 
bubbling  up  ix)  the  surface  ;  but  when  it  is  very  slowly 
filled  you  do  not  get  that  air  retained. 

4540.  The  distinction  is  between  a  contact  bed  and  a 
controlled  bed  ? — A  controlled  filter  means  downward  fil- 
tration with  a  fine  la^er  on  the  top,  which  controls  the 
rate  at  which  the  liquid  fiows  over  uie  materials  below. 

4550.  In  the  last  paragraph,  the  last  sentence,  you  say, 
'^In  some  cases  it  will  require  to  be  aided  by  chemical 
treatment."  Can  you  give  some  instances  of  those  cases! 
— ^Yes»  I  was  mentioning  one  this  morning,  Bilston,  wheae 
you  have  sot  an  enormous  quantity  of  iron  salts  coming 
down.  I  Joiow  that  from  the  working  of  the  Friern 
Bamet  filters,  which  have  been  working  for  over  twelve 
years,  that  those  could  readily  be  put  out  of  work  by  an 
extra  dose  of  chemicals  being  put  on  to  them  at  any  time, 
and,  therefore,  if  a  sewage  contains  a  very  large  obnoxious 
chemical,  it  is  necessair  that  it  should  be  qualified  ;  for 
instance,  these  acid  salts  of  iron,  such  as  von  have  sot 
at  Bilston,  as  you  see  from  the  analyses  of  that  particmar 
sewage  here>  containing,  as  it  does,  so  much  chlorine 
which  really  was  in  combination  with  hydrochloric  acid, 
that  an  effluent  of  that  kind  put  on  the  filter  would  pro- 
bably, for  the  time  being,  destroy  the  action  of  the  oi^pm- 
isms,  as  was  shown  in  an  actual  experiment  at  Fnem 
Bamet,  by  putting  on  an  extra  dose  of  the  chemicals  we 
could  pass  the  sewage  without  any  purification  through 
one  of  these  controlled  filters. 

4651.  You  would  suggest  that  in  the  case  of  the  treat- 
ment of  a  sewsffe  such  as  you  proi>ose  in  Manchester  by 
two  contact  becto,  the  sewage  itself  should  be  constantily 
watched  and  analysed,  and  under  certain  circumstances 
should  be  turned  into  precipitation  tanks  with  chemicals 
before  beins  put  on  to  the  land  ? — ^Yes.  WeU,  what  we 
propoee  to  do  at  Manchester  is  to  pass  the  sewage  through 
the  existing  tanks,  which  hold  a  half  day's  supply,  so  that 
we  can  get  a  more  mixed  quality  of  sewage,  because  the 
sewage  itself  is  naturally  alkaline,  and  if  we  could  get 
a  Fumciency  of  mixture  it  would  not  be  necessary  to  use 
the  chemicals  at  all ;  but  in  small  towns  and  in  places 
where  you  are  constantlv  dealing  with  large  quantities  of 
chemicals  it  is  absolutely  necessary  that  some  chemicals 
should  be  used,  especially  lime,  which  has  been  found  to 
be  most  effectual. 

4552.  (Colonel  Harding.)  I  see  that  your  experience 
enables  you  to  express  a  strong  opinion  as  to  the  possi- 
bility of  good  results  being  obtained  by  passing  sewage 
through  contact  beds.  You  think  that  if  it  was  passed 
through  a  sufficientnumberthatyou  could  actually  restore 
the  original  purity  of  the  water  which  supplied  the  district? 
— Th(tr«\  in  not  the  shadow  of  a  doubt  about  it. 
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Mr,  4553.  And  you  think  two  contact  beds  will  effect  as 

B.  Ladmn.  much  purification  as  could  be  effected  by  the  irrigation 
i6F«bri899.  process  basis  on  land?— That  is  so.  You  understand 
— '—  with  an  irrigation  process  we  find  it  is  often  neces- 
sary to  pass  the  sewage  two  or  three  times.  In  irri- 
gation works  in  which  the  sewage  is  only  passed 
once  oyer  the  surface  of  the  land  it  is  not  usually  satis- 
factory. For  instance,  take  a  large  farm  Uk©  Bedding- 
ton,  where  you  have  surface  irrigation,  it  is  always  the 
practice  to  send  that  water  at  least  twice  oyer  the  surface 
of  the  land  ;  send  it  oyer  one  field,  pick  it  up,  and  send 
it  again  oyer  it. 

4554.  I  find  that  this  opinion  refers  specially  to  contact 
beds  and  not  to  continuous  controlled  filtitation,  such  as 
you  have  had,  for  instance,  going  for  a  long  time  at 
Friom  Bamet ;  haye  you  yiews  in  regard  to  that  1 — ^Well, 
the  same  thing  would  apply  to  that.  I  can  conceiye  cir- 
cumstances in  which  a  controlled  filter  may  be  put  out  of 
work,  as  I  know,  for  instance,  at  Friem  Bamet  they 
have  removed  the  distributing  channels  from  off  the  sur- 
face, and  secondly  when  they  dig  over  or  harrow  over 
these  filters  there  is  great  liability  of  the  sewage  first  of 
all  going  through  at  one  place  near  the  inlet.  Well,  that 
is  not  controlled  filtration. 

4555.  Then  at  Friem  Bamet  the  effect  of  the  top  layer 
of  sand  is  really  to  secure  even  distribution  1 — ^Even  dis- 
tribution that  is  all  the  effect  of  it. 

4556.  Obviously  in  that  case  you  must  be  dealing  with 
sewage  which  has  been  thoroughly  precipitated? — ^That 
is  so. 

4557.  If  not  the  sand  would  very  soon  have  a  coat  of 
sludge  which  would  require  constant  removal? — ^We  use 
a  small  quantity  of  chemicals  always  at  Friem  Barnet, 
but  the  chemicals  are  very  smaU,  and  the  value  of  them 
comes  to  exactly  a  penny  per  head  of  the  population  per 
annum. 

4558.  Do  you  happen  to  know  what  solids  in  suspen- 
sion there  are  in  the  effluent  flowing  on  to  the  Friem 
Bamet  filter  ? — I  think  I  can  supply  that. 

4559.  Would  there  be  one,  two,  or  three  grains  per 
gallon  ? — Oh  !  very  little,  indeed,  not  more  than  one  grain 
per  gallon. 

4560.  Has  there,  as  matter  of  fact,  been  any  accumula- 
tion on  the  upper  siurface  of  the  sand  ? — ^After  these  filters 
have  been  at  work  for  some  time  it  is  customary  to 
harrow  them  over ;  not  a  particle  of  material  has  been 
taken  from  the  surface  of  the  filters  when  they  are  dry. 
They  are  used  alternately.  There  are  four  of  them,  but 
when  the  filters  are  dry  they  are  harrowed  over  with 
light  harrows  drawn  by  a  couple  of  men. 

456L  Nothing  has  been  removed? — ^Nothing  has  been 
removed  during  the  whole  period  the  filters  have  been 
at  work. 

4562.  In  a  case  like  that  where  the  upper  surface  is 
hermetically  sealed  by  a  layer  of  sand  covered  with  liquid 
sewage,  do  you  find  that  you  are  able  effectively  to 
aerate  the  lower  portions  ?— Well,  the  filters,  as  a  rule,  are 
always  aerated  from  below  like  a  water  filter,  but  the 
channel  is  brought  up  by  the  sides  above  the  water  line 
to  admit  air  almost  at  all  times,  so  that  the  drains  are  all 
open  until  surcharged,  so  there  is  an  excellent  circulation 
of  aiif  in  the  filters. 

4563.  I  suppose  your  preference  for  contact  beds  is 
paitly  for  this  reason  that  you  are  able  there  to  deal  to 
Bdue  extent  with  solids  in  suspension?-— Yes ;  we  can 
deal  with  solids  in  suspension,  and  we  virtually  in  Man- 
chester have  been  dealing  with  crude  sewage.  We  have 
put  the  crude  sewage  on  to  the  beds  without  any  sub- 
sidence even  ;  we  have  made  experiments  with  subsidence 
and  without. 

4564.  Then  let  us  come,  please,  to  the  Manchester 
sewage  experiments  that  you  have  been  carrying  on. 
What  is  the  size  of  the  two  contact  beds  that  you  have 
there  been  working  with — quite  roughly? — ^I  could  not 
say  exactly  now. 

4565.  20  by  20  feet  or  yards  ?— -About  17-5  feet  by 
17-5  feet  at  the  bottom. 

4566.  35  by  25  ?--Something  like  that ;  and  at  top  they 
are  29-5  by  29  5  feet. 

4567.  30  by  30  feet  ?— Yes,  and  3  feet  deep. 

456a  Tell  me,  when  were  they  started? — Oh,  some 
;«K>nihs  ago  now.  It  was  last  September  when  th<7 
mdered  them  to  be  made. 

4669.  You  refer  to  three  weeks  comparative  experi- 


ments with  the  septic  tanks,  and  with  the  contact  beds 
at  Manchester 


4570.  How  long  had  the  septic  tank  been  working,  and 
how  lone  had  the  contact  beds  been  working  ? — ^The  eeptio 
tank  had  been  working  a  very  much  shorter  time,  as  it 
took  a  very  long  time  to  bring  them  into  operation. 

4571.  That  is  what  I  wanted  to  reach.  When  you 
made  these  comparative  tests,  had  the  septic  tank  and 
the  contact  beds  reached  their  full  working  conditions? 
— Well,  I  do  not  know  that  they  have  now,  because  there 
seems  to  be  a  gradual  improvement  going  on  in  these 
beds. 

4672.  In  both? — In  both  of  these,  but  much  more  so 
in  tho  contact  beds  than  in  the  others. 

4573.  Then  the  final  results  do  not  appear  to  vary  very 
much  after  the  sewage  passes  through  the  septic  tank 
and  filter,  and  the  sewage  passes  through  the  double 
bacteria  beds,  it  produces  results  which  are  not  very 
dissimilar? — Except  in  the  oxygen  test. 

4674.  We  will  take  the  oxygen  test  ? — The  oxygen  test 
would  not  comply  with  the  Mersey  and  Irwell  standard. 

4575.  In  the  case  of  the  albuminoid  ammonia  test  the 
results  are  substantially  alike  ?— Yes,  that  is  bo. 

4576.  And  you,  yourself,  suggest  that  the  septic  tank 

may  not  have  been  at  the  time  in  working  order? Oh, 

it  was  in  working  order,  but  we  did  not  take  any  samples 
at  all  till  the  whole  thing  was  in  working  order. 

4577.  How  long  were  you  working  ? — ^They  started  the 
works  at  the  same  time  ae  the  double  filters  were  started 
to  make  them,  but  they  did  not  come  into  operation  for 
some  months  afterwards. 

4578.  When  the  Commission  visited  Manchester,  were 
not  the  septic  tanks  in  course  of  erection? — ^Yes. 

4579.  Therefore  the  septic  tanks  were  not  working  so 
long  as  the  contact  beds  ?— That  is  so. 

4680.  Therefore  it  may  be  assumed  that  the  one  might 
be  in  better  working  condition  than  the  other.  Are  you 
able  to  express  any  opinion  upon  that?— I  should  say  the 
septic  tank  had  got  to  its  proper  footing  before  we  made 
any  experiments  for  the  purpose  of  comparing. 

4581.  Do  you  think  that  the  experiments  at  Manchester 
have  been  carried  on  sufficiently  long,  and  have  been 
watched  with  sufficient  thoroughness  to  enable  you  to 
say  that  the  one  system  at  Manchester  is  preferable  to 
the  other  ?— I  should  say  at  Manchester  certainly  so,  but 
I  should  not  say  so  generally,  because  I  have  very  great 
faith  in  the  septic  tank  for  ordinary  sewage. 

4582.  Then  was  the  sewage  which  was  passed  through 
these  septic  tanks,  and  that  which  was  passed  through 
these  contact  beds  exactly  the  same  ?— Exactly  the  same, 
and  taken  on  the  same  dates. 

4583.  Be  good  enough  to  tell  us  what  its  condition 
was  ;  I  understood  you  to  say  that  it  was  partially  settled 
sewage  ? — No,  sir  ;  cmde  sewage. 

4584.  Absolutely  cmde  sewage  ?— Yes.  Cmde  sewage 
passed  on  to  our  beds,  this  three  weeks  test ;  absolutely 
crude  sewage  every  day. 

4685.  Nothing  whatever  had  been  precipitated  ?— No- 
thing whatever  had  been  precipitated. 

4586.  Then  have  you  any  data  at  hand  to  enable  you 
to  tell  us  what  was  the  amount  of  solids  in  suspensicHi  as 
the  sewage  went  on  to  your  filters  ?— I  do  not  know ;  I 
have  got  all  the  detailed  analysis  here. 

4587.  This  is  rather  material,  because  I  notice  in  your 
evidence  you  do  not  tell  us  anything  as  to  the  sludging 
up  of  these  beds,  as  to  how  far  solid  matter  put  upon  the 
beds  is  broken  down,  or  how  far  some  of  it  is  left  behind 
to  accumulate,  and  one  would  like  to  know,  therefore, 
exactly  what  was  the  condition  of  the  sewage  as  it  went 
on,  how  many  grains  of  solids  per  gallon  there  were  ?-— It 
dues  not  give  it  in  either  case  the  actual  amount  of  sus- 
pended matter. 

4588.  Have  you  nothing  to  show  what  that  is  for  Man- 
chester sewage  generally;  would  it  be  something  like 
forty  grains  per  gallon  ?— In  no  case  is  it  given. 

4589.  Then  you  have  no  data  either  of  the  amount 
of  solids  in  the  filtrate  from  the  coarse  bed — solids  in  sus- 
pension?— ^The  solids  in  susnension?  Well,  I  have  got 
some  data  with  reference  to  that,  but  they  are  not  here. 

4590.  What  I  want  to  get  at  is  as  to  how  many  giains 
per  gallon  are  retained  in  the  rough  bed,  and  how  many  to 
the  fine  bed  ? — ^Well,  the  effluent  is  practicallv  free  from 
suspended  matter  when  it  comes  off  the  rough  ^bed. 
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4601.  Is  that  really  so?— Yos,  practically;  that  is,  it 
could  have  a  very  small  quantity  indeed — it  ifl  opalescent 
in  colour. 

4592.  Do  you  suggest  that  almost  all  the  solids  in  sus- 
pension are  retained  by  the  rough  bed? — No,  no ;  because 
I  am  afraid  that  by  putting  solid  matter  on  to  these  beds, 
in  course  of  time  the  finer  matters  will  wash  out  on  to  tha 
second  bed ;  but  that  suspended  matter  will  be  ultimately 
washed  out. 

4503.  Some  of  it?— Yes. 

4504.  But  do  you  see  any  objection  to  that? — ^Well, 
there  would  be  an  objection  to  pass  it  i^to  the  Ship  Canal ; 
it  would  help  to  silt  up  the  canal. 

4505.  No;  but  we  are  not  understaiiding  each  other. 
You  say  some  of  the  suspended  matter  might  be  washed 
out  of  the  rough  into  the  finer  bed  ?~TYei3,  and  cut  of  the 
finer  bed;  that  is,  the  sandy  matter,  but  no  organic 
matter.  About  half  of  the  solid  matter  in  the  sewage  is 
really  mineral  matter,  which  may  cause  a  deposit. 

4506.  Do  you  think  that  would  nass  through  not  only 
the  first,  but  also  the  second  bed? — I  have  reason  to 
believe  that  it  will  from  my  experiments. 

4507.  You  have  noticed  gritty  matter  in  the  fine 
effluent? — ^Yes,  I  have  where  crude  sewage  has  been  put 
on. 

4606.  What  experiments  have  you  made  at  Manchester 
to  ascertain  the  reductions  of  capacity  of  these  contact 
beds  ? — ^These  have  been  made  by  Mr.  Fowler,  the  chemist, 
and  it  has  been  found  to  go  en  to  a  certain  extent  ana 
then  stop  entirely,  which  clearly  indicates  that  some  of 
the  solid  matters  must  have  been  washed  cut  again.  I 
should  say  this  with  regard  to  this  silting  up  of  these 
beds  :  It  is  not  such  a  serious  matter,  because  the  matter 
which  silts  up  is  fine  sandy  matter,  which  only  limits  the 
capacity  of  the  filter,  and  makes  it  work  slower — ^it  does 
not  actually  stop  the  thing  altogether.  You  would  only 
require  a  larger  area  of  filters  to  still  carry  on  the  process. 
The  materials  themselves  are  just  as  porous ;  they  are 
capable  of  passing  liquid  through  them. 

4500.  This  is  really  a  very  important  matter.  Am  I 
right  in  understanding  you  to  say  that  Mr.  Fowler  finds 
that  the  capacity  is  reduced  to  a  certain  point,  and  then 
remains  constant? — ^Yes,  that  is  so. 

4600.  How  long  had  the  beds  been  working — ^four 
months? — ^Twelve  months. 

4601.  You  mean  the  recent  filters  ? — The  recent  filters. 

4602.  But  they  are  not  dealing  with  crude  sewage,  bub 
sewage  filtrate  ? — At  times  a  good  deal  of  suspended  matter 
comes  down  in  time  of  storm,  over  the  whole  flow  of  the 
tank,  and  they  found  that  the  capacity  of  the  filter  has 
diminished  to  a  certain  extent,  and  then  increases,  and 
that  the  filter  itself  has  risen  up  in  the  centre,  so  as  to 
increase  its  capacity  visibly. 

4503.  But  Sir  Henry  Boscoe  himself  gave  evidence 
before  us  that  the  average  solids  in  suspension  in  what 
went  on  to  these  recent  filters  did  not  exceed  more  than 
1^  grains  per  gallon.  Now  you  are  putting  upon  the  con- 
tact beds,  upon  which  you  have  been  experimenting,  the 
whole  of  the  solids  of  the  sewage  of  Manchester? — ^Ycs. 

4604.  And  it  does  seem  to  me  a  most  material  point  to 
ascertain  how  long  this  test  will  go  on  without  lilting  up  7 
— ^Well,  the  beds  have,  to  a  certain  extent,  silted  up.  I 
hare  not  the  figures  here,  but  I  have  got  them  measured, 
and  I  have  got  the  means  of  measuring  them  regularly — 
the  capacity  of  them. 

4605.  You  are  unable  to  give  the  Commission  any  infcnr- 
mation  as  to  what  the  reduction  has  been? — I  think  it 
was  something  like  47  per  cent. ;  they  diminished  to 
36  per  cent. 

4606.  36  per  cent,  of  what  ? — Of  the  actual  capacity. 

4607.  Of  the  original  water  capacity  ?— Yes. 

4608.  That  was  in  four  months?— Yes,  but  we  always 
reckon  that  a  filter  in  efficient  work  should  allow  a  capacity 
«f  33  per  cent. 

4600.  (Major-Oenerdl  Carey.)  33  per  cent,  of  the  water 
capacity  ? — Of  its  capacity ;  cubic  capacity. 

4610.  {Colonel  Harding.)  Of  its  water  capacity  ?— Of  its 
cubic  capacity ;  33  per  cent,  is  its  water  capacity  of  its 
actual  cubic  capacity. 

4611.  I  am  afraid  that  is  not  quite  clear  ?— Suppose  jou 
hAve  a  filter  of  a  cube  yard. 

4612.  We  are  not  speaking  of  the  cubic  contents  of  the 
bed  before  the  material  is  placed  in  it ;  when  the  material, 
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coke,   breeze,  or  whatever  it  may  be,  is  placed  in  it^        Mr. 
obviously  the  capacity  for  water  is   greatly   reduced  1-^  ^-  ^^**«"«' 
Yes.  16  Fab.  1899. 

4613.  We  start  from  that,  and  call  that  the  original 
water  capacity,  the  first  time  the  bed  is  filled ;  now  wh«t 
reduction  has  there  been  from  that  original  water  capacity 
to  the  present  capacity  ? — ^Well,  there  has  been  a  reduc- 
tion, as  I  say ;  I  think  it  is  from  40  per  cent,  to  36  per 
cent.,  but  that,  in  a  great  measure,  is  due  to  the  materials 
flowing  tc>gether.  That  is  a  settling  due  to  the  working 
and  the  action  of  water,  but  we  ultimately  anticipate  that 
it  will  be  reduced  to  33  per  cent  when  that  filter  becomes 
perfectly  efficient. 

4614.  {Major-General  Carey.)  33  per  cent,  of  the  water 
capacity? — Of  its  full  total  capacity.  Suppose  it  was  a 
cubic  yard  ;  33  per  cent,  is  one*third  of  that. 

4615.  It  is  reduced  from  the  start  by  33  per  cent  to 
get  the  water  capacity  ? — 33  per  cent,  is  the  actual  water 
capacity. 

4616.  The  moment  the  filter  is  full  the  contents  are 
reduced  to  33  per  cent,  to  obtain  the  water  capacity  ? — 
Yes. 

4617.  The  water  capacity  will  be  33  per  cent,  of  the 
cubic  capacity— of  the  actual  capacity  ;  33  per  cent,  of  the 
cubic  capacity  id  the  water  capacity  ? — ^Ycs,  and  66  per 
cent,  is  of  the  material.  • 

4618.  {Colonel  Harding,)  You  start  then,  y^hen  the  bed 
begins  its  work  with  33  per  cent.  ?— 33  per  cent  is  what 
you  anticipate  it  will  be. 

4619.  But  you  started  with  36  ?— We  started  with  some- 
thing about  40  originally,  but  they  settle  down,  the 
filters  ;  they  hold  more  to  begin  with. 

4620.  But  you  started  at  40  ?— It  may  be  40— iti  may  be 
a  little  more. 

4621.  What  is  it  now?— It  was  36  when  it  was  last 
measured. 

4622.  Do  you  actually  suggest  that  the  capacity  has 
been  reduced  in  four  months  by  only  just  4  per  cent.  ? — 
That  was  so. 

» 

4623.  May  I  ask  if  you  have  seen  the  report  in  con- 
nection with  certain  experiments  at  Leeds  ? — No,  I  havj 
not. 

4524.  Because  the  experience  there  has  been  that  there 
is  a  very  large  reduction  of  capacity  ?— Well,  the  reduction 
of  capacity  in  great  measure  is  due  to  the  filtering 
materials  flowing  together. 

4625.  What  effect  would  that  have  ?— Running  togelher, 
consolidating. 

4626.  Would  that  reduce  the  capacity  ?— That  would 
reduce  the  capacity,  because  the  filter  Eubeides  when  the 
water  is  put  upon  it,  and  often  we  have  got  to  put  fresh 
material  on  the  top  to  make  it  up  to  its  original  level. 

4627.  Then  is  there  not  this,  that  if  the  material  breaks 
up,  by  capillary  attraction  it  retains  a  preat  deal  of  the 
water,  and  the  filter  does  not  empty  ?— That  was  so,  be- 
cause originally,  when  the  filter  was  absolutely  dry,  it 
took  much  more  than  that,  because  we  measured  it  on 
the  dry  material  to  begin  with,  but  I  have  not  got  the 
figures  here.  I  could  give  them  to  you,  as  well  as  tlie 
capacity  from  time  to  time  since.  We  have  measured 
them. 

4628.  Well,  I  suggest  to  you  that  that  is  a  very  im- 
portant point  for  investigation  in  connection  with  Man- 
chester experiments  to  get  accurate  results  as  to  reducing 
1*e  capacity  of  the  filters  ?— WeU,  what  we  propose  to  do 
ultimately,  when  the  sewage  has  all  passed  through  a 
process  of  sedimentation,  is  this  :  there  will  be  practically 
little  or  no  solids  to  go  on  to  these  beds.  We  are  only 
trying  that  out  first  to  see  what  we  do  with  them. 

.  ^^'  J^  ^*  ^^  intention  of  Manchester  first  to  pre- 
cipitate ?— No,  not  to  precipitate,  but  to  turn  the  whole 
of  the  sewage  through  the  tanks,  so  that  the  whole  of  the 
mineral  matters  brought  down  by  the  sewere  shall  be 
removed. 

4630.  That  would  be  precipitation  so  far  as  the  mineral 
matters  are  concerned  ?— Precipitation  without  ohemicala. 

4631.  Only  sedimentation  ?— Only  sedimentation. 

4632.  How  much  would  you  remove?— We  should 
remove  one-half  of  the  total  (dudge  we  have  got  to  deal 
with. 

4633.  Your  experiments  of  that  nature  have  not  yet 
been  tried  ?— Oh  1  yes,  they  have.  I  have  made  experi- 
ment m  the  early  period  of  sedimentation,  and  then  (^o«s 
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jfr.  B.      were  so  successful  and  answered  so  well  that  we  thought 
latham.    yfQ  would  try  the  crude  sewage. 

16  Fob.  1809.  4634.  Then  jou  have  not  tried  any  experiments  beyond 
those  at  Friem  Barnet  in  continuous  filtration  combined 
with  continuous  aeration? — ^Yes  ;  I  have  got  a  small  bed 
working  at  Carshalton,  and  I  have  got  a  large  area  which 
will  shortly  be  a/b  work  there  of  the  same  description. 

4636.  Gould  you  tell  us  exactly  in  what  way  that  is 
being  done? — ^The  sewage  at  Oaorshalton  will  be  treated 
chemically  and  then  passed  on  to  these  artificial  filters. 

4636.  Additionally? — ^Additionally. 

4637.  And  in  that  case  do  you  use  the  system  of  sand 
distribution  ? — ^Tes.  It  is  not  sand  ;  it  is  a  sandy  soil ; 
six  inches  of  sandy  soil  is  put  on  the  top  of  the  filter  ;  the 
filter  itself  is  composed  of  breeze  and  oumt  ballast,  and 
a  little  sandy  soil  mixed  with  it. 

4638;  Now,  from  an  engineering  point  of  view,  the 
relative  value  of  the  septic  arrangement  which  you  Jiavc 
been  experimenting  with  at  Manchester,  and  the  double 
contact  beds  would  offer  these  distinctions,  would  they 
not,  that  in  the  case  of  the  septic  arrangement  you  could 
work  more  on  one  level ;  in  the  case  of  double  ontact 
beds  you  must  necessarily  have  the  first  raised  above  the 
second  ? — ^Yes,  that  is  so. 

4639.  And  therefore  po^bly  pumping  arrangements 
would  be  involved  in  the  second  case  which  would  not  be 
necessary  in  the  first? — ^That  is  so,  but  then  you  see  a 
sudden  flow  of  storm  water  through  a  septic  tank  would 
be  much  more  deleterious  to  us  than  it  would  be  through 
two  filters. 

4640.  You  think  it  would  wash  out  the  septic  tank, 
and  would  not  wash  out  the  filters  ? — Certainly.  Then  I 
have  also  to  take  into  consideration  the  expense  ;  the 
expense  of  making  a  large  area  of  covered  septic  tanks 
would  probably  be  double  that  of  a  corresponding  area  of 
filters  to  deal  with  the  same  quantity. 

4641.  Have  you  formed  any  opinion  as  to  the  necessity 
of  covering  septic  tanks  at  all  ? — >No  ;  my  impression  is 
from  what  I  have  seen  that  we  get  rid  of  a  very  large 
quantity  of  matter  indeed  in  an  open  tank  if  you  «inly 
give  it  time  to  pass  through. 

4642.  But  you  think  there  might  possibly  be  objectuns 
to  cesspools  ?-— Yes.  Tanks,  if  they  are  left  open  for  any 
lenf2^h  of  time,  decomposition  takes  place  and  a  kyor 
perhaps  a  foot  deep  of  frothy  offensive  matter  accumulntos 
on  the  surface  of  them.  I  have  seen  in  the  case  of  the 
Burton  tanks  when  they  were  formerly  at  work,  a  layer 
there  that  the  sewage  used  to  ferment  from  the  character 
of  the  sewage  itself,  from  the  washing  of  the  beer  barrels 
going  into  it,  it  used  to  ferment,  and  you  would  get  a  sort 
of  barm  on  the  top  of  the  filters  over  two  feet  deep. 

4643.  Which  in  a  way  acted  as  a  roof? — Of  course,  but 
still  it  was  very  disagreeable,  the  smell  coming  off  this 
decomposition  going  on. 

4644.  Just  one  more  question :  do  you  happen  to  know 
whether  these  analyses  which  you  have  given  to  us  in 
regard  to  Manchester,  Bikton,  and  Carshalton,  are 
analyses  of  sewage  and  effluents  which  have  beer  settled 
or  filtered  first  before  they  were  analysed? — Well,  the 
crude  sewage  is  taken  from  the  sewers  direct  in  the  case 
of  Bilston. 

4645.  But  did  the  chemist  who  made  these  analyses 
allow  the  samples  to  settle  first  and  merely  analyse  the 
supernatant  part,  or  were  they  shaken  up ;  do  you 
happen  to  know? — ^I  cannot  say;  I  could  ascertain,  but 
Mr.  Fowler  himself,  no  doubt,  if  you  havo  him,  could 
tell  you  definitely  in  regard  to  these  samples.  Kvery 
sample  is  very  fairly  drawn.  The  Corporation  of  Man- 
chester have  spared  no  trouble  or  expense  to  see  that  this 
thing  was  effectively  and  properly  carried  out. 

4646.  (Mr,  Cotton,)  With  regard  to  the  Norwood  farm, 
how  was  that  drained  originally?  —  It  was  drained 
originally  as  an  ordinary  land  drainage. 

4647.  How  deep? — ^About  two  feet  six  incheft— three 
feet  deep,  probably  three  feet. 

4648.  And  the  result  was  that  the  ground  broke  up  by 
cracks  and  became  useless  as  a  filter? — The  result  was 
you  would  not  observe  any  cracks  upon  it,  but  minute 
air  openings  occur  in  all  clay  soils  when  it  is  drained,  and 
through  these  air  cracks  the  sewage  went  direct  to  the 
drain  without  purification. 

4640.  However,  th  e  r  eault  was  that  it  was  jri  vena  degree 
of  porosity  that  madte  it  aoftever  since  ?—Wen,lwi!ll  not 
say  that,  because  we  had  to  take  the  wIioIa  of  the  drains 


rut,  and  it  never  succeeded  until  the  drains  were  takeo 

rut. 

4660.  But  since  that  the  ground  has  been  porous  enough 
to  act? — ^It  has  ;  in  fact,  it  is  found  thaik  that  grovmd 
properly  laid  out  with  a  proper  fall  with  the  constant 
circulation  of  water  through  it,  as  I  have  explained  how 
the  water  does  circulate  very  greatly  improves  a  clay 
soil  in  the  course  of  time  permits  this  circulation  to  take 
place  through  it. 

4661.  Has  that  old  Norwood  effluent  been  analysed? — 
Oh  !  repeatedly.  The  Norwood  effluent  goes  into  a  very 
small  stream,  not  more  than  a  ditch,  and  in  dry  time  it 
has  to  carry  itself  without  any  other  water,  and  the  con- 
sequence is  that  under  these  severe  tests  it  has  never  been 
found  to  be  in  a  polluted  state.  It  has  been  most  care- 
fully watched  by  the  sanitary  authorities,  whose  district 
it  goes  through  after'  leaving  Norwood. 

4652.  {Major-General  Carey,)  With  regard  to  storm 
water,  is  not  the  first  rush  of  storm  water  very  polluting? 
— Often  it  is,  very. 

4653.  Should  not  a  certain  proportion  of  the  wet  weather 
flow  be  fully  treated  as  sewage  without  reducing  the 
periods  of  rest  in  the  filters  ? — That  all  depends  upon  the 
strength  of  the  sewage.  As  I  say,  it  is  absolutely  essential 
if  sewage  is  a  certain  strength  that  it  must  undergo  a 
certain  process,  and  for  that  purpose  we  propose  to  use  a 
three  minutes'  oxygen  test  to  know  at  the  time  b^ng 
what  is  the  strength  of  the  sewage  you  have  got  to  deal 
with. 

4654.  Take  ordinary  sewage? — ^You  see,  storm  water, 
although  it  appears  to  be  a  great  bugbear,  is  not  such  a 
big  thing  after  all  the  volume,  because  if  all  the  rain, 
for  instance,  in  London  is  added  together  every  minute 
that  it  falls  throughout  the  year  it  does  not  come  to  an 
average  of  more  than  twenty  days  in  the  year,  so  that  it 
is  not  a  very  serious  matter  altogether. 

4655.  If  it  would  be  regular  in  the  pollution,  but  of 
course  when  the  storm  does  come,  the  pollution  may  be 
very  great  ? — ^That  is  so ;  it  is  intermittent. 

4656.  And  treatment  of  some  sort  is  necessary? — 
Certainly. 

4657.  My  question  is  whether  the  fij»t  rush  of  storm 
water  should  not  be  fully  treated  as  sewage? — It  would 
nsfturally  be  so. 

4658.  Up  to  a  certain  proportion? — It  would,  because 
the  three  minutes'  oxygen  test  would  show  that  it  was 
sewage  to  be  treated  in  a  certain  way,  and  it  would  have 
to  go  through  that  definite  treatment ;  otherwise  we  should 
not  comply  with  the  standairds  laid  down  for  our  guidance 
of  purificaticm. 

4659.  What  provision  is  made  for  dealing  with  storm 
water  at  Friem  Barnet? — ^The  whole  of  the  foem  Bamet 
— there  is  not  a  storm  water  overflow  in  the  district,  and 
all  of  it  goes  on  to  the  works,  on  to  the  filters.  All  that 
happens  is  thait  if  one  filter  will  not  take  it  it  is  put  on  to 
a  second  ona 

4660.  (Colonel  Harding,)  They  have  a  spare  area? — ^We 
have  four  areas  and  probably  we  use  one  at  a  time  for  a 
week,  therefore  we  have  always  got  three  in  hand. 

4661.  (Major-General  Carey,)  What  do  you  consider  to 
be  a  maximum  proportion  of  sewage  in  gallons  per  acre 
which  can  be  effidently  purified  on  a  suitable  soil,  first 
by  broad  irrigation  after  the  solid  matter  has  been  removed 
by  screening,  and  secondly  with  chemical  treatment  by 
precipitation  ? — It  would  all  depend  on  what  is  the  nature 
of  the  soil. 

4662.  I  say  a  suitable  soil  ?— I  would  rather  treat  it  hy 
the  number  of  people  per  acre,  the  amount  of  polluting 
matter,  than  by  the  number  of  gallons,  because  sewage 
varies  enormously  in  volume.  For  instance,  take  the 
Croydon  sewage  ;  why,  when  the  springs  are  hig^,  we  have 
often  10,000,000  gallons  a  day  of  subsoil  water  in  the 
sewage. 

4663.  That  is  an  exceptional  case,  is  it  not  ? — ^Well,  that 
is  a  case  which  we  are  dealing  with  on  the  farm.  We  have 
had  over  10,000,000  gallons  a  day.  When  they  are  at  a 
low  water  period  we  will  not  have  more  than  1,000,000 
gallons  a  day  in  the  sewers  of  leakage. 

4664.  Do  you  not  think  it  better  to  make  the  propor* 
tion  of  gallons  per  acre  to  making  the  proportion  of  popu- 
lation per  acre? — ^No,  I  would  say  population  per  acre, 
because  if  the  sewage  is  extremely  strong  it  wants  an 
adequate  area  to  take  it  over.  Tery  dilute  sewage,  yon 
see,  could  be  passed  over  a  large  area,  and  really  the 
sewage  does  pass  aU  standards  of  purification  to  begin 
with*    In  fact,  the  Oroydon  sewage  itself,  when  these 
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q>ruig8  are  high,  is  actually  purer  than  most  of  the  efflu- 
eiits  in  other  sewage  farms. 

4665.  On  page  two  of  your  evidence  you  do  not  abso- 
lutely condemn  clay  land  as  useless  for  filtration? — Oh, 
certaonly  not. 

4666.  You  regard  it  simply  as  the  least  suitable? — ^I 
regard  clay  laiid  as — ^where  tiiere  is  no  other  land  to  be  got 
you  are  bound  to  use  clay  land,  and  the  majority  of  our 
sewage  farms  are  upon  clay  soils. 

4667.  Would  you  expect  a  satisfactoiy  effiuent  to  be 
produced  from  a  small  area  of  olay  land  with  the  high  rate, 
say,  of  1,000  population  to  the  acre  after  chemical  treat- 
ment and  precipitation  ?— Certainly  not.  I  do  not  think 
that  more  than  300  per  acre,  which  was  the  limit  we  got 
to  at  Norwood,  when  we  had  to  increase  the  area  ;  it  is  as 
much  as  erer  ought  to  be  put  on. 

4668.  A  proportion  of  300  to  the  acre  ?— 300  for  clay 
land. 

4660.  After  chemical  treatment  ?— Ko ;  I  will  not  say 
after  chemical  treatment 

4670.  But  I  am  assuming  that  there  is  chemical  treat- 
ment ?— Well,  I  should  not  like  to  say,  because  I  do  not 
think  that  chemical  treatment  removes,  you  see,  about 
50  per  cent,  of  the  impurities,  and  at  the  same  rate,  even 
in  regard  to  dealing  with  ordinary  sewage,  it  would  want 
600  per  acre  on  a  clay  soil. 

4671.  Do  you  consider  that  these  day  soils  should  be 
underdrained  ?— Oh,  no ;  I  think  a  gravelly  soil  may  be 
underdrained,  and  deal  with  enormous  quantities  of 
sewage. 

4672.  You  would  advocate  the  underdraining  of  clay 
soils  and  other  soils  ? — Not  necessarily  so,  unless  you  have 
got  a  very  large  volume  of  sewage  to  put  on  to  it.  If  you 
have  got  a  sewage  of  1,000  people  to  the  acre  to  put  on 
to  the  soil  it  would  be  absolutely  necessary  to  drain  it. 
You  would  not  get  it  through ;  you  would  not  get  it 
purified ;  it  is  simply  passing  it  over  it  at  that  rate. 

4673.  With  respect  to  the  Norwood  farm,  which  you 
have  referred  to  at  page  3,  Jiave  not  the  Corporation  re- 
cently laid  out  part  of  the  land  for  artificial  filtration,  in 
order  to  produce  a  better  effluent?— They  have  acquired 
a  larger  area  of  land  there,  and  they  are  making  some 
ezperiments-^bacteriological  beds. 

4674.  In  order  to  produce  a  better  .effluent  ? — No  doubt. 

4675.  They  cannot  turn  out  a  satisfactory  effluent,  or 
sufficiently  satisfactory  to  discharge  into  the  river  ?— Well, 
I  do  not  know.  I  have  had  nothing  to  do  with  them  for 
many  years. 

4676.  You  say  the  work  has  been  working  satisfactorily 
now  for  considerably  over  thirty  years,  producing  a  very 
fair  effluent  You  do  not  know  what  the  proportion  of 
population  per  acre  is  to  the  Beddington  farm  ? — 600  acres 
are  under  cultivation.  I  suppose  there  would  be  about 
90,000  people  draining  into  that  outfall  at  the  present 
time. 

4677.  The  Friem  Bamet  filters ;  is  any  rest  allowed  ?— 


4678.  After  the  filters  are  empty?— Yes,  one  of  the 
four  filters  is  only  used  probably  for  a  week  continuously, 
and  then  that  is  allowed  to  rest,  to  dry  and  rest. 

4679.  How  long  ? — Until  it  is  required  again  ;  then  one 
of  the  other  filters  would  be  used.  There  are  four  of 
them,  so  they  would  be  used  in  succession. 

4680.  Each  work  continuously  for  a  certain  time,  then 
allowed  to  rest? — ^Then  allowed  to  rest. 

4681.  For  what  period ;  it  may  be  for  a  week  ? — ^It 
might  be,  and  if  a  storm  came  that  you  might  have  to  fill 
all  the  filters  then.  I  have  seen  all  the  filters  at  work  at 
one  time,  in  t.i!ne  of  very  severe  storm. 

4682.  But  you  have  sufficient  filtering  area  to  allow  of 
complete  rest  for  each  filter?— Yes,  we  have  ordinarily, 
except  at  an  exceptional  time  of  rain. 

4683.  As  to  the  proportion  of  population  per  acre  that 
you  treat  at  Friem  Bamet,  would  it  come  to  about  forty 
gaUons  per  square  yard  ?  Is  that  your  wiATi'Tni^yn  limit  ?--^ 
There  are  about  8,000  neople,  have  I  not  given  you. 

4684.  6,000  to  7,000.  I  am  taking  it  at  30 
gallons  per  head.  That  comes  to  about  2^,000  gallons 
per  acre? — ^Well,  there  is  nothing  Uke  that  volume  of 
sewafl^e  at  Friem  Bamet,  ordinary  sewage,  as  the  water 
supply  is  intermittent  and  very  unsatisfactory  in  the  dis- 
trict, and  it  is  a  very  strong  sewaee,  and  strong  sewage  is 
always  a  difficnlt  sewage  to  deal  with  to  purify,  yery 
much  more  so  than  these  dilute  sewages. 

4689i  <Aii4)1ltte  Mi'^iMt^  Hi  Mel^tes. 

i»ir 


4686.  On  page  13  you  say  "  that  with  bacteria  beds  3       JKn 
feet  deep,  there  can  be  little  doubt  that  the  sewaffe  of  ^'  ^«[**«"»» 
10,000  people  per  acre  can  be  perfectly  purified."    That  isFeb.  I809 
would  come  to  about  300,000  gallons  per  acre  ?— Yes.    The 
volume  of  sewage  is  much  greater  per  head  than  30  gallons. 
The  Manchester  flow  of  sewage  varied  last  year  from-  38 
gallons  per  head  per  day  to  6^  gallons  per  head  per  day 
taken  over  an  average  of  one  week. 

4687.  Or  say  60  gallons  per  square  yard  7 — ^Yes. 

4688.  Do  you  know  that  a  much  higher  rate  is  claimed 
for  the  Sutton  system  of  filters?— Well  that  is  as  much 
as  I  consider,  after  most  careful  consideration. 

4689.  You  consider  that  a  maximum  rate? — I  consider 
that  a  maximum  rate. 

4690.  That  should  be  allowed  ? — ^Yes,  certainly. 

4691.  And  if  you  inoreased  that  rate  what  would  hap- 
pen ? — If  you  increased  that  rate  you  would  find  that  the 
effluent  will  not  stand  this  incubator  test ;  that  the  effluent 
is  liable  to  undergo  a  decomposition.  I  look  upon  the 
incubator  test  as  one  of  the  best  methods  of  being  able  to 
say  whether  real  purification  is  taking  place  or  not. 

4692.  You  say  on  page  14,  ''  It  is  essential  abo  that  after 
having  been  in  contact,  the  bed  should  be  effectually 
drained  and  allowed  time  for  aeration."  What  time  do 
you  consider  essential? — ^Well,  what  we  are  proposing 
to  do  in  the  case  of  Manchester  is  to  get  the  sewage  on 
to  a  bed  in  half  an  hour,  let  it  remain  in  conftact  two  hours, 
get  it  off  again  as  quickly  as  we  can,  and  allow  it  to 
aerate  them,  so  we  ought  to  get  them  filled  and  emptied 
in  six  hours,  four  times  in  the  twenty-four  hours. 

4693.  That  is  not  four  hours  rest  ? — No. 

4694.  That  does  not  allow  four  hours  rest  ? — No  ;  it  is 
three  hours  practically  we  allow  them  rest.  That  would 
be  the  maximum  that  we  should  be  doing. 

4605.  Or  the  minimum  period  of  rest  ? — ^That  would  be 
the  average  period  of  rest  during  the  twenty-four  hours. 
At  one  period  of  the  day,  possibly  when  the  sewage  is 
strongest,  th«  time  would  probably  be  altered  somewhat 
so  as  to  give  a  little  longer  contact,  and  a  little  longer 
period  of  rest,  whereas  in  the  early  hours  of  the  morning 
and  in  the  night  time  when  there  is  dilute  sewage  coming 
down  the  times  might  be  shortened. 

4696.  You  say  that  when  land  is  not  suitable  for  the 
purpose  of  irrigation,  or  there  is  a  difficulty  in  acquiring 
it,  the  bacteria  bed  system  offers  a  complete  solution  for 
the  purification  of  sewage  ? — ^Yes,  that  is  so. 

4697.  Have  you  made  comparative  experiments  to  ascer- 
tain that  fact  ?--Certainly. 

4698.  I  mean  experiments  with  the  land  and  with 
bacterial  treatment  7--I  have  been  making  experiments  all 
my  life. 

4699.  You  have  not  been  working  these  bacteria  bed» 
all  your  life?— Well,  I  have  been  working  at  tjhese  bao- 
terial  beds  ever  since  1881,  after  the  discoyery  was  made- 
of  the  organism  on  the  Paris  sewage  farm. 

4700.  As  regard  the  practical  application  of  a  system  of 
bacterial  treatment  as  compared  wi'Ui  land  treatment,  ia  not 
far  closer  supervision  of  the  process  necessary,  which  it 
may  be  very  difficult  to  obtain  in  small  districts  ? — That  is 
no  doubt  so.  In  my  judgment  the  bacterial  plan  is  not 
adapted  to  small  places,  and  land  would  be  vastly  superior 
as  requiring  very  little  attention.  The  great  eesentiiJ 
with  regard  to  bacterial  treatment  must  be  the  proper- 
supervision  of  it  from  time  to  time  throughout  the  day,, 
which  cannot  be  given  in  small  districts. 

4701.  (Sir  Bichard  Thome,)  Would  you  tell  me  if  you 
have  come  to  any  conclusion  as  to  the  value  of  crops  on 
irrigated  land,  whether  they  do  add  materially  to  the 
value  of  the  irrigation  system?— Of  course,  they  give  a 
return  which  makes  the  process  of  irrigaldon  not  so  ex- 
pensive. 

4702.  Do  they  do  anything  material  as  regards  the  puri- 
fication of  the  sewage  ;  the  return  would  seem  to  imply 
that  they  took  something  up?— No,  sir,  they  do  not 

4703.  Thev  do  not? — ^It  was  originally  thought  so,  but 
it  has  since  been  shown  to  be  a  faUacy. 

4704.  And  that  is  your  view  also?— That  ia  my  yiew 
entirely* 

4705.  Would  you  kindly  tell  me  what  precise  experi- 
ments you  refer  to  when  you  say  that  pathogenic  or^^anismn 
cannot  percolate  into  the  wells  in  the  neighbouifhoodat 
— I  was  alluding  to  that  one  particularly  at  Croydcii, 
where  there  was  a  great  outbreak  of  typhoid  in  18TO. 

4706.  When  we  did  not  know  anything  about  patho< 
genie  organisms? — There  was  the  fact  that  the  water  was 
bei^  i!i;»6d  f^r  domds^c  Ipiuriibseil  ffdfa'  #eIU  dxMhiorA  (ji 
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Ur.       the  gravellj  soil  in  close  proximity  to  the  sewage,  that 
B.  Latham,  gg^gge  containing  these  pathogenic  organisms. 

i«Feb.i8».  4707.  But  there  was  not  any  proof  whatever  that  the 
sewage  got  into  the  weLs,  although  there  was  an  oscilla- 
tion in  tihem  corresponding  to  the  rise  and  fall  of  water  on 
the  faiMi  ? — There  was  not  the  shadow  of  a  doubt  the  main 
bulk  of  the  w^ter  was  from  the  sewage  farm  down  to  the 
Wandle,  and  all  the  subsoil  water  or  effluent  from  the 
sewage  farm,  and  these  houses  were  all  located  in  between 
the  bottom  of  the  sewage  farm  and  the  river  Wandle. 

4708.  What  was  the  distance  between  the  wells  and 
the  parts  actually  under  irrigation  ?— Some  fifty  or  sixty 
feet  only. 

4709.  You  know  of  no  definite  experiments  on  the  point ; 
it  is  merely  an  inference  from  i^at  epidemic? — ^Well,  I 
should  like  to  say  this,  that  when  Mr.  Clare  Sewell  Bead 
and  Mr.  Thursfield  and  myself  were  examining  the  sewage 
farms  for  the  Royal  Agricultural  Society  some  years  ago, 
one  of  the  things  we  had  to  consider  was  the  sanitary  con- 
dition of  those,  and  in  every  instance  we  inquired  into 
the  health  of  the  people  living  upon  these  farms. 

4710.  What  was  the  date  of  this,  may  we  ask  ?— In  1879. 

4711.  Asain,  before  anything  was  known  of  pathogenic 
organisms  ?— -Yes  ;  still,  iJthough  unknown,  it  was  shown 
that  there  was  not  a  single  one  of  those  farms  that  any- 
where they  drew  the  water  supply  from  wells  upon  the 
farm,  that  there  was  not  a  single  one  on  which  there  had 
been  an  outbreak  of  disease  that  we  could  find  ever  since 
the  farm  had  been  in  operation. 

4712.  They  are  not  experiments  ;  they  are  mere  in- 
ferences from  certain  facts? — WeU,  they  are  inferences 
drawn  from  what  we  observed. 

4713.  You  do  not  mean  to  say,  I  suppose,  that  the 
pathogenic  organisms  in  sewage  are  destroyed  in  the  soil  ? 
— ^WeU,  I  have  made  no  experiments  to  show  that  that  is 
so  or  not. 

4714.  Do  you  know  there  are  plen^  of  experiments  to 
show  that  thev  are  not  destroyed? — Well,  we  know  that 
they  have  had  no  deleterious  effect  after  treatment  such 
as  they  have  had  on  a  sewage  farm. 

4716.  May  I  ask  you  with  reference  to  your  statement  to 
the  effect  that  the  passing  of  sewage  through  contact  beds 
gave  you  an  effluent  absolutely  as  pure  as  the  water  which 
originally  supplied  the  district  producing  the  sewage  ; 
whether  that  is  merely  inference,  or  whether  that  is  the 
result  of  actual  experiment  ? — ^That  is,  we  have  been  pass- 
ing it  through  four  times  and  we  get  that  result. 

4716.  What  result? — The  result  that  the  purification  is 
just  as  pure. 

4717.  By  what  test — chemistry? — Chemical  test. 

4718.  Again,  there  is  no  direct  bacteriologic  experiment  7 
— No  ;  we  know  that  enormous  numbers  of  experiments 
used  to  be  made  years  a^,  tnat  nobody  ever  went  to  a 
sewage  farm  but  what  they  would  always  drink  a  glass  of 
the  effluent  to  show  how  pure  it  was.  I  never  heard  of  any 
accident  happening  to  anyone  who  drank  it.  But  thirty 
years  ago  it  was  as  common  as  possible  for  anyone  to  go 
to  the  Croydon  sewage  farm  to  drink  a  glass  of  the  effluent 
water,  it  was  so  clear  and  pure  to  all  intents  and  purposes. 

4719.  Much  the  same  argument  that  people  use  who, 
escaping  on  exposure  to  scarlet  fever,  declare  it  is  not 
infectious.  But  that  is  a  very  important  statement  of 
yours ;  I  should  like  to  carry  it  to  a  logical  conclusion. 
Would  not  that  mean  that  if  you  had  charge  of  a  number 
of  towns  on  a  river,  and  you  could  deal  with  them  as  you 
thought  best  with  regard  to  their  sewage  effluent,  you 
could  guarantee  that  the  people  could  drink  the  river 
water  notwithstanding  that  any  amount  of  sewage  effluent 
was  flowing  in  just  above  the  water  intake  ? — ^Provided  the 
sewage  effluent  had  gone  through  this  process. 

4720.  Provided  you  managed  it? — Certainly. 

4721.  You  are  perfectly  clear  about  that? — I  am  per- 
fectly clear  about  it. 

4722.  Do  you  know  anyone  else  who  is? — ^I  do  not 
know. 

4723.  You  bring  forward  Wycombe  as  a  case  in  w^oh 
you  say  there  that  the  sewage  of  1,000  people  to  the  acre 
has  been  most  effectually  purified  on  the  lines  which  were 
originally  laid  out  ? — ^Yes. 

4724.  Do  you  know  that  those  people  are  constantly  in 
trouble  with  the  Thames  Oonservaooy  because  of  their 
imperfect  effluent? — ^Yes»  only  in  recent  years,  because 
the  population  has  been  enormously  increased,  and  tho 
area  of  land  has  not  increased.  As  long  as  there  was  1,000 
people  to  the  acre  you  will  find  from  the  result  of  the 
investigations  they  turned  out  one  of  the  purest  effluents 
that  has  ever  been  turned  out 


4725.  But  surely  the  population  of  High  Wycombe  has 
not  enormousdy  increased  f — ^Indeed  it  has. 

4726.  Well  you  know  that  they  have  been  in  tronble 
for  many  years  past  ? — I  do  not  know  what  the  trouble  ia 
now  ;  I  know  tliat  the  analyses  which  were  put  in  in  the 
investigation  in  the  Water  Inquiry  showed  the  Wycombe 
effluent  to  be  most  satisfactory. 

4727.  The  Chairman  of  the  Public  Health  Committee 
says,  in  1897,  in  a  printed  document,  '*that  the  pressure 
(in  the  Authority  by  the  Thames  Conservancy  Board 
renders  it  necessary  that  something  should  be  done  with- 
out further  delay."  ?— Yes  ;  well? 

4728.  I  only  ask  you  whether  you  really  bring  forward 
the  High  Wycombe  case  as  a  typical  one  of  succeesfol 
result? — All  I  say  is,  as  long  as  you  confine  it  to  1,000 
people  to  the  acre,  there  is  no  difficulty  whatever  with 
regard  to  it. 

4729.  {Major-General  Carey.)  That  would  be  your 
limit? — ^That  was  the  limit,  yes. 

4730.  And  that  would  be  the  limit  now  ?— That  is  my 
limit  now,  but  I  believe  it  is  something  like  1,500  to  the 
acre  at  the  present  moment  there. 

4731.  {Sir  Bichard  Thorne,)  His  Lordship  reminds  me 
that  I  did  not  definitely  ask  you  on  that  statement  of 
yours  with  regard  to  sewage  treatment  by  chemicals  and 
then  passing  the  effluent  through  contact  beds  producing 
water  absolutely  as  pure  as  that  which  originally  supplied 
the  district,  whether  the  statement  was  based  on  purely 
chemical  experiments,  or  whether  it  had  anything  to 
do  with  any  bacteriological  experiments? — It  has  to  do 
principally  with  chemical  experiments. 

4732.  You  say  principally? — ^Yee. 

4733.  How  much  was  not  chemical  ? — ^The  rest  is  deduc- 
tion from  the  chemical  process. 

4734.  No  other  experiments  but  chemical  ? — That  is  sa 

4735.  That  practically  solves  the  whole  sewage  diffi- 
culty, does  it  not?— Well,  the  difficulty  would  be  in 
getting  a  place  where  you  could  pass  it  four  times  in  sno- 
cessio.i.  You  see  you  have  not  the  fall  in  unless  the 
sewage  is  pumped. 

4736.  You  do  not  say  four  ;  you  say  a  number? — ^I  am 
thinking  of  four. 

4737.  Would  that  be  the  minimum  ?— That  would  be 
the  minimum  to  get  such  a  result  as  that.  I  am  conclud- 
ing 50  i)er  cent,  is  removed  each  time  it  is  passed  through 
a  bacteriological  bed. 

4738.  Do  you  know  any  place  where  the  levels  enable 
them  to  get  four  contact  beds  after  chemical  treatment?— 
I  say  it  could  only  be  done  in  most  cases  by  pumping. 

^9.  Do  you  know  anywhere  where  it  has  been  done! 
—No  ;  of  course  not,  because  it  is  quite  a  new  thing, 

4740.  But  you  gave  us  the  result  of  it,  unfortunately ; 
you  say  It  18  absolutely  as  pure  ?— We  are  working  three 
beds  at  Manchester  at  the  present  time. 

4741.  And  does  that  convert  the  sewage  into  wa4w 
as  pure  as  that  which  came  into  the  town;  I  mean  is 
not  this  pure  surmise  ?— No,  indeed,  it  is  not ;  it  must 
be  taken—for  instance,  now  take  the  water  at  Man- 
chester—the water  at  Manchester  contains  very  little 
mmera.^  water  when  it  comes  into  the  town.  It  does 
not  app.y  to  the  mineral  matter  in  the  water,  it  appUea 
only  to  the  organic  impurities  in  the  water  whic£  are 
capable  of  being  removed  by  a  bacterial  process. 

4742.  (C^atman.)  You  have  never  examined  it  from 
tne  bacteriological  point  of  view  at  all  ?— No. 

4743.  Then  I  mean  you  are  not  stating  a  fact,  but  stat* 
mg  what  you  thmk  would  be  a  fact  ?-What  we  know  from 
the  chemical  analyses. 

4744.  {Sir  Bichard  Thome,)  But  how  can  you  refer  to 
chemical  analyses  if  the  thing  has  never  been  carried 
out?- We  are  working  three  beds  together  now  at  Man- 
chester, so  we  know  exactly. 

4745.  Is  the  effluent  at  Manchester  as  pure  as  the  wate* 
which  comes  into  Manchester  ?— It  wouW,  if  it  passed 
through  another  bed.  f«»wi 

jJ^'  VJ^'^-I  .?.'  ^°''  ^^^l^ot  got  that  additional  bed? 
—It  would,  if  it  IS  passed  through  anotiher  bed. 

4747.  That  is  precisely  the  surmise  ?— Exactly,  becansa 
we  see  now  what  the  law  is,  that  each  purificatioA  reduce. 
the  impunties  50  per  cent. 

4748.  I  am  not  objecting  to  your  surmises,  I  only 
wanted  to  be  clear  that  they  are  snnnises  ?— It  seemTto 
be  a  law  that  by  each  one  of  those  beds,  you  can  immo?* 
the  impunties  from  the  previous  beds  by  60  per  ceul. 
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Major-Gen.  Constantine  Phipps  Carey. 


Dr.  James  Burn  Hussell. 
Colonel  Thomas  Walter  Harding. 
Mr.  Charles  Philip  Cotton. 


Mr.  F.  J.  Willis,  Secretary, 


Mr.  C.  J.  Whiitaker,  called  in ;  and  Examined. 


4749.  {Sir  Bichard  Thame.)  You  are,  I  believe,  Whifc- 
worth  Scholar,  1880 ;  Chairman  of  the  Accrington  and 
Church  Outfall  Sewage  Works ;  engineer  and  chemical 
manufacturer  ? — ^I  am. 

4750.  Will  you  kindly  describe  frppi  the  very  begin- 
ning the  works  which  have  been  carried  out  under  your 
supervision  at  Accrington? — The  existing  works  were 
Banctioned  by  the  Local  Government  Board  in  1886, 
opened  in  May,  1889;  Plan  A  shows  the  works,  as 
originally  carried  out,  consisted  only  of  five  tanks,  two 
of  which,  Nos.  1  and  2,  were  used  as  precipitation  tanks. 
From  these,  the  sewage,  alter  remaining  quiescent  for  a 
short  time,  was  drawn  off  alternately  into  one  or  other 
of  the  remacning  three  large  tanks,  Nos.  3,  4,  and  5, 
where  it  was  allowed  to  settle.  The  clarified  (or  partially 
clarified)  sewage  was  then  run  off  directly  into  the  river. 
The  deposited  sludge  left  at  the  bottom  of  the  tanks  was 
run  on  to  the  waste  land  adjoining,  and  also  into  a  dis- 
used quarry.  A  small  quantity  of  lime  was  added  to  pre- 
cipitate the  solid  matters  contoined  in  the  sewage.  The 
process  was  to  slake  the  lime  on  the  floor  by  adding  just 
enough  water  to  cause  it  to  fall  to  a  dry  powder.  It  was 
then  screened  and  raised  by  a  chain  hopper  arrangement 
to  the  mixer,  into  which  it  was  converted  into  thin  milk 
of  lime,  by  being  agitated  with  some  of  the  raw  sewage 
pumped  up  for  this  purpose.  The  milk  of  lime  was  then 
conveyed  to  the  outfall  sewer,  where  it  was  incorporated 
wrEh  the  rest  of  the  sewage  bv  means  of  a  rotating  paddle* 
Ho  means,  however,  were  adopted  for  artificial  filtration, 
whereby  the  soluble  matters  of  the  sewage  might  be  ren- 
dered innocuous,  nor  was  anything  done  to  deal  with  the 
sludge.  I  was  appointed  Chairman  to  the  Board  in  1^4, 
the  plans  for  alterations  to  the  works  were  approved  by 
the  Board,  and  work  commenced  in  September,  1895.  On 
reference  to  the  plan  it  will  be  seen  that  the  mam  out- 
fall sewer,  which  is  6ft.  Oin.  x  4ft.  Oin.  discharges  the 
sewage  into  a  screening  chamber  where  tiiie  detritus  is  de- 
posited ;  this  chamber  is  provided  with  a  wrought  iron 
grid  or  screen  to  prevent  floating  matter  and  large  sub- 
stances  from  passing  forward  into  the  precipitation  tanks. 
A  revolving  fork  arrangement  deans  the  screen  by  lifting 
the  deposited  material  to  the  surface.  The  chamber  has 
also  a  hopper  dredger  for  the  purpose  of  removing  the 
detritus  that  accumulates  at  the  bottom.  Leaving  the 
screening  cham<ber  the  sewage  passes  along  the  mixing 
channel,  underneath  the  labondx>ry  and  mixing  house, 
to  the  main  channel  alopgside  the  precipitation  tuiks. 
The  mixing  channel  is  divided  longitudinally  by  means 
of  an  iron  upright  plate  to  which  are  fixed  baffle  plates. 
The  chemicals  are  added  separately  near  the  screen,  the 
milk  of  lime  to  the  narrower  portion  of  the  channel,  and 
the  copperas  to  the  larger  section.  The  two  portions  of 
sewage  charged  with  these  chemicals  un^te  at  the  channel 
adjoining  the  precipitation  tanks  and  here  become  mixed. 

4751.  Will  you  kindly  tell  us  what  that  was  mixed 
with  7---Lime,  copperas  and  alumino-ferric  are  used  as 
precdpitants.  The  mixing  room  is  provided  with  two 
pneumatic  lime  mixers  and  two  pneumatic  copperas  or 
alumino-ferric  mixers,  to  superseoe  the  old  lime  mixer. 
In  the  former  the  lime  is  added  in  lump  and  is  slaked  by 
excess  of  water,  the  milk  of  lime  thus  produced  is  kept 
agitated  and  of  uniform  consistency  bv  a  current  of  air 
forced  from  the  engine-house.  A  similar  arrangement  is 
provided  to  the  conneras  mixers.  The  lioir'ds  are  run 
into  separate  channels  and  delivered-  into  the  sewage  as 
already  described.  The  water  for  mixing  purposes  is 
forced  from  a  well  in  the  engine-house  into  which  it  is 
run  from  the  effluent  tanks,  and  is  delivered  into  a  cistern 
in  the  mixing  house  and  here  distributed.    The  shed  for 
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the  storage  of  chemicals  is  at  the  entrance  of  the  mixing  ^ 
house.  After  the  sewage  has  been  chemically  treated  ^'(t^A^ 
it  is  run  into  the  precipitation  tanks  1  and  2  alternately, 
passing  along  the  channels  shown  on  plan  in  the  direction 
indicated  by  arrows.  These  tanks  are  provided  with 
screen  walls  near  to  the  side  of  the  tanks  to  prevent  as  far 
as  possible  the  accumulation  of  scum  in  the  larger  portion 
of  the  tanks.  The  sewage  is  discharged  into  the  tanks 
over  the  edges  of  cast  iron  channels  ;  at  the  bottom  of  the' 
tanks  underneath  these  channels  the  bulk  of  the  sludge  is 
deposited,  and  afterwards  drawn  off  through  the  mains 
into  the  sludge  sump.  After  the  treated  sewage  has  re- 
mained for  some  time  quiescent,  and  become  to  a  great  ex- 
tent darified,  it  is  drawn  off  by  the  floating  arms  into  the 
effluent  tanks  Nos.  1  and  2  alternately.  These  tanks  are 
also  provided  with  screen  walls  similar  to  those  already 
described.  It  overflows  from  these  tanks  into  c^uent 
tanks  Nos.  5  and  4  respectively.  From  these  the  effluent 
overflows  into  the  chambers  adjoining  the  roughing  filters. 
A  portion  of  the  effluent  from  tanks  Nos.  3  and  4  is  run 
into  the  well  in  the  engine-house  and  partially  utilised 
for  mixing  chemicate.  The  dimensions  of  the  precipita- 
tion and  effluent  tanks  are  as  follows,  viz.  :  — 
Precipitation  tanks — 


No.  1— lOlft.  9:n.  X  69ft.  Sin. 
No.  2— 101ft.  Oin.  X  59ft.  8in. 


. . .  674i  square  yards. 
...  674i  „ 


Total  area 1349 


Capacity  in  gallons — 


No.  1 
No.  2 


Total  area    . . . 


254,450 
254,450 

508,900 


Effluent  tanks- 
No.  1— 101ft  Sin.  x5Sft.  2in.  ...  657  square  yards. 
No.  2— 101ft.  8  in.  x5Sft.  2in.  ...  657 
No.  3— 101ft.  Oin.  X  74ft.  2in.  ...  832 
No.  4— lOm.  OJi.  X  74ft.  2in.  ...  832 

Add  two  chambers  alongside  roughing 
filters  each  101ft.  Om.  x  5ft.  Oin«...  112 


Total  area... 


30d0 


19 


>> 


Capacity  in  Gallons 

No.  1 
No.  2 
No.  3 
No.  4 


305,670  gallons. 
305,670 
380,520 
380,520 


1,372,380 


I) 


The  roughing  filters  are  composed  of  coke  supported 
on  steel  girders  and  cast-iron  gratings,  being  sufficiently 
raised  above  the  floor  to  admit  of  ventilation,  inspection, 
and  cleaning.  They  are  in  duplicate,  each  divided  into 
four  compartments,  the  effluent  passes  upwards  tii  rough 
the  coke,  which  is  4ft.  Sin.  in  depth,  and  runs  over  ut 
the  top  and  down  the  outside  walls  of  the  filters  into  the 
channel  leading  to  the  secondary  filters — see  drawings. 
The  effluent  can  also  be  drawn  off  by  means  of  ISin. 
valves  fixed  at  the  bottom  of  the  filters ;  this  will  allov 
the  filtering  material  to  become  aerated  and  have  rest 
There  are  six  filters  constructed  of  coke,  having  a  deptj 
of  2ft.  9in.  ;  these  can  be  worked  intermittently,  beinj 
in  duplicate.     Each  filter  is  provided  with  a  screen  wal' 
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Mr,  c.  J.  perforated  at  the  bottom,  and  situate  at  that  end  of  the 
WhiUaMer.  filler  n^ar  the  outlet.  The  effluent  passes  through  these 
perforations  and  flows  upwards  and  runs  over  the  perfo- 
rations on  the  top  of  the  wall  of  the  filter  into  the  next 
filter.  This  process  is  repeated  until  the  purified 
effluent  reaches  the  final  outfall  channel,  down  which  it 
runs  to  the  outfall  chamber,  and  is  then  discharged  into 
the  river.  Each  filter  has  two  valves,  by  which  the  water 
can  be  drawn  off  as  may  be  desired,  thus  enabling  the 
filters  to  have  rest  and  aeration.  The  following  particu- 
lars show  the  pizes  and  contents  of  the  various  filters, 
viz.  :  — 

Coke  Roughing  Filters. 
Superficial  Area : 


(Ko-M 


No.  1—4  Chambers,  each  44  ft.  2  in.  x  '^ 
24  ft.  1  in.,  118  square  yds.       -/ 

No.  2—4  Chambers,   each  44  ft.  2  in.  x  I 
24  ft.  1  in.,  118  square  yds.       -  j 

Total  area    -    -    - 

Cubical  Contents : 

No.  1 — 4  Chambers  of  coke,  each  184  cub.  yds.  = 
No.  2 — 4  Chambers  of  coke,  each  184  cub.  yds.  = 

Total  contents    -    -    - 

Coke  Filters. 
Superficial  Area : 

Filters  A,  B,  C,  each  74  ft.  2  in.  x  59  ft.  7  in. 
Filters  D,  E,  F,  each  74  ft.  2  in.  x  61  ft.  2  in. 

Total  area    -    -    - 


=472sq.  yds. 

=472sq.  yds. 
944  sq.  yds. 


=736  cub.  yds. 
=  736  cub.  yds. 

1472  cub.  yds. 


:  1458  sq.  yds. 
:  1470  sq.  yds. 

2928  sq.  yds. 


Cubical  Contents : 

"^^/"cul;.  yds.'r""^^"^*'*'''^^^'':}  =  1341  cub.  yds. 

Filters  D,  E,  F,  quantity  of  coke  each,\ 
451  cub.  yds / 

Total  cubical  contents    -    - 


=  1353  cub.  yds. 


2694  cub.  yds. 


3872  sq.  yds. 

I.  ft. 


Total  area  of  coke  filters  combined 

or      •  34848  sq. 

Total  cubical  contents  of  coke  filters \        .,«^     ,       , 
combined /       4ioo  cud.  yas. 

or      1 12482  cub.  ft 


At  my  suggestion  instead  of  using  the  roughing  filters. 

4752.  (Professor  Foster.)  Before  you  speak  of  the 
change  would  you  kindly  state  what  was  the  result  of 
this  system  in  the  qualitv  of  the  effluent  T—During  this 
]>eriod  the  only  results  tnat  were  taken  by  the  Works 

Appendix  Chemist  were  for  oxygen  absorbed.  The  diagram  No.  3 
^-  ^  is  for  June,  1898,  which  shows  a  fluctuation  in  the 
^  JL  strength  of  the  sewage  from  day  to  day,  from  June  1st 
to  June  30th.  The  black  line  shows  the  oxygen  absorbed 
in  the  raw  sewage ;  the  blue  line  is  the  oxygen  absorbed 
in  the  tank  effluent ;  the  red  line  is  the  oxygen  absorbed 
in  the  final  effluent.  The  green  line  at  the  bottom  is 
the  rainfall  You  observe  the  effluent  is  best  when  the 
rainfall  is  greatest. 

4753.  What  is  the  range  of  the  fiigures  indicated  by 
the  diagram  ? — ^The  best  effluent  we  got  during  that  time 
is  1*5  of  oxygen  absorbed  and  the  worst  is  5  of  oxygen 
Absorbed ;  the  range  being  from  5  to  1*5. 

4754.  (Sir  Bichard  Thome,)  That  ia  the  effluent  from 
like  filters  ? — That  is  the  effluent  from  tiie  filters. 

4755.  (Major-General  Carey.)  Is  that  one  and  a-half 
■iillions  without  etorm  water  at  aJl  ?-— Without  storm 
crater  at  all. 

4756.  Then  you  have  an  enormous  rate  per  square 
yard  ;  you  have  1,600  gallons  per  square  yard  ?— Yes ;  I 
may  point  out  that  the  rough  beds  were  worked -fifteen 
hours  and  rested  nine.  That  is,  the  sewage  was  allowed 
to  flow  fifteen  hours  continuously  through  Qie  rough  beds 
and  were  then  rested  nine  hours.  The  finishing  filters 
were  allowed  two  hours  to  fill,  and  the  sewage  was  then 
allowed  one  hour  in  contact  with  the  filters ;  three  hours 
were  allowed  for  emptying  and  six  hours  for  aerating. 
That  was  at  the  rate  of  96  gallons  per  square  yard.  Even 
then  when  the  works  were  in  this  stage,  we  had  a  certain 
portion  of  the  sewage  passing  away  from  the  works,  only 
treated  chemically,  being  simply  tank  effluent,  the  blue 
line  showing  the  amouni  of  purification  effected. 


4757.  (Professor  Foster.)  You  did  not  determine  the  Anwodb 
albuminoid  ammonia?— No,  another  diagram  Na   2  is    No- to 
for  May. 

4758.  With  the  same  general  result? — ^Yes,  with  the 
same  general  result  for  May  and  June— the  two  cnarts. 
Diagram  No.  3  shows  the  working  of  the  beds  after 
stopping  the  upward  filtration.  In  the  first  place  we 
converted  two  only  of  the  rough  beds  into  sprinkling 
filters,  and  worked  the  remaining  two  roughing  beds  by 
another  method. 

4750.  May  1  ask  you  what  led  you — ^it  was  jou  who 
instituted  this  sprinkling  process — ^may  I  ask  you  to  state 
the  line  of  thought  which  led  you  to  suggest  that  process  ? 
— ^Weli,*  I  may  say  that  in  1894  a  system  of  plans  was 
prepared  and  appHcations  made  to  the  Local  Government 
Board  to  borrow  money  for  the  alteration  of  our  works, 
which  were  simply  purely  chemical  precipitation  works. 
Our  chemist,  Mr.  Bitmes^  was  instructed  by  uie  iSoard 
to  perform  certain  experiments — ^to  put  down  small  ex- 
perimental filters.     There  were  three  put  down.     One 
was  an  ordinary  polar ite  bed,  another  was  a  sand  filter, 
and  another  was  a  clinker — a  small  clinker  filter.      The 
precipitated    effluent    was   passed  upon  these,  and  Mr. 
Barnes  presented  his  report  to  the  Board.     That  report 
clearly  proved  that  we  were  getting  equally  good  results 
with  clinkers  as  we  could  with  polarite.     It  was  just  the 
international  method  that  waus  suggested.     I  took   my 
stand  against  this,  and  called  the  two  constituent  autho- 
rities together  and  pointed  out  that  they  were  going  to 
spend  £6,000  or  £8,000,  which  would  be  practically  money 
thrown  away  when  they  could  get  equally  good  results 
with  coke.     The  position  I  took  up  meant  that  the  then 
chairman  and  one  or  two  of  the  members  resigned,  and  I 
was  put  in  as  chairman.     I  said  that  however  efficient 
and  however  good  a  method  of  works  might  be  adopted, 
it  would   be    absolutely  necessary    to   have    a  resident 
chemist  to  see  that  the  work  was  thoroughly  carried  out, 
and  not  an  ordinary  works  manager.     At  my  suggestion 
the  borough  engineer,  Mr.  Newton  and  Mr.  Barnes  were 
appointed  to  prepare  planig  on  lines  that  I  said  would 
work  out  equally  well    with   the    international    system 
people.     Plan  No.  1  shows  the  arrangement  of  their  work- 
ing out. 

4760.  The  essential  feature  of  your  system  as  in  the 
present  action  is  the  continuous  sprinklmg? — ^Yes. 

4761.  What  led  you  to  the  idea  of  continuous  sprinkling  ? 
— ^After  the  chemist  and  the  engineer  had  carried  out 
their  work,  the  works  seemed  to  be  as  great  a  failure 
as  ever.  I  felt  then,  as  chairman  of  the  works,  that  I 
had  got  to  do  something  or  be  disgraced. 

4762.  (Sir  Richard  Thome.)  You  say  they  were  as  bad 
as  ever— -does  that  mean  chemically  ?— -The  final  effluent. 

4763.  Judging  by  the  final  result? — Judging  by  the 
absorption  of  oxygen.  That  is,  the  rivers  inspector  said 
the  effluent  was  as  bad  as  it  was  with  chemical  precipita- 
tion alone.  I  then  set  to  work  at  my  own  chemical  works 
at  Church  and  had  a  filter  fitted  up,  and  carted  to  my 
own  works  an  average  sample  of  the  sewage.  I  had 
twelve  forty-gallon  barrels  of  sewage  carted'  from  Coppy 
dough  to  Globe  Chemical  Works  daily,  and  set  my  filter 
in  motion.  When  I  first  of  all  started  that  I  thought  I 
must  have  uniform  distribution.  I  got  uniform  distribu- 
tion. It  was  an  old  soap  boiling  pan  which  I  had  filled 
with  small  filter  material  with  narrow  troughs  about  four 
inches  apart.  I  had  the  sewage  pumped  into  a  room 
above  ;  I  had  the  tap  regulated  so  diat  I  was  able  to  put 
on  to  the  filter  240  gallons  per  hour.  I  found  that  the 
sewage  practically  came  through  the  filter  in  the  same 
state  as  that  in  which  it  went  on. 


4764.  Two  hundred  and  forty  gallons  to  what  area 
To  the  square  yard.  I  found  it  was  coming  out  of  the 
filter  practically  the  same  as  it  was  going  on.  I  had 
then  the  filter  material  taken  out.  I  put  a  perforated 
grid  on  the  bottom  of  the  pan,  filled  the  material  into  the 
filter  again,  put  on  an  air  pump  and  pumped  the  air  into 
the  empty  space  at  the  bottom  of  the  pan,  so  that  there 
was  always  a  current  of  air  passing  through  the  filter. 
Then  I  found  that  we  got  much  better  resulto,  and  began 
to  have  nitrates  formed.  But  still  if  the  tap  was  turned 
the  least  bit  over  240  gallons  the  effluent  began  to  oome 
through  the  filt<er  almost  the  same  as  the  sewage.  One  of 
the  defects  I  found  was  that  in  levelling  the  troughs  the 
smallest  amount  o(  scum  or  heavy  parracles  covered  the 
edge  of  the  trough,  and  the  bulk  of  the  material  would 
be  passing  through  in  one  place,  so  that  then  I  adopted 
the  sprinkler  and  fitted  the  sprinkler  to  the  top  of  the 
pan  and  got  these  results. 
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4766.  {Professor  Foster,)  But,  exciue  me,  why  did  you 
make  this  sudden  change  from  upward  to  downwaxd 
filtration?— At  the  works? 

4766.  AH  your  experiments  that  you  are  rdating  now 
refer  to  downward  nitration? — Yes. 

4767.  At  the  works  there  was  upward  filtration? — ^In 
maldng  observations  about  the  works  I  had  samples  taken 
on  the  top  of  the  roughing  filter  at  various  points.  I  sug- 
gested first  of  all  that  the  liquor  was  following  along  the 
iine  of  least  resistance,  and  alinough  apparently  we  were 
having  upward  filtration  there  was  really  no  upward  filtra- 
tion taking  place ;  the  tank  effluent  was  simply  flowing 
through  th('  open  space  underneath  the  filter  and  rising 
up  through  the  filtering  material  at  the  end  of  the  filter ; 
and  it  was  through  taking  samples  at  diiferent  parts  of 
the  filter  that  this  was  found  out;  I  found  then  that 
although  upward  filtration  apparently  would  be  good  for 
preventing  floccular  matter  reaching  the  filter,  reaUy  it 
was  not  acting  in  practice ;  there  was  no  upwajrd  filtration 
taking  place  only  at  about  a  yard  from  the  end  of  the 
filter,  and  it  was  these  experiments  that  led  me  to  alter 
it  to  downward  filtration.  I  then  asked  the  permission 
i)f  the  Board  to  put  in  an  experimental  filter  at  the  works, 
and  I  put  one  down  twenty  yards  in  area,  nin^  feet  deep, 
and  just  the  length,  so  that  two  small  sprinklers  would 
till  the  space.  It  was  filled  with  graded  material ;  on  a 
concrete  bottom  with  ordinary  4in.  drain  tiles,  about 
two  feet  of  sand  stone  ballast,  next  the  drain  tiles,  then 
J.  layer  of  coke  about  three-quarters  of  an  iiich  mesh, 
then  a  layer  of  ordinary  coke  2in.  mesh  Ipo  the  top  ;  then 
about  eighteen  inches  of  the  top  were  granite  chippings ; 
granite  chippings  I  found  were  too  &t;  they  did  not 
allow  of  ventilation,  and  had  to  be  removed.  From  the 
results  obtained  with  the  experimental  filter,  the  Board 
determined  to  convert  one  of  the  roughing  filters  to  tihe 

ApjiwiaJK  sprinkler  system,  and  this  diagram  Xo.  1  for  the  month 
(Nou  ®^  September,  1898,  gives  some  idea  of  the  difference 
' —  in  results  obtained  in  working  between  the  Whittaker 
filter,  the  roughing  filter,  and  the  tank  filter.  The  black 
line,  again,  on  this  diagram  shows  the  oxygen  absorbed 
in  the  raw  sewage  throughout  the  month,  the  blue  line 
fhowB  the  oxygen  absorbed  in  the  tank  effluent;  the 
brown  line  shows  the  oxygen  absorbed  after  passing 
through  the  roughing  filter.  One-half  of  the  roughing 
filters  only  being  converted  to  the  Whittaker  system, 
the  other  half  was  still  worked  as  a  roughing  filter. 

4768.  One  of  the  old  roughing  filters  ? — One  of  the  old 
roughing  filters.  The  strong  red  line  shows  the  oxygen 
absorbed  in  the  final  effluent  from  the  old  works  after 
passing  the  tank  effluent  through  the  roughing  filter  and 
through  the  fine  beds.  The  dotted  drab  line  shows  the 
results  obtained  by  downward  filtration  through  the 
WTiittaker  filter  with  only  4ft.  8in.  of  coke ;  the  drab 
line  shows  the  purification  by  upward  filtration;  the 
dotted  drab  line  shows  ihe  purification  by  downward 
filtration.  Then  after  downward  filtration,  through  the 
Whittaker  filter  the  effluent  was  allowed  to  pass  on  to  one 
of  the  finer  beds,  which  removed  the  suspended  matter, 
and  it  was  further  reduced  to  the  dotted  red  line.  This 
diagram  simply  shows  the  compamson  between  the  results 
obtained  when  working  with  absolutely  the  same  material 
and  depth  of  material  worked  upwards  and  down/wards, 
jjiving  a  difference  of  two  parts  per  100,000  in  oxygen 
absorbed  between  the  drab  line  and  the  dotted  drab 
line  ;  the  same  material  and  the  same  tank  effluent  being 
used. 

4760.  (Professor  Foster.)  Did  you  expect  that  amount 
of  oxygen  tobe  absorbed  when  you  constructed  the  bed  and 
the  downward  filter  ? — ^No,  we  were  getting  a  much  better 
result  with  Oft.  than  we  obtained  by  4ft.  8in.  The 
nitrates  were  not  being  determined  at  that  time.  It 
was  then  decided  to  convert  the  whole  of  the  four  beds 
to  the  Whittaker  system.  The  sprinkleze  on  the  two 
beds  were  stopped  a  week  and  another  yard  of  filter 
material  was  put  on  the  top  of  the  already  4ft.  8in.,  and 
the  whole  four  beds  levelled  up  to  Oft.  deep  of  coke,  and 
tliey  have  now  been  working  continuously  since  last 
October. 

4770.  {Major-General  Carey.)  What  pr{^K>rtion  of 
sewage  do  they  take  ?— With  400,000  gallons  about  one- 
t^iird. 

4771.  {Sir  Bkhard  Thome.)  And  that  is  by  the 
sprinkler  working  day  and  night?— By  the  sj^inkler 
working  day  and  night. 

4772.  (Major-General  Carey,)  How  is  Uie  rest  of  the 
•ewwge  treated  ? — A  portion  is  still  passing  on  to  the  finer 
bwU.    A  portion  is  being  treated  by  the  finer  beds  and 
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a  portion  is  being  treated  and  passing  into  the  river 
simply  treated  in  the  tank.  Beferring  to  diagram  No. 
2  B  for  February,  the  alight  red  line  C  shows  the  tempe- 
rature of  the  raw  sewage  as  it  comes  into  the  works ;  the 
low  bends  are  when  we  have  had  snow.  It  evidently 
loses  about  three  degrees  in  passing  through  the  works. 
The  lower  line  D  shows  the  temperature  of  the  tank 
effluent;  the  higher  line  A  shows  the  temperature  of 
the  sprinkler ;  and  the  next  line  B  dhows  tlie  temperature 
of  the  final  effluent.  The  temperature  of  the  final  effluent 
is  always  less  than  the  temperature  of  the  sprinkler. 
No.  2  B  diagram  also  shows  the  oxygen  absorbed  test. 
The  black  line  is  the  oxygen  absorbed  in  parts  per 
hundred  thousand  in  the  raw  sewage.  The  blue  Une 
whioh  crosses  the  black  line  is  the  oxygen  absorbed  in 
the  tank  effluent  These  show  the  difference  between 
the  raw  sewage  and  the  tank  effluent.  The  red  line  is 
the  oxygen  absorbed  in  the  final  effluent. 

4773.  (Professor  Foster.)  The  high  temperature  of  the 
sprinkler  is  due  to  the  steam  in  uie  pulsomet^r? — ^Yes. 
The  bottom  red  line  on  this  diagram  shows  the  oxygen 
absorbed  in  the  finaH  effluent  in  three  minutes,  ibefore 
incubation,  and  the  dotted  red  line  just  a  little  above  it 
is  the  oxygen  absorbed  after  5  days'  incubation  at  80^  F. 
Now  the  tank  effluents  are  also  incubated.  The  bottom 
yellow  line  is  the  three  minutes'  test  of  the  tank  effluent 
before  incubation,  and  the  upper  yellow  line  is  the  three 
minutes'  test  of  the  tank  effluent  after  incubation.  The 
final  effluent  lines,  before  and  after  incubation,  are  almost 
parallel,  and  show  the  small  amount  of  decomposition 
that  takes  place.  In  order  to  see  the  effect  on  the  test 
of  the  suspended  matter  each  effluent  is  filtered,  and  the 
dotted  red  line  shows  the  occygen  absorbed  free  from 
suspended  matter,  diagram  No.  2B  showing  the  oxygen 
absorbed  only,  and  diagram  No.  2A  shows  the  albuminoid 
ammonia  tests  for  the  same  month.  In  order  that  tfaeee 
shaH  appear  clearer,  in  the  diagram  the  albuminoid 
ammonia  is  shown  in  parts  per  million.  The  black  line 
is  the  albuminoid  ammonia  in  the  raw  sewage,  the 
highest  point  being  lr3, 1-4  and  1'6  parts  per  100,000.  The 
dotted  black  line  is  albuminoid  ammonia  in  the  tank 
effluent,  the  average  of  which  will  be  between  0.8  and 
00.  The  great  depression  is  caused  by  heavy  rainfall ; 
the  red  line  ehowing  the  rainfall.  The  dark  Hue  line 
shows  the  free  ammonia  in  the  raw  sewage,  and  tlie  dotted 
blue  line  shows  the  free  ammonia  in  the  tank  effluent, 
which  is  invariably  higher. 

4774.  Before  you  introduced  your  system  you  were 
using  copperas  and  lime  as  a  precipitant  ?— Yes. 

4775.  Now  you  only  add  lime  as  a  neutraliser  ?— That 
is  so. 

4776.  Does  the  diagram  show  the  result  since  iihe 
change  ? — ^Tes,  and  on  to  the  sprinklers. 

4776.  Since  you  have  adopted  Kme  only  as  a  neu- 
traliser  and  dropped  the  copperas  altogether  ?— Since  we 
have  dropped  the  copperas  altogether  and  use  no  chemi- 
cals now,  only  a  little  lime  to  neutralise  the  acidity. 

4778.  (Sir  Richard  Thome.)  What  amount  per  million 
is  used  ?— -Ten  cwts.  to  one-and-a-quarter  million  gallons  ; 
that  is  &Ye  or  six  grains  to  the  gallon.  The  nitrates  are 
shown  on  the  chart  by  the  green  line. 

4770.  (Cciond  Harding.)  What  is  the  figure  they  leave 
as  an  effluent?— Here  we  have  2*7,  and  here  we  have 
2-6.     Perhaps  1*7  is  an  average. 

4780.  (Sir  Richard  Thome.)  Of  nitrates  ?^Nitrogen  as 
nitrates. 

47|1.  But  not  as  nitrates  ?— No,  we  take  them  both 
together. 

4782.  You  take  them  both  together  ?— Tea. 

4783.  Then  it  means  nitrogen  as  nitrates  and  nitrites  ? 
— ^Yes ;  it  ought  to  be  nitrogen  as  nitrates  and  nitrites. 
Now  after  incubation  the  green  line  falUs  as  shown  by 
the  dotted  green  line,  and  in  some  instances  the  lines 
touch,  but  invMiably  the  nitrates  decrease  during  incuba- 
tion, the  nitrates  disappear  during  the  dye  days  of  incu- 
bation on  the  23rd,  24th  and  25th,  but  the  albuminoid 
ammonia  was  correspondingly  high.  The  average  of  the 
albuminoid  ammonia  in  the  final  effluent  will  be  about 
•12  or  -13— something  like  that. 

47M.  {Professor  Ramsay.)  Might  I  ask  you  what  you 
regard  as  the  septic  tank  there  ?-— The  tank  effluent 

*  *^-  I?^*F^^,*^^  previous  settling  tanks  as  septic 
tanks ?--That  is  all;  yes.  We  regard  the  flow  through 
tiie  tanks  only  as  anafiroWo  action ;  we  simply  add  a 
little  hme,  and  allow  it  to  flow  through  the  tanks.     My 
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ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL: 


Mr.  C.  J.    opinion  of  dealing  with  Aowage  efficiently  is  that  you  want 

wAittofar.  n  sewage  reservoir,  just  the  same  as  you  have  for  ocd- 

si  March    Meeting  the  water  before  it  is  deHyered  to  the  town.    Iliat 

18W.       is,  you  want  a  reservoir  for  storing  the  sewage  before  you 

deliver  it  to  the  filters. 

4786.  (Professor  Foster.)  In  the  reservoir  of  a  town 
there  is  no  changing,  but  in  your  septic  tanks  surely  a 
very  great  change  haa  taken  place  ?— Yes.  That  chanffe 
takes  place  before  it  passes  on  to  the  land  or  to  the 
filter. 

4787.  It  is  flowing  continually  through  your  septic 
tank  ? — Continually  passing  through^ 

4788.  How  long  does  it  take  to  pass  through  ? — About 
24  hours. 

4789.  Always  passing  through  ? — ^Yes. 

4790.  And  there  is  a  continual  deposit  of  sludge  at 
the  bottom  in  that  septic  tank? — Yes,  after  the  decom- 
position of  the  sludge  has  gone  on  for  several  days,  it 
begins  to  rise  to  the  surface  in  the  form  of  a  thick  scum 

•  of  fcetid  matter. 

4791.  But  that  runs  over  the  lip  of  your  septic  tank  1 
— ^No.  Wherever  there  is  an  opening  there  is  a  screen 
to  prevent  the  scum  from  passing  over.  None  of  the 
liquors  are  drawn  off  only  at  al^ut  a  yard  from  the 
surface. 

4792.  Since  your  system  has  been  in  action  what  is  the 
amount  of  sediment  which  has  taken  place  in  your 
septic  tank  ? — Bj  anailysis  ? 

4793.  No;  the  amount,  the  depth? — ^At  the  present 
moment  after  the  tanks  have  been  working  for  12  months 
you  can  hear  the  sound  of  the  rake  at  any  part  of  the 
tank ;  that  is,  there  is  very  little  sediment.  It  is  a 
difficult  matter,  but  I  have  endeavoured  to  take  a  sample 
right  at  the  bottom  and  there  appeared  to  be  about  two 
inches  of  black  gelatinous  matter  that  you  could  scarcely 
call  sludge,  that  you  could  not  press ;  *as  it  liquefies  the 
solid  portions  only  rise  to  the  surface. 

4794.  Floated  up  by  gas  ?— Floated  up  by  gas. 

4795.  Does  it  get  blown  away  or  go  to  the  side? — 
During  rough  weather  it  blows  to  the  side,  and  on  still 
days  the  whole  of  the  surface  is  covered  with  a  spongy 
mass. 

4796.  With  a  very  powerful  odour? — Scarcely  any 
odour;  practically  no  odour. 

4797.  (Sir  Bichard  Thorne,)  Does  the  amount  of  the 
sludge  depend  much  upon  whether  tie  surface  of  your 
open  septic  tank  is,  so  to  speak,  roofed)  in  by  this  material 
that  floats  on  the  surface  ^No,  not  at  all. 

4798.  Where  there  is  none  of  that  coating  on  the  sur- 
face do  you  not  get  any  more  dudge  than  «when  it  is 
coated  over? — ^No.  As  the  sludge  dabs  reach  the  top 
they  seem  to  be  broken  up  into  a  substance  that  almost 
oorresponds  with  soot  from  the  change  of  the  colour. 
You  notice  the  crude  sewage  coming  into  the  works  will 
look  quite  soapy,  while  from  the  second  tank  it  is  quite 
blaok,  almost  as  though  it  were  mixed  with  soot.  It  is 
the  fine  particles  of  vegetable  and  animal  maitter  that 
have  been  decomposed  that  give  this  black  sooty  appear- 
ance. 

4799.  (Professor  Foster.)  Is  your  scum  black  in  colour? 
— Yes,  very  black ;  almost  like  ink  sometimes. 

4800.  (Professor  Bamsay.)  Is  there  much  soap  or 
grease  in  the  sewage  ?— Yes,  a  fair  amount  of  soap.  We 
have  a  very  strong  domestic  sewage ;  we  have  8,000 
water-closets  that  are  on  what  is  called  the  waste  water 
system.  Li  fact,  our  average  per  head  of  the  population 
is  only  about  20  gallons ;  that  is,  the  average  quantity 
of  water  used  is  about  20  gallons  per  head. 

4801.  (Sir  Bichard  Thorne.)  Does  all  this  mean  that 
you  do  not  attach  any  value  to  the  roofing  in  of  the 
septic  tank  so  far  as  the  anaerobic  action  is  concerned  ?^ 
There  is  no  necessity  to  roof  in  so  far  as  the  decomposi- 
tion is  concerned.  The  oxygen  does  not  readily  pass 
into  the  bod^jr  of  the  water. 

4802.  (Professor  Bamsay.)  Nor  the  light?— Nor  the 
light. 

4803.  (Professor  Foster.)  So  that  in  your  opinion  the 
only  thing  would  be  to  prevent  any  gases  going  into  the 
atmosphere  ? — ^It  might  be  a  useful  gas  for  tiie  purposes 
of  heating  or  lighting  or  anything  of  that  sort,  but  I  do 
not  think  any  actual  benefit  in  the  act  of  decomposition 
is  secured.  I  think  it  is  shown  by  the  diagrams.  Li 
lact,  I  may  say  that  I  have  never  seen  any  such  rmu'^t 


as  we  are  obtaining  at  Accrington  before,  diagram  So. 
2A  shows  the  free  ammonia  in  the  raw  sewage,  and 
also  the  free  ammonia  in  the  tank  effiuent,  which  has  in- 
variably increased.  I  may  say  that  I  have  never  seeu 
that  in  any  case  before.  I  have  always  had  it  pomteJ 
out  that  the  free  ammonia  had  diminished,  and  souiv* 
purification  taken  place  in  passing  through  the  taiik, 
whereas  in  this  case  the  free  ammonia  actually  increases 
in  quantity. 

4804.  Has  any  examination  been  made  of  the  gases  in 
your  tank? — ^I  have  made  several  analyses.  iSiey  are 
chiefly  marsh  gas.  I  have  also  made  attempts  at  the  g-u 
from  the  filter ;  several  have  been  made,  and  we  have  uui 
up  to  now  been  able  to  find  any  serious  diminution  in 
the  quantity  cf  oxygen  in  the  body  of  the  filter. 

4805.  (Professor  Bamsay.)  Which  filter?— In  the  body 
of  the  sprinkler  filter ;  we  have  not  been  able  to  deter- 
mine any  loss  in  the  oxygen,  although  as  a  matter  of 
calculation  the  quantity  of  nitrates  and  the  amount  of 
oxidisation  that  takes  place — ^which  is  measured  by  the 
diminution  in  the  oxygen  absorbed — the  nitrates  and  the 
oxygen  absorbed  are  equal  to  twice  the  amount  of  oxygen 
contained  in  the  interstices  of  the  filter;  so  that  the 
interstices  of  t^e  filter  must  be  replaced  by  entirely  fresh 
air  at  least  twice  per  day.  But  seeing  that  it  is  difficult 
to  determine  any  small  diminution,  it  means  that  the 
air  must  have  been  changed  several  times  in  the  body 
of  the  filter  daily. 

4806.  (Professor  Foster.)  That  is  to  say,  you  have  made 
a  (I  suppose  it  can  only  be  rough)  (»lcuLation  of  the 
amount  oi  air  which  is  present  in  the  interstices  of  your 
filter  ? — Yes.  We  have  put  in  a  pipe  four  feet  into  the 
filter,  and  connected  that  with  an  aspirator,  and  then 
we  have  estimated  the  carbonic  acid  and  the  oxygen. 

4807.  You  have  not  made  any  estimate  as  to  the  total 
available  oxygen  which  is  present  in  the  body  of  the 
filter  at  any  one  moment? — Yes.  That  is  the  only  way 
you  can  take  a  sample,  by  aspirating  through  a  pipe 
whicb  you  drive  into  the  body  of  the  fiter. 

4808.  From  that  sample  you  have  calculated? — ^From 
that  yesterday  I  got  21  per  cent,  of  oxygen. 

4809.  How  much  carbonic  acid  ? — ^We  did  not  find  any 
carbonic  acid. 

4810.  -Have  you  ever  emptied  your  open  septic  tank 
yet? — ^We  have  lowered  it.  We  commenced  last  Feb- 
ruary, and  at  the  beginning  of  July  the  Committee  were 
so  anxious  to  see  what  was  taking  place  that  the  septic 
tank  was  let  off  in  July,  but  from  last  July  till  now  the 
tank  has  never  been  emptied. 

4811.  When  you  emptied  it  what  did  you  see? — ^Wc 
worked  from  the  beginning  of  February  to  the  beginning 
of  July,  and  there  was  not  as  much  sludge  in  appearance 
or  in  quantity  as  there  would  have  been  in  one  week's 
chemical  precipitation. 

4812.  (Professor  Bamsay.)  What  becomes  of  the  lime 
you  put  in? — ^It  chiefly  passes  away. 

4813.  Dissolved  ?— Yea. 

4814.  (Professor  Foster.)  So  that  you  have  not  been 
making  any  sludge  cake  at  all  ? — ^The  sludge  presses  hare 
not  been  used  since  last  February.  The  little  sludge 
which  was  in  the  septic  tank  was  run  into  a  small  lagoon 
that  we  had. 

4815.  (Professor  Bamsay.)  Does  the  lime  form  lime 
soap  ?— Yes. 

4816.  That  effluent  forms  a  cake  on  top? — It  forms  a 
cake  on  top. 

4817.  (Major-General  Carey.)  Has  there  been  any  re- 
duction in  the  water  capacity  of  the  filter  ? — ^We  have  no 
occasion  to  measure  the  capacity.  It  is  not  the  capacity 
we  work  upon ;  it  is  simply  upon  a  thin  film.  So  long 
as  there  is  an  air  passage  for  this  film  the  capacity  is 
immaterial.  It  would  do  so  far  as  we  are  concerned  if 
the  filter  was  composed  of  a  number  of  small  drain  tiles 
2in.  in  diameter. 

4818.  You  pass  the  same  quantity  through  daily  ? — ^The 
same  quantity  passes  through. 

4819.  You  pass  the  same  quantity  through  after  six 
months  as  you  did  on  the  first  day  ? — Yes,  that  is  so. 

4820.  (Colonel  Harding.)  If  your  bed  became  sludged 
up  then  your  sewage  would  not  pass  d^wn ;  it  would  run 
over  tlTe  top  and  over  the  sides  f— Yes,  that  is  so.  Our 
filters,  although  the  tanks  are  square,  the  comers  have 
been  cut  away,  ro  that  there  is  simply  filtering  material 
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along  the  surface,  so  that  if  it  were  made  up  at  all  it 
would  accumulate  on  the  top,  flow  over  the  sides,  and 
run  down  the  sides  necessarily,  but  there  is  not  the 
sligrhteet  sign  of  that  taking  place. 

4821.  (Sir  Biehard  Thorne.)  After  how  long  a  period! 
— Since  August  (eight  months). 

4822.  Of  day  and  night  use  ?— Of  day  and  night  use. 

4823.  (Professor  Bamsay.)  Is  the  temperature  of  the 
filter  higher  than  that  of  t3ie  air  ?— The  heat  of  the  filter 
is  generally  seven  or  eight  degrees  warmer.  During  this 
cold  weather  we  make  it  ten  degrees,  during  wann  weather 
it  may  be  only  five  degrees;  the  heat  given  by  steam 
in  the  pulsometer. 

4824.  (Professor  Foster,)  You  regulate  the  temperahire 
of  the  filter  by  the  pulsometer  ?— By  a  separate  jet  of 
ateam  besides  the  pulsometer.     ^ 

4825.  (Major-General  Carey.)  At  what  rate  do  Tou 
work  per  square  yard  of  your  filter  ? — ^We  filter  600  gallons 
of  settled  sewage  to  the  square  yard,  and  that  is  when 
8ewage  is  about  0*4  albuminoid  ammonia  per  100,000. 
We  have  just  had  some  rather  dry  weather ;  we  have  had 
a  whole  month  not  only  of  cold,  but  dr^  weather,  and  our 
tank  effluent  reached  1*1  of  albuminoid  ammonia.  On 
account  of  the  albuminoid  ammonia  in  the  final  effluent 
getting  up,  we  reduced  the  flow  to  about  400  gallons. 
You  see  you  have  the  means  of  checking  it.  The  time 
when  the  albuminoid  ammonia  rose  to  1*1  was  exactly 
a  week  after  we  had  stopped  the  addition  of  lime  alto- 
gether. G^  the  22nd  February  we  found  that  the  whole 
of  the  tanks  had  become  quite  distinctly  aoid ;  we  had 
had  the  lime  stopped  just  a  week ;  we  commenced  imme- 
diately to  add  lime  again,  and  it  took  us  four  or  five  days 
before  the  lime  had  got  thoroughly  through  the  tanks. 

4826.  (Professor  Foster.)  What  was  the  effect  of  the 
abstention  from  lime  on  the  nitrates  ?— The  nitrates  were 
reduced,  while  the  albuminoid  ammonia  went  up. 

4827.  (Major-General  Carey.)  Do  you  have  storm 
water  in  the  filter  ? — The  whole  of  the  water  which  comes 
down  the  sewer  passes  through  the  tanks. 

4828.  Not  through  the  filters  ^Not  through  the  filters. 
It  is  a  perfect  average  of  all  the  sewage  that  comes  to  the 
place.  The  filter  takes  off  that,  whether  it  be  storm 
water  or  not,  400,000  gallons  per  day. 

4829.  (SW  Biehard  Thome.)  Then  so  far  as  the  capacity 
is  concerned  it  takes  stonn  water  as  well  as  sewage  i^-- 

Yes. 

4830.  (Colonel  Harding.)  But  not  all  of  it?— That  is 
fio,  when  the  tank  effluent  got  down  to  this  low  point 
0-37  on  February  15th,  that  is,  after  very  heavy  rain, 
the  filters  were  put  on  at  almost  1,000  gallons  to  the 
square  yard. 

4831.  (Professor  Foster.)  Have  you  ever  determined 
tliese  two  points :  One  is  the  amount  of  fluid  which  you 
will  throw  on  to  your  filter  whicii  cannot  pass  at  all ; 
and,  secondly,  the  amount  of  fluid  which  you  can  throw 
on  to  your  filter  which  will  pass,  but  in  passing  distinct^ 
alters  the  character  of  the  effluent  ? — Yes,  we  have  tried 
that. 

4832.  Both  those  points?— Both  those  points.  We 
have  put  it  on  to  the  extent  that  the  distributicm  has 
been  greater  than  the  areas  of  flow  in  the  filter,  and  that 
is  reached  at  about  1,200  gallons  to  the  square  yard; 
that  is  when  we  put  on  1,200  gallons  to  the  square  yard 
the  filma  are  too  thick,  and  the  body  ol  the  filter  seema 
to  become  water-logged,  and  at  the  top  you  have  a  pool 
for  the  moment. 

4833.  But  short  of  that  you  may  increase  the  quantity 
ao  as  materially  to  influence  the  character  of  the  effluent  ? 
— Yes.  Here  with  a  tank  effluent,  1*1  for  instance,  had 
we  to  have  put  on  1,000  gallons  to  th«  square  yardi  we 
should  then  have  had  a  very  muddy  and  cloudy  effluent, 
because  it  was  so  strong  that  it  would  have  been  utterly 
impossible  for  the  filter  to  have  dealt  with  it. 

4834.  But  you  would  affect  the  effluent  before  you 
reached  the  1,000?— Yes. 

4835.  What  is  the  point  at  wliich  your  filter  ceases  to 
have  its  maximum  efficiency  ? — ^The  efficiency  of  the  filter 
continues  as  you  diminish  the  quantity. 

4836.  But  what  is  the  limit  to  the  increase  of  fluid 
wliich  you  put  upon  your  filter  which  reaches  the  point 
at  which  the  filtrate  begins  to  suffer? — ^With  about  '5  of 
albuminoid  .<vmmonia  we  say  that  600  gallons  is  the  limit 
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to  which  you  ought  to  go.     If  you  want  a  better  effluent,    Mr.^  C.J. 
come  down  from  600  to,  say,  400.     But  if  you  increase  it  W"*^**^- 
above  the  600  you  then  begin  to  get  an  unsatisfactory    si  March 
effluent.     That  is  we  say  satisfactory,  because  we  work  at       iw». 
•1  per  100,000. 

4837.  The  efflciency  of  your  filter  depends  naturally 
upon  the  strength  of  your  sewage  ? — Yes. 

4838.  And  you  can  regulate  the  quantity  which  you 
can  throw  on  ^our  filter  consistent  with  having  a  good 
effluent  according  to  i^e  concentration  of  your  sewage? 
— ^That  is  80.  Every  point  can  be  regulated— -the  flow  of 
the  sewage,  the  temperature  of  the  sewage,  and  the 
temperature  means  the  aeration  of  the  filter. 

4830.  (Major-General  Carey.)  If  you  are  designing 
a  filter  to  take  the  ordinary  dry  weather  flow,  you  design 
is  at  the  rate  of  400  gallons  per  square  yard  ?— Yes. 

4840.  That  would  be  your  unit?— Yes. 

4841.  (CdUmd  Harding.)  That  must  vary  according 
to  the  atrength  of  the  sewage  ?— Yes.  You  might  say 
that  most  sewages  will  go  to  1*0  of  albuminoid  ammonia 
at  times,  and  you  want  to  take  the  higher  point. 

4842.  (Professor  Foster.)  400  gallons  leayea  y<ra  a 
margin  ?— Yes.  .We  can  practically  put  on  600  gallons  at 
'5.  *5  of  albuminoid  ammonia  is  a  fairly  average  sewage, 
and  400  gallons  will  give  you  a  very  good  margin ;  it  will 
allow  you  to  go  up  to  1-0. 

4843.  Have  you  made  any  observations  in  reference 
to  temperature ;  do  you  find  that  your  filter  is  rendered 
more  efficient  >by  raising  the  temperature  ?— Yes.  I  mav 
say  that  we  have  worked  with  the  temperature  up  as  hign 
as  100°  F. 

4844.  With  what  result  ?— Nitrates  at  4,  5,  and  6. 

4845.  As  compared  with  what? — ^With  nitrates  at  2  eay, 
at60OF. 

4846.  What  is  the  result  of,  say,  a  temperature  at  60 
compared  witli  a  temnerature  a(t  100  ? — ^The  nitrates  will 
be  more  than  doubled. 

4847.  At  100  Fahrenheit?— Yes. 

4848.  (Colonel  Harding.)  And  what  is  the  effect  on 
the  albuminoid  ammonia  and  the  oxygen  absorbed? — 
They  go  just  accordingly :  the  more  nitratee  you  have 
the  further  the  alfbuminoid  ammonia  and  the  oxygen  ab- 
sorbed  go  down.    I  'have  not  those  in  bhait  form. 

4849.  Do  you  think  you  could  meet  changes  in  the 
strength  of  your  sewage  by  changes  in  temperature,  by 
simply  nusing  the  temperature  when,  the  sewage  waa 
stronger  ?— Yes.  That  ia  one  of  the  diief  advantages,  I 
think.  Here  you  have  a  pump  that  you  can  alow  down 
to  400,  or  that  you  can  increase  to  1000 ;  and  the  person 
who  is  in  charge  of  the  lalboratory  can  go  out  and  say 
"put  it  on  at  500;  "  "put  it  on  at  600;  "  "put  it  on  at 
800 ;  "  and  put  it  on  at  1000,"  according  to  the  strength. 

4850.  (Professor  Bamsay.)  Does  the  rapid  working  of 
the  pump  increase  the  amount  of  heat  given  to  the 
sewage  ? — ^The  rapid  working  of  the  pump  simply  increasea 
in  proportion. 

4851.  (Colonel  Harding.)  Increases  the  flow? — Li- 
creases  the  flow,  but  keeps  Ixhe  temperature  the  same ; 
the  temperature  is  the  same  with  a  quick  flow  as  with  a 
slow  flow,  because  you  want  so  much  more  steam  to  do 
the  work. 

4852.  (Professor  Bamsay.)  Can  you  increase  the  tem- 
perahire  ? — ^We  can  increase  the  temperature. 

4853.  Apart  from  the  flow  ? — There  is  a  supplementary 
steam  jet  to  increase  the  temperature. 

4854.  (Colonel  Harding.)  Have  you  formed  any  view 
as  to  the  ooet  at  which  these  results  as  to  heat  can  be 
obtained? — ^We  have  now  been  working  for  some  three 
months,  and  all  the  coals  that  have  gone  on  to  the  boiler 
have  been  weighed,  and  about  10  cwt  of  coal  is  re- 
quired to  raise  the  temperature  of  1,000,000  gallons  one 
aegree,  so  that  to  increase  the  temperature  five  degreea 
would  take  50  cwt.  of  coal  in  24  hours. 

4855.  (Sir  Biehard  Thornp.)  At  Accrington  did  you 
get  tEe  bcMler  solely  for  the  purpose  of  the  sewage  works^ 
or  did  you  use  it  for  a  destructor  or  anything? — It  was 
put  down  originally  to  drive  the  sludge-pressing 
machinery. 

4856.  If  you  had  a  destructor  at  work  I  suppose  t^^e 
same  boiler  would  heat  it  with  considerable  economy? — 
Yes.  You  could  obtain  the  whole  of  the  heat  you  woulif 
require  from  a  destructor;  the  whole  of  the  neat  could 
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be  obtained  from  the  refuse  of  the  tofwn,  that  would  be 
sufficient  to  warm  the  whole  of  the  sewage. 

4857.  With  very  little  fuel  added  to  the  refuse?— 
With  practically  no  additional  fuel. 

4868.  (Major-Oeneral  Carey.)  What  do  you  find  to  be 
the  cost  per  million  gallons — capital  expenditure  9— About 
£3  per  yard  per  600  gaflons. 

4850.  Per  square  yard  of  filter  ? — ^Tes ;  about  £3. 

4860.  {Sir  Bichard  Thome,)  That  is  the  original  out- 
lay ?—¥€«. 

4861.  {Major-General  Carey.)  That  includes  every- 
thing— the  whole  of  the  capital  expenditure? — Yes, 
boilers,  chimneys,  pumps,  sprinJders,  filtering  material, 
draining  bottom  of  the  tanks. 

4862.  (Cdonellfardifig.)  Will  you  say  what  filtering 
material  f—Tes,  my  estimate  is  based  upon  coke  as  being 
practically  as  cheap  as  clinker. 

4863.  (Professor  Foster.)  Have  you  tried  any  other 
material  than  coke?— I  have  tned  ordinary  ballast, 
sandetone,  and  granite  chippings. 

4864.  {Major-General  Carey.)  Cinders — ordinary  cin- 
ders ?— Yes. 

4865.  {Professor  Foster.)  With  what  result?— We  find 
it  is  best  to  have  something  large ;  something  about  one 
and  a  half  inches  or  two  inches,  and  coke  is  the  material 
that  gives  you  the  size  best.  It  is  the  size  that  deter- 
mines it,  not  the  nature  c^  the  material. 

4866.  Have  you  tried  finer  material  at  all  ? — ^With  the 
finer  material  the  flow  at  which  capilliary  attraction  be- 
gins to  work  is  so  small  and  you  cease  to  have  the  air 
passages ;  you  must  have  the  passages  for  free  films. 

4867.  Your  installation  has  been  going  on  now  for 
thirteen  months  ? — Since  last  June. 

4868.  "SMb  once  February?— The  tank  siince  February. 

4860.  But  the  filter  since  June  ? — ^The  filter  since  June. 

4870.  That  is  eight  months  ?— Yes. 

487L  Are  the  results  during  the  last  two  months  quite 
as  good  as  those  during  the  preceding  months  ?— Quite 
as  good  as  during  the  first  month ;  they  are  equal  now 
to  anything  we  have  had. 

4872.  Have  you  dug  into  your  filter  at  all ;  have  you 
displaced  any  part  of  it?— Yes;  we  have  dug  down 
several  times,  and  when  we  get  to  about  three  feet  the 
coke  seems  to  be  practically  as  good  as  new;  it  only 
eeems  to  affect  the  coke  for  about  three  feet  of  its  depth, 
so  far  as  any  jelly  showing  on  the  surface. 

4873.  Did  you  see  the  same  thing  in  bed  No.  1 1— Yes. 

4874.  Was  it  different  from  that?— It  is  of  a  much 
blacker«nature  :  quite  a  black  slime. 

4875.  For  about  three  feet? — ^For  about  three  feet. 

4876.  But  below  three  feet  ? — ^There  is  practically  no 
difference  in  the  material  from  when  it  was  first  put  in. 

4877.  The  coke  is,  so  to  speak,  clean  ? — ^Perfectly  clean 
in  appearance. 

4878.  Bo  you  think  that  the  greater  part  of  the  work 
is  done  in  the  upper  layers?— The  greater  part  of  the 
work  is  done  in  the  upper  layers.  I  may  say  that  the 
effluent  always  contains  in  our  sewage  a  fair  amount  of 
sediment  or  suspended  matter. 

4879.  {Colonel  Harding.)  How  much  ?— Perhaps  the 
total  will  be  about  70,  I  think. 

4880.  In  the  sewage?— No. 

4881.  The  total  solids  ?— Yes. 

4882.  Including  those  in  solution? — Yes. 

4883.  {Professor  Foster.)  70  in  100,000  ?— Yes,  the  total 
Miiids  in  the  filter  dried  a*  HQPC,  about  70;  they 
vary  from  64,  71,  and  72. 

4884.  To  the  100,000  ?— To  the  100,000- 

4885.  {Colonel  Harding.)  How  much  in  suspensioiiT — 
The  suspended  matter  in  the  filter  2-5. 

4886.  In  the  filtrate?— In  the  filtrate,  1*5,  3  and 
2-5.    Taken  from  Mr.  Naylor's  report. 

4887.  (Professor  Foster.)  Per  cent.  ?— Per  100,000. 

4888.  Per  100,000  7— Yes.  The  matters  in  solution 
are,  as  a  rule,  greater  in  the  effluent.  The  total  dissolved 
matter  in  the  final  effluent  is,  as  a  rule,  higher  than  the 
total  dissolved  matter  in  the  tank  effluent. 


4889.  What  proportion  of  that  is  borne  to  the  nitrates  ? 
— I  have  not  calculated  that. 

4890.  A  considerable  portion,  I  suppose? — I  should 
fancy  so ;  yes.  With  regard  to  the  cost,  I  may  say  that 
when  using  precipitants  at  the  rate  of  one  ton  of  lime 
and  copperas  per  million  gallons. 

4891.  But  you  do  not  use  them  now  ? — ^No,  but  tliia 
report  I  am  quoting  from  was  presented  by  the  Chief 
Inspector  to  the  Kibble  Joint  Committee,  and  in  com- 
paring the  cost  of  working,  he  gives  lime  and  eopperas 
£2  10s.,  pressing  40  tons  of  sludge,  £1;  which  gives 
a  cost  of  £3  10s.  per  million  gallons  treated ;  while  with 
the  new  treatment,  he  takes  one  ton  of  lime,  lOs.,  sup- 
poses the  sludge  13  tons,  and  puts  tw.  for  pressing,  and 
coal  £1  5s.,  or  a  total  cost  of  £2  per  million. 

4892.  I  thought  vou  had  no  sludge  at  all? — This  is  Mr. 
Xaylor  who  is  maKing  an  estimate  with  regard  to  the 
cost,  so  far  as  its  inclusion  within  tlie  regions  of  "the 
best  known  reasonable  and  available  means  "  is  concerned. 
He  is  taking  it  at  its  worst 

4893.  He  is  taking  it  untruthfully  ?— Yes. 

4894.  You  say  there  is  no  sludge  ? — ^Yes.  he  is  not  only 
doing  that,  but  he  has  taken  the  lime,  although  he  has 
been  told  repeatedly  that  we  are  only  using  10  cwt.  of 
lime ;  he  has  put  in  1  ton  of  lime,  and  the  sludge  13 
tons  ;  the  coals  at  25  cwt.  The  cost  formerly  was  £3  10s. 
as  against  £2  ;  but  there  would  be  a  saving  of  30s.  a  day, 
and  that  is  making  a  veiy  bad  show  of  the  figures. 

4895.  {Sir  Bichard  Thome.)  What  is  your  estimate  aa 
to  what  the  contrast  is  between  £3  under  the  old  system 
and  your  system? — My  estimate  is  that  they  will  save 
at  the  very  least  £2  a  day. 

4896.  Thai  is  the  difference  between  £3  10s.  and 
£1  10s.  a  day  ?— Yes  ;  between  £3  10b.  and  £1  lOe. 

4897.  {Colonel  Harding.)  What  does  Mr.  Naylor  saj 
of  your  final  effluent? — He  puts  it  amongst  the  "fair"  in 
his  list. 

4898.  Not  among  the  "  good  "  ? — ^No.  He  says  a  great 
advantage  would  be  some  sort  of  mechanical  strainer  for 
the  little  suspended  matter  in  the  filter  effluent,  for 
though  small  in  amount  it  affects  the  result  to  an  appre- 
ciable extent ;  when  devoid  of  this  albuminoid  ammonia 
it  yields  only  *08  instead  of  '16l 

4899.  Is  the  suspended  matter  albuminoid  ammonia 
then  ? — ^It  counts  as  albuminoid  ammonia  in  the  test  xt 
consists  of  58*5  per  cent,  of  mineral  matter  and  41-5  of 
organic  matter. 

4900.  {Sir  Bichard  Thome,)  There  has  never  been  any 
bacteriological  test  of  your  effluent? — ^None  at  all,  no. 
It  has  been  put  under  the  microscope  from  time  to  timet 
The  effluent  always  seems  to  be  highly  charged  with  much 
higher  forms  of  life  than  bacteria.  For  instance,  we 
get  any  number  of  cyclops. 

4901.  (Professor  Foster.)  As  it  is  passing  through?— 
Yes. 

4902.  (Professor  Bamsay.)  You  have  got  accounts,  I 
suppose,  of  the  amount  of  nitrates  and  albuminoid  am- 
monia?—Yes;   these  are  made  daily  now. 

4903.  You  will  submit  these  to  the  Commisaon  ? — ^Yes. 
you  can  have  copies  of  any  of  these.  These  are  for  eacii 
day,  and  they  are  much  better  than  figures.  For  in- 
stance, there  you  have  5*4. 

4904.  {Professor  Foster.)  That  is  the  daily  move?— Yes. 
from  the  1st  to  the  28th  of  February,  and  the  samples 
are  all  average  samples.  A  sample  is  taken  both  of  thv> 
sewage,  tank  effluent,  and  of  the  filter  effluent. 

4905.  {Professor  Bamsay.)  But  do  they  correspond  ?— 
The  average  ought  to  correspond.  Far  instance,  here  i.^* 
the  highest,  take  that  one ;  that  is  two  days  behind. 

4906.  {Professor  Foster,)  It  does  not  matter,  of  coarse  7 
—No. 

4907.  You  have  not  a  table  showing  the  comparison 
with  the  coke ;  you  did  not  do  the  albuminoid  ammoniA 
with  the  coke?— No,  we  were  quite  content  with  th* 
oxygen  absorbed  test.  Here  we  have  the  same  compari- 
son with  the  oxygen  absorbed. 

4008.  I  should  like  to  ask  you  how  does  this  8ew^« 
now  running  on  to  the  bed  whioh  we  saw  outside  ther^ 
compare  with  the  sewage  running  on  your  bed  ?^— It  is  not 
mudi  more  than  about  one-thiid  of  the  strength. 

4909.  Of  the  raw  sewage  ?— Yes. 
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4910.  {Major-General  Carey.)  That  you  have  at 
Accrington  ^--Tes. 

4911.  (Professor  Bamsay.)  Have  you  trade  effluents  at 
Accrington  ?— Yes,  we  haye  tanneries,  leather  currying, 
Boap  works,  ohemioal  works,  and  bleach  and  dye  worlu. 
We  have  no  scouring  or  anything  of  that  nature. 

4812.  (Professor  Foster.)  More  dyes? — ^Yes.  We  hare 
a  number  of  dye  extract  makers,  and  we  get  a  fair 
^[)rinkling  of  the  washings  from  logwood  and  tanning  and 
soap  making,  and  that  sort  of  thing. 

4813.  Is  your  filter  effluent  often  coloured  7 — ^Nerer 
coloured. 

4814.  (Major-General  Carey,)  No  matter  what  the  dye 
is) — ^Ko  matter  what  the  dye  is. 

4815.  (Professor  Foster.)  At  what  stage  is  the  colour 
lost?— Partly  in  the  tanks;  chiefly,  I  may  say,  in  the 
tanks. 

4816.  (Colonel  Harding.)  Js  it  very  visible    in    the 
sewage  ? — ^Yes ;  you  get  it  ahnofft  like  red  ink  at  times. 

4817.  Do  you  get  blue  dyes  ? — We  do  not  get  any  blue 
•  <iyes.     I  have  tried  it  with  blue. 

4818.  (Major-General  Carey.)  What  are  your  obser- 
vations with  regard  to  the  water  capacity  of  tilter  at  start- 
ing ?-— We  have  tried  ours,  and  it  is  a  very  singular  thing 
that  it  seems  to  have  been  a  prevalent  notion  that  if  you 
reduce  the  dimensions  of  the  material  you  also  reduce 
the  liauid  capacity,  but  it  is  quite  immaterial  what  is  the 
size  of  material  you  use ;  the  liquid  capacity  remains  the 
same  whether  you  have  half-inch  coke  or  three-inch  coke. 

4819.  What  proportion  is  that  to  the  original  capacity  » 
— As  eight  is  to  seventeen. 

4820.  (Prof essor  Bamsay.)  Does  it  matter  in  your  case  ? 
— "So. 

4821.  (Professor  Foster.)  Your   filter  is   a  perpetual 
.  sieve  ? — ^Yes. 

4822.  Of  which  you  cannot  estimate  the  capacity  ? — ^No 

4883.  (Colond  Harding.)  You  cannot  fill  the  bed  ?— 
No ;  but  you  can  estimate  the  capacity  by  taking  a  cubic 
yard  of  the  material. 

4924.  (Sir  Bichard  Thome.)  Would  there  be  any  object 
in  doing  so? — ^Not  the  slightest.  The  difference  to  me 
appears  to  be  shown  very  clearly  in  an  ordinary  bed  re- 
maining at  rest;  when  you  fiM  it  up  with  sewage  you 
drive  the  whole  of  the  air  out,  and  all  that  takes  place 
while  the  liquor  is  in  actual  contact  with  the  bed  is  for 
the  sui^ended  matter  to  deposit,  and  it  acts  more  as  a 
stwnw  than  as  an  actual  purifier,  although  it  is  left 
in  contact  with  the  beds.  Some  little  purification  goes 
on  on  account  of  the  capacity  of  the  bacteria  no  doubt, 
but  the  bulk  of  the  work  is  done  when  the  bed  is  run 
ofT  and  the  air  is  brought  then  into  contact  with  the 
bacteria,  where,  as  in  this  case,  the  tank  is  always  run 
off ;  that  is,  in  the  sense  of  always  being  empty,  and  the 
air  is  always  present,  and  always  present  in  a  recurring 
•current  on  account  of  the  temperature  being  higher  and 
much  greater  ventilation  taking  place.  I  have  tried  it, 
not  only  with  broken  material,  but  I  have  tried  it  in  an 
ordinary  ohemi«^l  vessel  in  a  laboratory  where  you  can 
take  shot  of  different  sizes— fine  shot,  buck  shot,  marbles, 
and  so  on.  If  you  take  a  vessel  and  m  it  with  the 
vanous  sizes  of  shot  and  try  the  Hquid  capicity,  vou 
find  that  the  same  amount  of  liquid  is  required  whether 
you  use  one-eighth  inch  or  half-inch  shot. 

4825.  You  were  saying  that  the  principal  action  takes 
place  m  the  upper  three  feet  of  the  filter.  Why  then  do 
you  make  your  filter  twelve  feet  deep  ?— If  you  could  eet 
It  absolutely  uniform,  so  that  you  would  be  sure  that  in 
each  part  of  the  filter  the  liquor  would  remain  the  same 
Iwigth  of  time,  a  less  depth  would  be  sufficient,  but  vou 
will  find  however  carefully  constructed  the  filter  is,  that 
m  cme  particular  spot  there  will  be  quite  a  distinct  and 
direct  thread  of  air^  and  that  thread  of  air  would  pass 
too  much  of  the  effluent.  The  extra  depth  is  only  to 
ha^ce  what,  you  might  call  the  irregularities  of  the 

4826.  It  is  a  check  then  ?— Yes,  it  is  a  check. 

4827.  (Professor  Foster.)  You  said,  I  think,  that  a 
Mmple  of  the  gas  taken  from  about  the  middle  of  your 
ffltei^-^  sample  wfcich  you  beBeved  to  represent  the  con- 

'<htion  of  the  gas  at  the  time,  was  purely  atmospheric 
.«ir?— Yes,  ordinaiy  atmospheric  air. 

4828.  Then  the  oxygen  which  the  nutrifying  oTganisms 
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had  taken  out  had  been  immediately  supplied  ? — ^Yes,  in    Mr.  c.  j. 

its  place.  WhUtaker. 

4828.  And  what  becomes  of  any  carbonic  dioxide  that    ^i  March 
forms? — ^That  must  be  taken  up  by  the  Httle  excess  of      ^P^- 
lime. 

4830.  (Professor  Bamsay.)  Or  pass  upwards?— Or  pass 
upwards. 

4831.  (Professor  Foster.)  Did  you  examine  it  very 
csretiHj ;  you  are  sure  that  there  was  no  indication  of 
the  nitrogen  in  the  atmosphere  ?— Oh,  jee ;  I  added  the 
caustic  potash  first,  very  car^ully  levelled  without  the 
slightest  show  of  any  carbonic  aoia ;  then  I  added  pyro- 
gaUic  acid  which  gave  21  oxygen ;  it  was  very  marked. 

4832.  But  there  is  a  loss  of  nitrogen  in  the  whole  pro- 
cess?— Xot  in  the  atmospheric  air,  I  suppose. 

4833.  But  in  this  way,  with  the  nitrogen  of  your 
mtrates  ? — ^In  the  nitrogenous  material. 

4834.  A  considerable  deficiency  ^— Yes.  According  to 
the  Kjeldahl  method,  for  instance,  the  tank  effluent  gave 
6*8  of  nitrogen  as  ammonia,  total  nitrogen ;  that  was  re- 
duced to  4-3.  On  another  day  the  tank  effluent  or  total 
nitrogen  was  6-22,  -^hile  the  filtrate  was  2-7. 

4835.  Does  that  mean  that  the  nitrogen  has  been  got  rid 
of  somehow  ? — ^Yes.     Converted  into  nitrates. 

4836.  No  free  nitrogen  has  been  looked  for?— Then, 
for  instance,  first  of  all  the  ammonia  is  determined. 

4837.  But  the  Kjeldahl  determines  the  total  nitrogen  ? — 
Yes,  but  we  determine  free  ammonia  first,  and  reduce 
the  nitrates  and  nitrites  to  ammonia  by  the  zinc  and 
copper  couple. 

4838.  And  in  passing  through  your  system  tihere  has 
been  a  very  notable  loss  of  nitrogen? — Yes,  as  nitrates. 

4838.  It  must  be  either  retained  in  the  body  of  your 
filter  somewhere — or  go  off  atmospheric  nitrogen? — ^Yes. 
Or  pass  away  as  nitrates. 

4840.  Probably  the  latter  ?— Yes,  probably. 

4841.  You  have  not  tried  crude  sewage  on  your  bed  at 
all?— No. 

4842.  (Professor  Bamsay.)  What  is  the  relative  area 
which  is  covered  by  your  filter  compared  with,  say,  the 
Dibdin  process,  for  disposing  of  the  same  quantity  of 
sewage  in  the  same  time  ?— We  have  at  Accrington  tfiree- 
quarters  of  an  acre  of  tanks. 

4843.  To  deal  with  how  much  sewage  ? — ^And  we  shall 
have  three-quarters  of  an  acre  of  filters ;  that  wiU  deal 
with  1^  millions  of  dry  weather  flow — ^an  acre  and  a-haU. 

4844.  One-and-Srhalf  acres  to  a  milllon-and-a-quartcr 
gallons  ? — Yed. 

4845.  (Professor  Foster.)  Have  you  calculated  what 
area  of  filter  is  required  per  htmdred  thousand  of,  in- 
habitants ? — I  have  not  calculated  that. 

4846.  (Sir  Bichard  Thome.)  Could  you  compare  the 
area  of  land  that  is  required  for  your  works,  and  that  re- 
quired for  Mr.  Dibdin's  ?— It  would  take  twice  the  area. 

4847.  (Colonel  Harding.)  Are  you  considering  merely 
the  fine  bed?  You  say  that  it  will  take  a  very  mueii 
laiger  area  for  the  contact  beds,  but  are  you  counting 
double  contact  beds  or  simply  fine  beds  ?—  -Double  contact 
beds. 

4848.  That  is  not  fair ;  the  rough  contact  bed  takes 
the  place  of  the  septic  tank  7 

4848.  (Professor  Foster.)  You  are  counting  your  septic 
tank  ? — ^Yes.  In  my  own  mind  I  have  come  to  the  con- 
clusion that  no  scheme  will  ibe  adequate  that  does  not 
preliminarily  treat  the  sewage  for  a  very  obvious  reason. 

4850.  (Major-General  Carey.)  Whether  it  is  domestic 
or  not? — ^Por  a  very  obvious  reason. 

4851.  (Professor  Foster.)  What  do  you  mean  by  "pre- 
viously treated  "  ?— You  must  first  of  all  retain  it  in  some 
vessel  in  order  to  get  an  average  sample. 

4852.  (Sir  Bichard  Thome.)  That  is  your  septic  tank? 
— ^Yes. 

4863.  (Professor  Foster.)  You  do  not  mean  treated 
oheanicaUy  ? — ^I  do  not  mean  treated  chemically.  For  any 
system  of  sewage  treatment  to  be  perfect  you  must  h*ve 
as  nearly  as  possible  a  perfectly  average  sample  to  deal 
with.  You  do  not  want  to  have  to  deal  during  one  hour 
of  tlie  day  with  sewage  at  2  and  at  tfie  next  hour  of  the 
day  sewage  at  0  2  albuminoid  ammonia^ 

^  4864.  Why  not? — ^Because  no  filter  can  deal  witii  it. 
Just  as  analyses  are  vitiated  by  the  way  iu  which  the 
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Mr.  c.  J.    samples  are  taken,  so  I  believe  a  filter  will  deal  with  it 

Whittaker.  according  as  the  sample  is  taken.      The  chief  benefit 

n  March    besides  the  decomposition  that  takes  place  in  that  open 

1809.       septic  tank  is  that  from  the  Leeds  sewage  will  pass  into 

that  tank  a  sample  of  all  the  sewage  that  comes  down 

during  every  hour  of  the  day,  and  in  that  septic  tank 

you  mH  have  an  albsolutely  aveorage  sample  of  the  Leeds 

sewage. 

4055.  (Major-General  Carey,)  And  certain  portions  of 
it  may  counteract  and  neutralise  others? — Certain  por- 
tions may  counteract  and  neutralise  others.  Sometimes 
you  have  strongly  acid  sewage  coming  down,  and  others 
strongly  alkaline. 

4066.  {Profe$9or  Bamsay.)  I  think  I  noticed  some  sort 
of  hint  in  the  opening  of  your  evidence  in  which  you 


suggested  that  such  tanks  need  not  be  near  the  sewage 
works  at  all  1 — ^They  can  be  miles  away  for  the  matter  of 
that.  My  notion  of  a  perfect  sewage  works  is  down  tiie- 
valley,  somewhere  out  of  the  wav,  to  run  the  sewage 
down  so  as  to  hold  a  week's  enppiy.  In  doing  that  yoo 
would  then  get  a  much  better  average — that  is,  yon 
would  get  wet  and  dry  weathers'  mixed  together,  instcar^ 
of,  as  now,  if  you  have  a  few  days'  dry  weather  you  have 
the  sewage  as  strong  as  possible.  Why  should  yon  not 
have  an  immense  reservoir  for  sewage  the  same  as  an 
immense  reservoir  to  supply  a  town  with  water  ? 

4957.  (Cdonel  Harding.)  You  are  not  afraid  of  any 
smell  arising  from  a  very  laige  septic  tank?— Not  the 
slightest.  I  think  the  smell  from  pressed  sludge  is  far 
more  excruciating. 
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Description  op  the  "  Cosham  "  Patent  PRBCiprrATiNG 

Tanks. 


^^I***  The  object  of  the  invention  is  to  construct  improved 
.  precipital^  tanks,  which  will  afford  a  ready  and  acces- 

sible means  of  precipitating  sewage,  after  it  has  been 
treated  with  a  chemical  process,  so  that  the  efiBluent  may 
be  discharged  bright,  clear,  and  free  from  smell. 

The  invention  consists  of  a  comibination  of  chambers, 
arranged  in  a  group,  all  enclosed  in  a  wall  of  cylindrical, 
polygonal,  rectangular,  or  other  suitaible  external  form, 
and  preferably  formed  of  cement,  concrete^  or  Staffoxd- 
Bhdre  ibhie  bricks. 

The  tanks  are  specially  designed  to  interceixt  the  float- 
ing impurities  in  sewage  by  means  of  passing  it  from  one 
chamiber  to  another  through  specially-designed  flues,  or 
traps.  The  shielded  passages,  or  flues,  c,  d,  e,  f,  g, 
Appendix  h,  t,  j,  k  (see  drawing),  effectually  prevent  the  flooculent 
No^i.  xnatter  escaping  previous  to  its  settling,  thus  taking  only 
the  clearest  fluids  from  one  chamiber  to  the  next.  The 
floatii^  impurities  being  collected  <m  the  surface  of  each 
ddviaion,  particularly  in  chambers  Nos.  1,  2,  and  3,  this 
certainly  preveii«ts  it  escaping  on  to  prepared  filters  on  land 
for  final  purification. 

The  circular  tank  is  specially  adapted  to  the  treatment 
of  sewage  in  districts  where  the  contour  of  the  land  will 
not  permit  the  precipitated  sludge  to  be  conveyed  by 
gravitation  on  to  land. 

The  sewage  to  be  treated  is  carried,  after  being  sub- 
jected to  the  precipitating  action  of  chemicals,  to  No.  1 
chamiber  ;  it  then  flows  through  what  is  termed  a  floccu- 
lent  chwmber,  c,  rectangular  in  shape,  into  No.  2,  thence 
into  Nos.  3,  4,  5,  6,  7,  8,  and  9,  through  the  various 
flocculent  flues,  d,  e,  f,  g,  A,  i,  y,  provided  in  each  respec- 
tively. The  greatest  proportion  of  the  solid  matter  is 
preoapitated  in  No.  1  chamber,  precipitating  less  in  quan- 
Uty  as  it  flows  throu^  the  other  cham^bers,  until,  when 
the  eewage  arrives  at  No.  9  chamber,  very  little  solid 
matter  is  found  at  the  bottom.  The  flocculent  chambers 
or  flues,  the  very  essence  of  the ''  Cosham  "  patent,  serves 
to  carry  the  sewage  gently  from  one  chamber  to  another, 
without  distrubing  Qie  solid  matter  at  the  bottom,  and 
taking  up  the  clarified  effluent  and  suspended  matters, 
which  latter  collects  upon  the  surface,  not  remaining  in 
suspension.  The  effluent,  as  it  runs  out  of  No.  9  chamber 
through  flue  k,  is  clear,  and  contains  but  little  suspended 
matter. 

Hie  precipitate  in  the  centre  chamber  of  the  tank  is 
removed  by  means  of  a  syphon  and  penstock  or  chain 
pump.  The  lowering  of  sewage  in  this  chamber  by  open- 
ing the  shackle  valves,  I,  and  the  weight  of  sewage  in 
the  other  chambers,  forces  the  sludge  in  them  into  the 
centre  compartment. 


The  rectangular  tank  works  upon  the  same  principle 
as  the  circular,  but  m  designed  to  deal  with  much  larger 
quantities  of  sewage,  and  where  the  contour  of  the  liukL 
will  allow  the  sludge  to  be  removed  from  the  bottom  of 
tank  by  gravitation. 

We  claim  that  a  far  superior  effluent  can  be  obtained  by 
this  svstem  than  by  any  other,  and  that,  with  «  con- 
siderably less  quantity  of  chemicals  and  a  TwiwiTnnm  d 
huboar. 

The  "  Cosham  "  tanks  are  at  use  at  the  followiDg  aowage 
woiiks,  and  have  been  in  use  for  the  nunvber  of  yvara 
indicated  by  the  number  againat  iflie  name  of  the  place :— 


AwBWorth,  Notts    - 

60,000  gallons 

Conatracted     — 

Broom  Fuk,  Dnrfaam     - 

15,000 

»» 

107 

Bamby  Manor,  Notts    (resi- 
dence of  F.  Piatt,  Esq.). 
Brancepeth  (Hall)  Durham    • 

60,000  galls,  (about) 

—           18M 
Conatrocted  1808 

New  Cresswell,  Notts     - 

60,000 

M                     n 

East  Howie,  Durham     • 

16,000 

1W7 

Ferry  Hill,  Durham 

10,000 

»                      n 

FoleBhlll,  Warwickshire 

20,000 

18« 

Hillstown,  Derbyshire    • 

20,000 

1897-S 

Klmberley,  Notts   - 

260,000 

Converted     1806 

Kingston   Dairy    Fkrm,    W. 

Kegworth. 
Nuneaton,  Warwickshire 

10,000 
600,000 

Oonstracted  I80& 
Converted     1886 

Oadby,  Leicestershire     • 

20,000 

Constructed  1B» 

Pleasley,  Derbysliire 

25,000 

189S 

Buddington,  Notts 

60,000 

' "                    k 

1889 

Bothes,  N.  B.  - 

100,000 

189a 

Boade,  Northamptonshire     • 

20,000 

1888 

Shirebrook,  Derbyshire  • 

160,000 

1898 

Sedgefleld,  Durham 

10,000 

18»7 

Trimtlon,  Durham  - 

160,000 

1898 

Tlbself,  Derby  - 

60,000 

1887 

West  Comfortli,  Durham 

60,000 

188& 

Waterhouses,  Durham   - 

10,000 

1890 

W  bitehouses  (Hall)  Lanes.     • 

10,000 

n                    » 

Woolsthorpe  (Duke   of  Rut- 
land's Estate). 
Klbworth,  Leicestershire 

10,000 
40,000 

1897 

iwo 
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4059.  (Chairman.)  YovL  are,  I  believe,  Mr.  Cosham, 
representing  the  Natural  Purification  Com/panj  ? — I  am. 

4959.  We  are  much  obliged  to  jou  for  your  statement, 
which  we  have  all  read  with  interest,  and  which  will  be 
placed  upon  the  minuteo.  I  should  Hke  to  ask  you  whera 
joa  would  wish  us  to  examine  your  process  9---At  Nun- 


eaton, my  Lord  ;  there  are  three  tanks  there,  where  they 
are  treating  three-parts  of  the  sewage.  Part  oi  this  is 
bacterial  traatment. 

4960.  We  are  really  much  obliged  to  you,  and  we  will 
not  trouble  you  further  at  this  stage. 


Mr,T. 


20  Jnnt 
1900. 


Mr.  A.  P.  Hops,  F.C.S.,  called  in ;  and  Examined. 


(1)  Our  Invention. 

In  describing  the  invention  we  will  explain  the  procecs 
Aft  carried  out  at  Haxkley,  Staffordshire.  The  sewage 
■arnves  at  the  outfall  works,  situated  one  mile  from  the 
town,  and  runs  by  gravitation  into  three  storsge  tanks, 
the  capacity  of  which  is  about  four  million  gallons.  From 
these  it  is  lifted  twelve  feet  by  centrifugal  pumps  into  a 
channel,  where  the  precipitants  are  addea,  viz.,  seven 
.grains  of  lime  and  three  grains  of  protochloride  of  iron 
to  the  gallon  (this  latter  preparation  is  obtained  by  evapo- 
rating to  crystals  the  bath  liquor,  in  which  the  rough  par- 
ticles of  iron  have  been  dissolved  off  the  plates  before 
being  made  into  galvanised  iron). 

The  sewage  then  passes  into  five  precipitating  tanks 
^two  million  gaHons  capacity)  by  the  continual  flow-through 
method.  The  resulting  effluent  is  then  passed  through 
what  are  called  Bacillite  disinfecting  batteries,  pf  which 
i;here  are  four,  at  the  rate  of  four  thousand  gallons  per 
minute,  viz.,  one  thousand  gallons  per  minute  through 
«ach. 

These  batteries  are  chambers  4  feet  by  3  feet  in  area 
tmd  3  feet  deep,  oontaininff  perforated  pipes,  from  which 
«team  saturated  with  carbolic  acid  permeates  the  whole  of 
the  effluent  as  it  passes  through,  giving  it  the  appearance 
of  being  boiled,  although  in  reality  it  only  raises  the 
temperature  2  per  cent.  This  disinfecting  steam  is  con- 
nected with  a  coke  oven,  from  which  it  draws  by  an  in- 
•duced  current  the  carbolic  acid  gas  fumes  from  the  red-hot 
coke.  This  latter  gas  is  for  neutralising  any  alkalinity  of 
the  effluent,  as  the  object  in  using  it  is  economy  in  pre* 
cipitating,  in  being  able  to  use  more  lime  and  less  iron. 

The  effluent  then  runs  over  a  portion  of  land,  and  from 
thence  into  the  river  Trent,  but  the  Hanley  Corporation 
intend  to  erect  filters,  which  we  recommend,  viz.,  3  feet 
of  small  SBSorted  coke  at  the  rate  of  a  1,000  gallons  per 
square  yard  per  day.  A  small  filter  is  at  work  close  to  the 
l>atteries. 

This  disinfecting  process  was  invented  by  our  acting 
manager,  Mr.  A.  P.  Hope,  F.C.S.,  M.P.S.,  and  its  essen- 
tial l^nefits  are  that  large  quantities  of  sewage  can  be 
disinfected  at  a  very  small  cost,  three  pints  of  carbolic 
acid  being  sufficient  to  sterilise  one  million  gallons  of  sew- 
age, the  fact  of  using  steam  as  a  vehicle  for  introducing 
the  germicide,  the  power  of  the  carbolic  acid  is  increased 
over  200  per  cent. 

(2)  Advantages  Claimed. 

That  at  a  minimum  of  cost  all  pathogenic  germs  in  sew- 
4ige  are  destroyed,  and  in  conjunction  with  precipitation 
.and  filtration  an  innocuous  effluent  obtained.  We  con- 
sider this  very  essential  whore  the  sewage  from  towns 
runs  into  rivers  from  which  water  is  abstracted  for  drink- 
ing purposes. 

(3)  Grounds  of  Support  of  Claim. 

These  can  be  exemplified  by  an  inspection  of  the  sewage 
works  at  Hanley,  Staffs.,  where  the  quantity  treated  is 
iour  million  gallons  per  day ;  and  also  at  King's  Norton, 
near  Birmingham,  where  the  amount  is  four  hundred 
thousand  gallons  per  day,  both  to  the  entire  satisfaction 
of  the  respective  authorities,  who  have  renewed  their 
-contracts.  Reports  from  eminent  experts  support  our 
<claim  and  this  evidence. 

(4)  Cost  of  our  Process. 

The  initial  cost  of  the  four  batteries  at  Hanley  was 
•about  £80. 

The  Working  Cost. — The  charge  made  by  the  Bacillite 
Syndicate  for  sterilisation  by  this  process  is  four  shillings 
and  threepence  (48.  3d.)  per  million  gallons  of  sewage, 
this  syndicate  finding  the  germicide.  This  is  quite  apart 
from  precipitation  and  filtration  undertaken  by  the  autho- 
rities. 

The  places  where  this  process  is  at  work  have  been 
mentioned  above,  viz.,  Hanley,  Staffs.,  to  over  t^ree 
years,  and  King's  Norton,  near  Birmingham,  for  foiir 
years. 

4961.  (Chairman.^  Yon  are  Mr.  Hope,  and  you  oome 
"before  us  representmg  the  ''Bacillite"  Semage  Purifica- 
tion Process? — ^Yes. 


4962.  The  Commaseion  are  veiy  much  obliged  to  you  j^L,  p.as. 
for  your  stotement,  which  we  all  read  with  interest,  and       -^' 
which  will  be  placed  upon  our  minutes.      We  do  not 
propose  to  ae&  you  nuich  now,  'because  we  undeistuid  that 

you  invite  us  to  examine  for  ourselves  the  result  ol  your 
system  9 — That  is  so,  my  Loid^ 

4963.  Well,  we  should  be  very  happy  to  do  that^  and 
we  should  be  glad  to  know  whereyou  wish  us  to  come 9 — 
Well,  we  should  prefer  King's  Heath,  becsAise  i^  have 
a  Islboratory  there,  properly  fitted,  and  if  you  will  flavour 
us  with  an  inrvestigation  we  should  prefer  to  have  it  at 
King's  Heath. 

4964.  (Colonel  Harding,)  Tou  say  here  King's  Norton  ; 
is  it  the  same  place? — Well,  it  is  King's  Heath,  just 
outside  King's  Norton. 

4965.  And  it  is  near  King's  Norton  ?>^Yes,  albout  six 
miles  outside  Birmingham.  Visitors  get  out  at  Lifford 
Station. 

4966.  (Chairman,)  There  is  one  thing  I  want  to  ask 
you.  You  say  your  system  destroys  all  pathogenic  germs. 
Now,  do  you  also  say  that  it  destroys  all  germs  f—No, 
ifb  dioes  not  destroy  all  germs,  ibut  it  destroys  all  the 
pathogenic  germs. 

4967.  Well,  how  do  you  know  that ;  have  you  made  a 
great  numfber  ol  anstlyses? — ^Yes,  we  have  made  a  great 
number  of  analyses,  ibut  personally  I  go  more  'by  chloride 
— (by  the  keeping  d  the  effluents,  and,  of  course,  also  by 
the  analyses.  What  I  find'  my  Lord,  is  that  the  patho- 
genic germs  are  destroyed  so  much  quicker  than  the 
others. 

4968.  (Sir  Michael  Foster.)  Could  you  state  what  germs 
it  does  not  destroy— I  mean,  give  any  particular  species 
which  it  does  not  destrc^? — ^No,  I  cannot  tell  you  tnat. 

4969.  By  analysis  do  you  mean  bacteriological  analysis 
or  a  chemical  azudysis? — Well,  we  have  both. 

4070.  (Mr.  Poller.)  Does  it  destroy  the  spores  of  any 
germs  as  well  as  the  bacteria  themselves? — Yes,  it 
destroys  all  the  spores ;  we  consider  it  does. 

4971.  (Sir  Michael  Foster,)  Do  you  know  whether  it 
destroys  bacillus  enteriditis  sporogenes?  Has  that  been 
attended  to  in  your  bacterialogical  analyses  ^— Well, 
we  can  only  conclude  that  by  the  effluents  and  their 
keeping  properties;  there  cannot  be  any  pathogenic 
life  left  in  the  effluents. 

4972.  (Professor  Bamsay,)  What  do  you  do  with 
your  sludge? — We  press  it. 

4973.  And  what  becomes  of  it  ultimately  ?— It  is 
thrown  out  on  the  land — ^the  pressed  sludge. 

4974.  (Sir  Michael  Foster.)  By  pathogenic  are  you 
meaning  putrescing  organisms  ?---Yes,  putrefactive 
germs. 

4975.  Because  pathogenic  germs  means  germs 
capable  of  giving  rise  to  disease  ? — Yes,  well  I  mean  to 
include  all  putrefactive  germs. 

4976.  That  is  to  say  your  effluent  does  not  putrefy ; 
that  is  what  you  mean  by  destroying  all  pathogenic 
germs  7 — Yes,  it  does  not  putrefy  even  when  it  is  not 
filtered  ;  it  will  keep. 

4977.  (Professor  Bamsay,)  You  state  at  the  foot  of 
page  four  of  your  large  pamphlet — this  one — ^that  it  is 
next  to  impossible  to  produce  nitrification  with  a 
manufacturing  town  sewage.  Is  that  based  on  experi- 
ments, or  on  opinion,  or  what? — ^Well  that  is  rather 
an  old  pamphlet.    I  do  not  adhere  to  that  now. 

4978b  (€olonel  Harding,)  On  what  scale  is  the  work 
done  at  King's  Norton  ?--About  half  a  million  gallons 
a  day. 

4979.  And  is  your  estimate  for  sterilising  4s.  3d.  per 
million  gallons  based  on  that  ? — ^No,  we  charge  4b.  od. 
at  Hanley  per  million.  We  have  four  million  gallons 
per  day  there,  but  at  King's  Heath  where  we  have  had 
the  contract  a  few  years  we  charge  more  ;  it  comes  in  all 
about  6s.  6d. 

(Chairman.)  Thank  you,  Mr.  Hope,  I  think  we  need 
not  detain  you  any  longer. 
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ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL: 


Mr.  H.  B.  Jagoeb,  called  in;  and  Examinea. 


Mr,  H.  B. 
Jaggtr. 

ao  June 
1900. 


In  reply  to  your  request  for  particulars  of  our  sewage 
patents,  1  beg  to  say  as  follows  : — 

The  patents  are,  a  o.  9312,  1888,  granted  to  Bex^jamin 
Jagger,  and  No.  5753,  1889,  granted  to  Benjamin  Jagger, 
Henry  Bateson  Jagger  and  Arthur  Turley. 

They  cover  the  right  to  use  carbonised  refuse  in  the 
manner  therein  described,  for  the  purification  of  sewage. 

The  special  features  of  the  "  Jagger  "  system  of  sewage 
purification  consist  in  making  the  town  s  refuse  purify 
the  towns  sewage,  or,  in  other  words,  using  one  nuisance 
to  abate  another.  That  this  is  possible,  it  is  only 
necessary  to  point  out  that  all  towns'  (ashpit)  refuse 
contains  a  lar^e  percentage  of  animal  and  vegetable 
matter,  in  the  sna})e  of  garbage,  old  boots,  rags,  bones, 
paper,  wood  straws,  <fec.,  <fec.,  to  carbonise  which  is  to 
convert  it  into  charcoal,  and  thus,  not  only  is  a  cheap 
and  efficient  (there  is  no  better  filtering  medium  than 
charcoal,  but  it  is  too  expensive  to  buy)  filtering  medium 
obtainea,  but  the  enormous  first  and  annual  cost  (where 
destructors  and  such  like  methods  of  disposing  of  refuse 
are  used)  of  disposing  of  the  refuse  is  saved. 

Briefly,  the  i)rocess  is  as  follows  : — 

The  refuse  is  deposited  in  specially-constmcted  carbo- 
nizers,  and  brought  to  a  red  heat,  so  that,  no  matter  how 
foul  the  material  may  be,  it  is  thoroughly  purified  and 
rendered  not  only  innocuous  but  utilizatole  as  follows  : 

It  is  scraped  into  four  grades,  the  second,  third  and 
fourth,  sizes  consisting  mostly  of  small,  medium  and 
large  cinders  are  used  in  two  ways,  viz,  : — 

Ist.  As  preliminary  filters  by  means  of  which  the 
sewage  is  deprived  of  the  bulk  of  its  suspended  matter. 

2nd.  As  the  under  layer  of  filter  beds,  supporting  on 
top  one  of  the  first  screenings,  being  the  carbon  powder 
or  filtering  medium  on  to  the  surface  of  which  the 
clarified  sewage  is  |)assed,  issuing  therefrom  a  clean  and 
inodorous  effluent.  The  filters  are  capable  of  dealing 
with  every  description  of  polluted  waters,  domestic  or 
factory. 

The  effluent,  undiluted,  is  capable  of  sastaining  fish 
life.  An  analysis  by  Dr.  Frankland  (Analyst  to  the 
Local  Government  Board),  of  the  effluent  obtained  by 
our  process  from  a  very  btid  sewage,  that  of  Halifax, 
where,  in  addition  to  the  domestic  sewage  there  is  a 
large  volume  of  "Dye"  and  other  manufacturing 
poflutions,  shows  that  tne  whole  of  the  suspended  matter 
and  60%  of  the  soluble  organic  matter,  had  been  removed. 

An  analysis  by  W.  Naylor,  Esq.,  F.C.S.,  *S:c.  (the 
inspector  to  the  Kibble  Joint  Committee)^  of  the  affluent 
from  our  filters  at  Baildon,  taken  by  hmiself,  shows  a 
removal  of  62^%  of  the  albuminoid  ammonia. 

An  analysis  oy  J.  T.  Ainslie  Walker,  Esq.,  F.C.S.,  of 
the  effluent  taken  from  our  filters  at  Baildon  shows  the 
purifications  effected  in  the  case  of  the  albuminoid 
ammonia  to  be  60"  15%.  All  these  results  were  obtained 
by  single  filtration  only,  but  when  extreme  purity  of 
effluent  is  desii-able  and  the  **  fall "  will  allow,  it  can  be 
filtered  a  second  or  even  a  third  time  with  no  additional 
cost  save  the  first  one  of  laying  down  the  filters,  for  the 
filtering  medimn  costs  less  than  nothing  if  an  allowance 
is  made  for  the  cost  of  disposing  of  the  refuse. 

The  impurities  in  the  sewage  are  arrested  either  in  the 
preliminary  filters,  or  on  the  surface  of  the  filter  beds^ 
and  when  the  former  become  choked  they  are  allowed 
to  drain  and  the  contents  re-carbonized,  and  the  material 
again  available  ;  when  the  filters  become  choked  the  bed 
is  allowed  to  drain,  the  impurities  deix)sited  thereon 
scraped  off  and,  after  resting  awhile,  a  fresh  layer  of 
carbon  powder  is  laid  on  and  there  is  practically  a  new 
filter  ready  for  use. 

The  "scrapings"  are  in  a  comparatively  dry  and 
portable  condition,  and  can  either  be  used  for  manurial 
purposes  (at  Baildon  they  get  4«.  a  load  for  it),  or  they 
can  be  re-carbonised  and  used  over  again. 

That  the  process  is  a  simple  one,  it  is  only  necessary 
to  point  out  that  no  scientific  or  even  skilled  attention 
is  necessary ;  an  ordinary  intelligent  laboiurer  being  quite 
capable  of  managing  the  works. 

That  it  is  sufficient,  it  is  only  necessary  to  draw 
attention  to  the  analysis  previously  referred  to. 

That  it  is  economical,  it  is  only  necessary  to  say  that 
there  is  nothing  to  buy,  and  that  wherever  there  are 
people  making  sewage  that  same  people  are  making  the 
refuse  necessary  to  purify  it. 

Special  points  in  favour  of  the  Carbonized  Refuse 
System : 

No  precipitant  being  used  the  quantity  of  solids  is 
not  increased,  and  no  sludge  is  made. 


The  sludge  difficulty  is  solved  by  making  none,  the 
solids  are  arrested  in  the  cinder  pits,  or  preliminary 
filters,  and  where  the  cinders  are  "loaded"  they  are 
carbonised  to  the  sludge  adhering  to  them,  consisting 
mostly  of  animal  or  vegitable  matter  is  converted  into 
"  carbon  powder." 

Unlikeland,  these  filters  do  not  get  water  or  sewage 
logged.  When  the  effluent  flows  from  them  at  a  less 
sp^  than  ten  gallons  per  yard  per  hour  it  is  an 
indication  that  sufficient  impurities  have  been  deposited 
on  its  surfaces,  and  it  is  then  removable  as  before 
described;  this,  however,  cannot  be  done  with  land. 
Land,  when  choked  or  sewage  logged — ^must  either  be 
abandoned  and  more  bought,  or  it  must  have  a  long 
period  (two  years  at  least)  of  rest. 

Other  filtering  mediums  must  be  renewed  or  cleansed 
— ^if  renewed  there  is  the  cost  of  it-^^the  carbonised 
refuse  filtering  medium  costs  nothing) — if  cleansed,  what 
becomes  of  the  water  used  for  the  cleansing?  Is  it 
turned  into  the  tanks  s^in,  and  a  circumlocution 
process  continued  ad  infinitum  ?  Or,  as  isimost  probable, 
16  it  nm  direct  into  the  effluent  channel  or  stream  ? 

The  filters  need  only  have  an  average  depth  of  about 
2  ft.,  and  so  in  many  instances  where  "fall"  is  limited 
the  expenses  of  pumping  can  be  saved. 

As  regards  first  and  annual  cost  the  Carbonized  Refuse 
System  is  less  than  that  of  any  and  every  other  system. 
At  Baildon  the  total  cost  of  the  works  (exclusive  of  the 
site)  for  a  population  of  5,000,  was  under  1,600/,, 
whilst  the  annual  cost  is  the  wages  of  one  man,  who  has 
only  to  put  in  about  half  his  time. 

Seeing  that  the  material  we  use  costs  less  than  nothing— 
and  this  is  not  a  paradox  because  we  utilise  what 
otherwise  costs  money  to  dispose  of — there  is  no  necessity 
to  use  it  sparingly,  whereas  if  a  chemical  precipitant  is 
used,  or  anything  costing  money,  there  is  always  a 
temptation  to  economise,  to  use  less  when  nobody  is 
expected  to  examine  the  effluent,  and  to  use  more  than 
could  be  afforded  when  the  inspector  is  insi)ecting  or  a 
"  show  "  is  being  made. 

The  Carbonized  Refuse  System  has  been  at  work  at 
Baildon  night  and  day  since  1893,  and  has  continuously 
produced  a  satisfactory  effluent. 

Attention  is  directed  to  the  analysis  and  testi- 
monials as  per  following  pages. 

I  have  confined  my  remarks  to  what  may  be  called  the 
practical  and  economical  features  of  the  system,  and, 
these  being  assured,  the  financial  advantages  follow  as  a 
matter  of  course. 

What  has  been  and  is  being  done  at  Baildon  can  be 
repeated  ad  itijinitum — that  there  is  money  in  the  scheme 
goes  without  saying,  and  as  an  indication  of  the  possi- 
bilities I  may  say  that  we  entered  into  an  agreement 
with  the  Baildon  Local  Board  to  "  run  the  works  "  for 
80^.  a  year,  we  paid  a  man  1/.  a  week  (and  he  was 
unemployed  half  his  time)  so  we  made  30/.  profit  on  50/. 
The  Local  Board,  however,  soon,  after  nine  months 
working,  terminated  that  arrangement  by  "  running  the 
works    themselves. 

Baildon  is  the  only  place  where  the  system  is  iu 
operation,  because  of  the  cast-iron  rule  of  the  Local 
Government  Board  requiring  all  effluents  to  be  passed 
through  land  before  being  finally  discharged  into  the 
rivers,  whereas  by  pur  process  land  filtration  is  not 
needed,  local  authorities  are  not  prepared  to  adopt  dual 
systems,  and  as  they  must  have  tne  land  process  they  do 
not  need  ours. 


Analysis  of  Sewage  and  Effluent  by  Dr.  Frankland, 
Analyst  to  the  Local  Government  Boanl. 


In  Parts  per  100,000. 


Effluent 


In  Suspension : 

Mmei-al  Matter   - 

Organic       „        -        -        - 
In  Solution : 

Total  Solids,  in  Solution 

Organic  Carbon    - 
„        Nitrogen 

Ammonia     -        - 

Nitrogen  as  nitrites  &  nitrates 

Total  Combined  Nitrogen    - 

Chlorine        -        -        .        . 


30-00 
14-72 

71-30 
3-625 
•943 
8-20 

7-696 
12-2 


165-00 
1-341 
-427 
•65 
1-364 
2-326 
7-2 


MIXLTES  OF   EVIDENCE. 
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The  excess  of  solids  in  solution  in  the  effluent  over 
that  found  in  the  sewage  is  owing  to  its  having  dissolved 
out  soluble  portions  of  the  filtering  media,  but  this  is 
of  no  hygienic  consequence  so  long  as  the  filtering 
medium  (the  town's  reiuse)  is  perfectly  carbonized. 

Irrigation  does  not  change  tne  amoimt  of  chlorine. 

Note. — The  sewage*  sample  was  taken  from  the  out- 
fall of  the  Halifax  Corporation,  at  the  entrance  tc*, 
and  the  effluent  at  the  exit  from,  the  filter  bed  con- 
structed tj  the  order  of  Messrs.  Jagger.  They  were 
taken  by  order  of  Colonel  Ducat  K.E.71nspector  of  the 
Local  Government  Boeird,  who  held  the  "enquiry"  at 
Baildon,  by  the  employees  of  the  Halifax  Corporation  in 
the  presence  of  Mr.  J.  H.  Ward,  Clerk  to  the  Baildon 
Local  Board,  and  Mr.  H.  B.  Jagger. 


A>'ALYsis  of  Sewage  and  Effluent  taken  at  the  Sewage 
Purification  Works  (Carbonized  Refuse  System),  be- 
longing to  the  Baildon  Local  Board,  by  J.  T.  Ainslie 
Walker,  Esq.,  F.C.S. 


Tn  Parts  per  100,000. 

Sewage. 

Effluent. 

Total  Solids,  (in  Suspension  and  Solu- 
tion) 

Mineral  Matter   .... 

Oiganic        »        -        -        •        ■ 
In  Solution : 

Albuminoid  Ammonia 

Free                  „          -       -       . 

Chlorine 

Alkalinity 

216-00 
116-00 

7-40 

3-40 

4-97 

29-70 

102-80 
18-40 

0-18 

2-9(1 

9-94 

19-80 

The  filters  have  worked  admirably  from  the  beginning, 
and  after  a  week's  use  are  as  fresh  as  ever  when  a  skin- 
ning of  carbon  powder  has  been  taken  off  the  top,  and  re- 
newed. The  effluent  is  always  clear,  sparkling,  and 
odourless,  however  dense  the  sewage. 

The  carbonizer  has  not  been  out  since  it  was  lit,  being 
kept  smouldering  with  ashpit  refuse  and  producing  suffi- 
cient carbon  for  the  filters,  and  at  the  same  time  disposing 
of  the  surplus  refuse. 

The  more  we  see  of  it  the  more  we  are  convinced  that 
the  system  should  be  universally  adopted  on  account  of 
the  small  cost  and  not  requiring  a  large  area  of  land. 

Yours  truly, 

(Signed)       J.  H.  Ward* 

Clerk. 

Further  letter  from  the  Baildon  Local  Board  of  Health 

November  16th,  1894. 

The  Carbonized  Refuse  System  of  Sewage  Disposal 
has  now  been  working  here  for  the  last  20  months  and 
still  gives  entire  satisfaction. 

The  effluent  is  as  gcxxi  to-day  as  it  was  the  first  week 
of  trial. 

My  Board  intend  to  lay  a  sewer  to  another  hamlet  in 
the  township  and  bring  the  same  into  connection  with 
the  outfall  works  referred  to. 

I  am  to  say  that  in  the  opinion  of  this  Board  Messrs. 
.Tagger's  process  solves  the  two  most  important  problems 
for  Sanitary  Authorities :  viz. : — Disposal  ot  Ashpit 
Refuse  and  Sewage  Purification,  at  a  very  low  cost. 

Yours  truly, 

(Signed)       J.  H.  Ward, 

Clerk. 


Mr.  B,  Ji. 
Jagger. 

20  June 
1900. 


Analysis  of  Carbon  Powder,  the  material  forming  th 
top  layer  of  the  Filter  Beds  at  Baildon,  and  obtained 
by  Carbonizing  the  Town's  (Ashpit)  Refuse,  by  J.  T. 
Ainslie  Walker,  Esq.,  F.C.S. 


In  Parts  per  100,000. 


Effluent. 


Carbon-       -       -        - 
Oxide  of  Iron  Alumina 
Carbonate  of  lime 
Phosphate  of    „  -        - 

Carbonate  of  Magnesia 
Alkaline  Salts 
Insoluble  Matter,  Sand,  etc. 
Moisture 


12-50 

15-52 

10-60 

3-00 

3-14 

3-00 

47-70 

4-71 


100-17 


It  will  be  obvious  that  the  above  material  must  be  far 
superior  to  any  soil  on  any  sewage  farm  anywhere. 

Filters  composed  of  it  make  practically  a  system  of 
artificial  land  filtration  capable  of  constant  renewal 
(which  you  cannot  do  with  real  land),  and  which  will 
work  in  all  sorts  of  weather,  frost  and  rain  included,  and 
this  cannot  be  claimed  for  irrigation  areas. 

Further  Analysis  by  the  aforesaid  J.  T.  Ainslie 

Walker,  Esq. 

"  The  results  of  ray  Analysis  of  the  sealed  samples  of 
Baildon  sewage  and  effluent  received  from  Mr.  Heap 
on  the  4th  instant,  are  entirely  satisfactory." 
**As  you  will  observe,  the  purification  effected  b 
"  your  excellent  medium,  in  the  case  of  the  albuminoid 
ammonia,  is  60*15  i)er  cent." 


*( 


fc( 


«( 


Analysis  by  W.   Naylor,  Esq.,  F.C.S.,  A.M.I.CE., 
Inspector  to  the  Ribble  Joint  Committee.^ 

"  As  promised,  I  enclose  you  the  estimations  of  albu- 
*'  minoid  ammonia  in  the  samples  I  took  at  Baildon  on 
"  the  l7Ui  January  1894,  which  are  as  follows  :— 

"  Parts  per  100,000— 
"  Raw  Sewage    -345. 
"  Tank  Effluent  -330. 
"  Filter  Bed  do.  150. 

This  shows  a  removal  of  over  62   per  cent. 

Letter  from  Baildon  Local  Board  of  Health. 

September  22nd,  1893. 
With  reference  to  your  enquiry  as  to  how  the  Board 
find  your  system  of  sewage  purification  to  work,  I  am 
directed  to  state  that  the  plant  as  arranged  by  your 
engineers  leaves  nothing  to  oe  desired. 

1213. 


Further  letter  from  Baildon  Urban  District  Council, 

January  4th,  1897. 

The  Chairman  has  handed  me  your  letter  to  him  of 
the  25th  November  last  at  your  request.  I  am  desired 
by  the  Council  to  state  on  their  behalf  that  the  works 
constructed  Z\  years  ago  for  the  disposal  of  Ashpit  Re- 
fuse and  Domes'tic  Sewage  Purification,  have  given  entire 
satisfaction  and  is  worked  at  little  cost. 

Yours  faithfully, 

(Signed)       H.  R.  Huggins, 

Clerk. 

4980.  (O^airifum.)  You  are  Mr.  Jagger? — Yes,  my 
Lord. 

4981.  And  you  represent  the  Carbonised  itefu;.d 
System  of  Sewage  Purification  ?— Yes,  one  of  tuo 
patentees;  in  fact,  the  only  one  now,  because  xny 
father  has  died  since  the  patent — ^well  two  years  ago — 
since  the  patent  was  taken  out. 

4962.  The  Commission  are  very  much  obliged  to  you 
for  your  statement,  which  we  have  all  read  with  interest 
and  which  will  be  placed  upon  our  minutes.  We  do 
not  propose  to  ask  you  much  now  because  we  und^'^r- 
stand  that  you  invite  us  to  examine  for  ourselves  lae 
results  of  your  lystem  1^-Yes,  at  Baildon. 

4983.  Yes,  we  shall  be  very  happy  to  do  so ;  where 
did  you  say  you  would  like  us  to  examine  them  % — ^At 
Baildon,  near  Bradford.  « 

4984.  (fiolond  Harding.)  Your  process  is  one  of 
mechanical  filtration  of  the  solids  in  suspension  so  9^ 
to  keep  such  solids  on  the  surface  of  their  own 
materiu  7— That  is  so. 

4966.  Then  do  you  susgest  that  it  is  praoticable  en  a 
large  scale — say  with  filters  of  20  acres  area — ^to  t&ko 
out  the  material  and  to  burn  it  afresh  and  to  restore 
it  so  as  to  go  on  working  ?— That  is  our  experience.  T)  o 
works  at  Baildon  have  been  working  since  1892  I  tfair... 
it  is  now,  and  they  have  carbonised  and  re-carbonised 
the  material  time  after  time.  I  was  over  there  at 
Christmas  last,  and  I  believe  only  two  or  three  of  the 
filters  have  had  to  be  re-laid.  I  should  like  to  exph.in 
a  little  further. 

4986.  Just  answer  my  questions ;  I  do  not  think  the 
Chairman  would  desire  you  to  go  over  the  ground 
again ;  your  answer  is  that  it  is  practicable  on  a  large 
scale?-— It  is  practicable,  yes. 

4967.  To  re-bum  the  material  and  use  it  again  ?— To 
re-bum  the  material  and  use  it  again,  only  it  is  not 
necessary  to  do  so  because  it  can  be  used  for  manurial 
purposes,  because  we  are  always  having  a  supply 
coming    forward  wherever  there   are   people    making 
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sewage.  Our  contention  is  this,  that  wherever  there 
are  people  making  sewage  that  requires  to  be  purified, 
those  same  people  are  making  the  refuse  which  we 
carbonise  to  do  it  with. 

4988.  Your  system  is  only  at  work  at  Baildon? — We 
have  had  it  adopted  by  many  other  Local  Authorities, 
but  the  Local  Government  Board  have  stood  in  i^e  way 
of  it;  they  insist  upon  having  an  acre  of  land  for 
every  thousand  population,  whereas  we  only  require 
an  acre  of  land  for  every  20,000,  and  of  course  if  they 
insist  upon  the  land  being  obtained  they  do  not  want 
our  filters. 

4989.  {Major  General  Carey.)  You  know  that  the 
District  Council  have  been  informed  by  the  Local 
Government  Board  that  the  effluent  was  not  satis- 
factory according  to  the  analysis  of  their  own 
analyst?-— I  was  informed  of  that,  but  it  was  on 
account  of  carelessness  in  management ;  it  was  not  on 
account  of  the  system.  After  it  had  been  working  five 
years  we  had  a  letter  from  the  District  Council  inform- 
insj  us  that  it  was  working  entirely  satisfactorily. 

4990.  (Chairman.)  I  do  not  know  that  we  have  any- 
thing more  to  ask ;  I  do  not  know  that  there  is  any- 
thing more  that  you  would  wish  to  say  ? — ^There  is  one 
little  matter  which  I  should  like  to  explain,  perhaps ; 
it  ought  to  have  been  added  to  my  statement.  I 
thought  I  should  have  had  an  opportunity  of  giving 
fur^er  evidence  than  what  I  have  already  sent  in, 
because  this  was  done  rather  hurriedly  ;  and  it  is  this, 
that  we  have  since  ascertained — since  the  patents  were 
taken  out,  we  claim  that  by  converting  the  animal  and 
vegetable  matter  in  the  town's  refuse  and  carbonising 
it  and  converting  it  into  charcoal,  that  it  was  that 
entirely  that  did  the  work,  but  we  found  after  a  period 
of  rest  tiiat  ^e  filters  regained  their  efficiency,  but 
that  was  not  tiie  result  of  recarbonising,  it  was  the 
result  of  aeration,  and  since  then,  of  course,  the 
bacterial  process  has  come  very  largely  to  the  front, 
and  I  have  examined  that  very  minutely,  and  I  think 
ti^at  the  construction  of  their  filters  is  exactly  the 
same  as  our  own,  and  that  the  material  that  we  use  is 
practically  the  same  as  the  material  that  they  use. 
They  merely  use  material  for  aerating  purposes,  and  we 
get  it  out  of  the  town's  refuse,  so  that  it  has  occurred 
to  us  now  that  after  all  it  may  not  be  purely  the 
carbon.  The  carbon  does  the  decolourising  certainly, 
because  at  Halifax  we  had  there  sewage  highly  charged 
with  dyed  waters  and  we  have  brought  them  out 
perfectly  clear,  but  it  seems  to  me  that  our  filters  are 
practically  the  bacterial  system  as  well. 

499L  (ProfessorBamsay.)  Do  you  not  find  disintegra- 
tion in  your  filters? — Only  during  the  first  six  months, 
and  then  they  get  perfectly  settled.  When  they  get 
perfectly  settled  we  have  nothing  whatever  to  do  except 
just  to  scrape  the  top  off  which  contains  the  impurities 
left  after  the  preliminary  screening,  and  then  if  they 
are  left  to  aerate  we  have  them  scratched  up  with  the 
rake,  and  as  much  relaid  as  we  take  off,  and  the  filters 
are  practically  new,  and  that  is  our  experience  in  long 
working. 

4962.  (Major-General  Carey.)  How  long  do  you  rest 
the  filter? — ^Well,  we  did  give  them  three  days'  working 
and  about  a  day  and  a  half  to  two  days'  rest,  but  we 
give  them  as  much  rest  as  the  sewage  will  allow  us. 


A995.(rrof'essor  Bamsay.)  But  when  this  re-making 
and  raking  takes  place  how  long  rest  do  you  give  then? 
— ^About  a  day  and  a  half. 

4994.  (Major-General  Carey.)  What  do  you  do  when 
che  filter  you  have  been  working  is  at  rest?  You  have 
not  so  large  an  area  of  filters  as  to  use  others,  have  yea  7 
— Well,  we  filter  at  the  rate  taking  lliree  days  of  12  gal- 
lons per  yard  per  hour,  so  that  it  is  only  a  matter  of 
calculation.  At  Baildon  they  have  ample  'filters  there 
where  they  have  only  eight  filter  beds.  Yes,  it  is  12 
gallons  per  yard  per  hour,  and  each  filter  has  about 
100  supeificial  area,  so  that  for  3,000,000  gallons  we 
should  require  36  filters.    That  would  be  an  acre. 

4996.  (Professor  Bamsay.)  And  the  depth  of  the 
filter?— The  depth  of  the  filter  average  2  feet — the  depth 
of  the  filtering  material. 

4696.  That  is  what  I  mean? — ^I  tliink  I  can  give  you 
the  exact  figures. 

4997.  Then,  if  I  understand  rightly,  yuu  never  recal- 
cine  the  whole  of  a  filter  at  once? — Xo,  we  have  never 
had  the  necessity  to  do  so,  because  at  Baildon  the  far- 
mers will  cart  it  all  away,  and  will  give  2s.  6d.  a  load 
for  it,  60  there  is  no  necessity  to  carbonise,  because  to 
carbonise  it  is  to  destroy  the  manuiial  properties,  whidi 
is  not  what  under  those  circumstances  we  deeire  to  do. 
There  is  plenty  of  refuse  at  the  farms  coming  down  yuu 
hare  to  dispose  of.  We.  take  it  and  dispose  of  it.  I 
think  I  fully  explained  in  my  evidence  we  have  a  con- 
tract with  the  Baildon  Local  Board,  it  was  then,  by 
which  it  was  arranged  that  we  should  do  it  for  £80  a 
year.  Well,  we  had  not  full  employment  for  one  man, 
md  at  tlie  end  of  six  months  they  cancelled  that  agrc'e- 
aieub  and  did  it  themselves.  We  were  making  ^0  a 
/ear  out  of  it,  and  we  gave  the  scrapings  from  the  filter 
beds  as  manure  to  the  farmers,  but  I  understand  the 
Baildon  District  Council  are  able  to  dispose  of  it.  I 
had  a  letter  to  that  effect  some  years  back  now — at 
2s.  6d.  a  load.  The  construction  of  the  filter  beds  is 
as  follows  :  There  is  2  inches  of  clinker  and  large  cinders 
left  after  the  third  riddling.  Then  we  have  3  inches 
which  has  passed  through  a  three-quarter  inch  mesh, 
3  inches  that  has  passed  through  a  three-eighths  mesh, 
and  4  inches  on  the  surface — 4  to  6  inches.  We  lay  six 
to  allow  for  settling,  but  we  aUow  an  average  of  4  inches 
of  the  carbonised  powder.  That  is  everything. 
We  pass  it  through  a  three-sixteenths  riddle, 
and  then  we  have  head  of  sewage  6  inches  on  top  of  that, 
and  then  we  have  a  fall  of  6  inches,  so  that  at  the  top 
end  the  filter  is  18  inches  deep  and  at  the  bottom  2  feet 
deep. 

4998.  Does  it  not  require  a  great  preliminary  screen- 
ing? Do  you  not  find  the  top  of  the  filter  block  pretty 
freely,  it  is  so  fine? — ^Xo,  but  at  first  it  runs  through 
rather  too  freely,  that  is  why  we  lay  6  inches  at  the  top. 
It  must  not  pass  too  freely.  If  it  passes  too  freely  it  ha« 
not  time  to  get  filtered.  We  took  very  careful  gauginc: 
of  the  flow,  and  the  average  works  out  exactly  at  12  gal- 
lons per  yard  per  hour  the  superficial  yard  onthree  days' 
working.  Of  course,  it  passed  at  about  three  times  that 
speed  the  first  day,  about  half  that  the  second  day,  and 
about  half  that  again  the  third  day,  because  the  iiu- 
imrities  settling  on  the  surface  form  a  dcin  and  choke  it. 

(Chairman.)  Thank  you.  Then  I  do  not  think  we 
have  anything  else  to  ask. 


Mr.  Frederick  Wallis  Stoddart,  called  in ;  and  Examined. 


Mr.  F.  IK. 
stoddart. 


My  evidence  relates  entirely  to  the  so-called  filtration 
of  tank  effluent,  that  is  the  oxidation  of  the  dissolved 
constituents  of  sewage  from  which  the  bulk  of  the  sus- 
pended solid  matter  has  been  removed  by  accepted 
methods  of  tank  treatment. 

The  improved  means  of  effecting  this  change  may  be 
conveniently  divided  into  two  parts,  namely,  the  distri- 
butor, by  which  the  comminution  of  the  sewage  is  brought 
about,  and  the  modified  filter  by  which  the  sewage 
already  minutely  subdivided  is  exposed  in  the  thinnest 
possible  films  to  comparatively  large  volumes  of  air 
throughout  the  whole  depth  of  the  filtering  medium. 

The  distributor,  a  model  of  which  is  exhibited,  consists 
of  a  gutter-shaped  vessel,  provided  along  its  underside 
with  a  series  of  vertical  points.  The  tank  effluent  passes 
along  the  gutter,  ovei'flows  its  margins,  and  on  reaching 
the  nearest  point  drops  from  it  upon  the  surface  of  the 
filter. 

In  practice  the  distributors  are  formed  from  a  corru- 
gated sheet  of  special  design,  slots  being  i)unched  at  in- 


tervals to  allow  the  tank  effluent  to  reach  the  under  sur- 
face. 

This  form  of  distributor  requires  only  sufficient  head 
to  allow  the  tank  effluent  to  nnd  it«  way  to  the  under 
surface-  that  is  about  an  inch — and  is  i^erfectly  indiffe- 
rent t()  climatic  changes,  discharge  of  slud^  from  tlie 
tank,  and  like  accidents ;  and  has  never  been  interrupted 
in  its  action  from  any  cause  of  the  kind,  although  from 
reasons  connected  with  the  filter  it  is  well  to  keep  the 
distributor  fairly  free  from  deposited  solids. 

Having  no  moving  parts,  and  no  fine  apertures  there 
is  nothing  in  the  distributor  capable  of  being  disarranged, 
or  thrown  out  of  action. 

The  modifications  I  suggest  in  filter  construction  are 
three  in  number  and  are  intended  to  maint-ain  the  fine 
state  of  division  of  the  liquid,  and  to  obtain  the  maximum 
exposure  to  air. 

To  tliis  end  the  filtering  medium,  the  composition  of 
which  is  innnaterial,  is  of  so  coarse  a  grade — two  to  thn^o 
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inches — as  to  preclude  the  possibility  of  coalesence  of  the 
li<liud  adhering  to  adjacent  particles. 

Retaining  walls  are  dispensed  with  altogether,  there 
l>eing  no  bulk  of  liquid  to  nold  up ;  and  the  final  effluent 
is  allowed  to  drain  away  into  a  circular  collecting  channel 
outside  the  filter,  without  the  intervention  of  pipes  or 
channels  of  any  kind. 

By  the  combination  of  the  distributor  with  the  im- 
proved filter,  the  liquid  is  maintained  during  the  whole 
of  its  stay  in  the  filter  in  so  fine  a  state  of  smxii vision  as 
to  appear  merely  as  a  moistening  of  the  surfaces  of  the 
particles  of  medium,  and  the  conditions  therefore  are  ex- 
(^eedingly  favourable  to  oxidation,  whilst  there  is  no 
check  either  to  the  action  of  the  oxidising  microbes,  or 
to  theffree  supply  of  oxygen  such  as  is  inseparable  fronj 
the  mode  of  action  of  the  intermittent  filter. 

I  claim  that  a  filter  constructed  on  these  lines  and  six 
feet  in  depth  will  automatically  and  continuously  purify 
upwards  of  1,000  gallons  of  average  tank  effluent  per  day 
for  an  unlimited  time,  the  oxidation  being  suinciently 
thorough  to  render  subsequent  putrefactive  changes  im- 
possible. The  percentage  of  purification  calculated  from 
the  reduction  in  albuminoid  ammonia  or  in  oxygen 
absorbed  is  about  seventy  per  cent.,  the  proportion  of 
nitric  nitrogen  formed  is  about  two  to  three  parts  per 
100,000.  and  the  quantity  of  dissolved  oxygen  Ls  coti- 
siderabie. 

A  special  feature  of  this  filter  is  that  the  amount  of 
purification  is  directly  proportional  to  the  cubic  capacity, 
so  that  area  may  be  diminished  in  proportion  to  increased 
depth  where  much  fall  is  available. 

Practical  advantages  arising  out  of  the  special  con- 
struction are  marked  reduction  in  cost  of  erection  and 
in  labour,  and  the  ease  with  which  a  filter  may  be  ex- 
tended or  altered  in  dimensions. 

The  proofs  upon  which  I  rely  to  substantiate  my  claim 
as  to  the  efficiency  of  the  filter  are  of  three  kinds  : — a 
priori  considerations  arising  out  of  common  knowledge 
as  to  the  action  of  sewage  filters  generally,  the  results 
obtained  with  laboratory  apparatus^  and  those  obtained 
by  the  application  of  the  same  principles  on  the  working 
scale. 

It  has  been  generally  agreed  since  the  First  Report  of 
the  Royal  Commission  on  Rivers  Pollution  that  the 
sewage  filter  is  essentially  an  oxidising  instrument,  the 
source  of  the  required  oxygen  being  the  air.  If  this 
be  so  it  follows  that  the  intermittent  filter,  as  devised 
by  the  Royal  Commissioners,  and  still  more  the  type  in 
common  use  at  the  present  day,  must  be  more  or  less 
inefiicent  because  during  a  considerable  part  of  the  cycle 
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of  operations  the  liquid  to  be  oxidised  lies  in  bulk  and   J/r.  f.  w. 
by  no  means  in  intimate  contact  with  air.  stt*ddaH, 

It  was  this  consideration  which  led  me  to  the  con- 
struction of  a  continuous  filter  of  small  dimensions  by 
means  of  which  it  was  clearly  demonstrated  that  not 
only  is  a  great  waste  of  time  involved  in  pouring  lic[uid 
in  bulk  on  an  oxidising  filter,  but  that  the  oxidising 
microbes  are  greatly  debilitated  by  submergence  in  a 
fiuid  devoid  of  oxygen,  and  that  aeration  of  such 
portions  of  the  filter  as  may  not  be  waterlogged  is  much 
interfered  with  by  the  seal  formed  by  even  a  slight  layer 
of  liquid  in  any  part  of  the  filter. 

The  x)eriod  of  rest  insisted  upon  in  connection  with 
the  intermittent  filter  is  therefore  only  an  attempt  to 
remedy  the  mischief  caused  by  overdosing  the  filter  in 
the  preceding  stage. 

The  soundness  of  these  views  is  finally  proved  by  the 
success  that  has  attended  their  application  upon  a  larger 
scale. 

Experimental  filters  at  Horfield  have  been  running 
continuously  for  many  months,  one  in  particular  one 
s([uare  yard  in  area  having  been  at  work  without  inter- 
ruption since  October  6th,  1899.  Here  the  effluent  from 
a  precipitation  plant  is  treated,  but  owing  to  its  very 
exceptional  strength  the  quantity  has  to  be  reduced  in 
dry  weather  to  about  500  gallons  per  square  yard  daily. 

A  larger  filter — 30  square  yards  in  area — was  erected 
in  October  1899  to  deal  with  the  effluent  from  a  septic 
tank  into  which  the  sewage  of  Knowle,  a  suburb  of 
Bristol,  is  drained.  This  mter  has  been  running  ipiite 
continuously  since  January  30th,  with  uniform  success, 
though  occasionally  nearly  10,000  gallons  has  passed 
through  each  souare  yard  daily,  and  the  average  dry 
weather  flow  is  about  1,300  gallons  per  yard. 

As  to  cost  of  this  form  of  filter  whilst  of  course  the 
distributor  increases  the  expense  of  erection,  this  increase 
is  counterbalanced  by  the  simplification  in  construction 
and  especially  by  the  absence  of  walls  and  foundations, 
so  that  the  prime  cost  exceeds  by  little  if  at  all  that  of 
the  usual  type  of  intermittent  filter.  As  however  the 
improved  filter  does  five  times  the  work,  it  is  in  reality 
much  cheaper,  and  in  addition  to  this  saving  in  initial 
cost  there  is  to  be  considered  the  practical  abolition  of 
working  expenses. 

I  calculate,  therefore,  that  the  substitution  of  the 
continuous  for  the  intermittent  filter  represents  a  saving 
of  not  less  than  75  to  80  per  cent.,  ensures  the  produc- 
tion of  a  better  effluent  of  uniform  character,  and 
reduces  to  a  minimum  the  risk  of  stoppage  or  interrup- 
tion of  the  process  of  filtration. 
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4900.  (Chairman.)  Tou  are  Mr.  Wallis  Stoddart  9— 
Frederick  Wallis  Stoddart 

5000.  You  are  county  analyst? — City  analyst  for 
Bristol. 

5001.  Well,  we  are  much  obliged  to  you  for  the  state- 
ment which  TOU  have  given  us,  and  which  we  have  idl 
read,  and  it  shall  be  placed  upon  our  minutes.  I  do  not 
know  really  that  we  should  want  to  ask  you  very  much 
now,  because  I  suppose  you  would  invite  us  to  examine 
the  result  of  your  distributor? — ^I  should  like  to  do  so, 
my  Lord. 

5002.  And  where  would  you  like  us  to  examine  it? 
— ^The  most  complete  installation  at  the  present  time  is 
at  Knowle,  a  suburb  of  Bristol,  but  I  have  been  making 
some  alterations  there  in  one  or  two  directions — I  shall 
be  pleased  to  explain  them,  if  you  desire  it — and  it  will 
be  in  working  order  again  next  week,  but  any  time  after 
that  I  think  it  mi^ht  be  examined.  When  I  say  a  com- 
plete instaillation,  I  mean  including  both  tank  and  filter 
complete.  I  am  treating  the  sewage  of  the  suburb  com- 
pletely. I  think  that  will  be  the  most  suitable  place. 
There  is  also  an  experimental  filter  at  SallBbuiy. 

5003.  I  suppose  if  we  send  anyone  down  we  could 
always  get  at  it? — I  will  make  arrangements  that  they 
shall  do  so.  It  is  the  property  of  the  Corporation,  of 
course. 

5004.  {Professor  Bamsay,)  As  regards  the  separator, 
is  it  not  very  apt  to  choke?  It  is  a  set  of  gutters,  I 
understand,  with  holes  at  the  top  ? — ^May  I  show  you  tiie 
model  I  brought  with  me  for  the  purpose?  I  think  it 
would  be  better  than  anything  verbal. 

5005.  I  think  we  should  like  very  much  to  see  it  ? — 
The  tendency  to  choke  is  absolutely  fartal,  I  oonaider, 
to  any  kind  of  perforated  apparatus,  and,  therefore, 
after  waiting  some  years,  I  ditscarded  all  kinds  of  per- 
forated apparatus.  The  tank  effluent  of  sewage  does  not 
pass  through  any  kind  of  perforation ;  it  is  an  outside 
flow  all  the  time. 

5006.  But  does  this  part  not  clog  with  the 
deposit? — There  is  a  certain  amount  of  deposit  when 
brushed  out,  but  we  put  that  back  into  the  bed  at 
Knowle.  It  is  very  little.  That  need  only  be  done  at 
long  intervals,  and  it  is  only  the  suspended  matter  in 
the  tank  effluent,  which  is  very  small. 

5007.  You  do  not  think  that  solid  depositing  in  the 
gutter  forms  any  objection  ?— Not  in  the  least.  The 
gutter  might  be  absolutely  filled  with  solid  matter,  and 
it  ofcill  works  as  if  it  were  empty. 

5008.  Do  you  use  a  certain  number  of  distributors  like 
that,  or  are  they  made  continuous,  like  a  corrugated 
roof? — ^The  channels  are  made  a  number  altogether  in 
the  plate.  These  things  are  represented  in  the  actual 
working  plan,  by  castings,  which  are  bolted  together. 
Then  those  sections  are  complete ;  each  section  is  com- 
plete in  itself,  but  it  can  be  used  in  a  series  or  it  ma\ 
be  adapted  to  the  shape  of  the  filter-bed. 

5000.  Do  you  know  Colonel  Ducat's  apparatus? — ^I 
have  not  seen  it. 

5010.  You  know  the  plan  ?^Yes. 

5011.  Is  this  intended  as  a  filter  something  of  the 
kind  of  Colonel  Ducat's  ?— I  think  so.  As  I  understand 
it,  Colonel  Ducat's  filter  is  walled  in  br  drain  pipes. 

5012.  Yes?— That  does  not  affect  the  matter.  The 
drain  pipes  in  my  view  are  quite  unnecessary.  It  would 
be  an  open  filter  of  that  character. 

5013.  Perhaps  you  know  Whittaker's  filters  ?— I  think, 
again 

5014.  You  may  have  read  of  it?— Yes,  I  have  read 
of  it.    I  have  rather  avoided  seeing  any  of  these  things. 

5015.  My  point  is  really  to  understand  the  sort  of 
system  to  which  you  wish  to  apply  this  system.  It  is 
an  open  filter  ?— With  no  possible  liquid  in  it  at  alL 

5016.  Trickling  over  the  whole  time?^A  trickling 
over  oontinuooflly. 

5017.  Froni  top  to  bottom  ?^-Yea.  For  the  actual 
disappearance  is  such  that  all  you  see  in  the  filter,  if  you 


look  into  the  filter,  is  a  number  of  moistened  lumps  of 
clinker. 

5018.  Do  you  propose  to  give  the  sewage  a  septic 
treat nent  first  or  is  not  that  part  of  your  scheme?— A 
septic  treatment. 

5010.  In  a  septic  tank  ? — ^I  am  quite  clear  upon  this, 
that  it  is  not  profitable  to  throw  any  material  amount 
of  solid  matter  upon  any  kind  of  filter.  Solid  m«itter 
occurring  in  crude  sewage  is  far  more  easily  and  eco- 
nomically dealt  with  in  some  sort  of  tank,  and  I  do 
therefore  adopt  a  tank,  a  tank  process.  I  do  not  confine 
myself  to  a  septic  tank  or  precipitation  tanks,  or  what 
not. 

5020.  (Sir  Michael  Foster.)  You  appl^  your  distributor 
and  filter  to  several  previoua  preparations? — ^To  one  of 
several,  yes. 

5001.  You  would  apply  that  to  a  precipitation  process  / 
— I  am  doing  so  at  Horfield,  yes. 

5022.  {Mr.  Power.)  You  would  require  the  sewage  tu 
be  clarified  before  you  deal  with  it  ? — Yes,  I  tieat  what  is 
commonly  known  as  a  tank  effluent,  and  not  a  crude 
sewage. 

5023.  You  do  not  want  suspended  matter  in  it? — 1  do 
not  want  suspended  matter ;  nothing  else  matters  very 
much  except  so  far  as  the  strength  of  the  liquid  treated 
regulates  the  amount  you  can  pass  through  the  filter  in 
a  given  time.  I  brought  a  recent  analysis  just  bearing 
upon  that  points  This  filter  at  Horfield  dealing  with 
exceedingly  strong  tank  effluent  cannot  take  my  stock 
quantity  of  a  thousand  gallons  per  square  yard,  but  I 
liave  been  experimenting  thwe,  and  I  have  been  diminish- 
ing the  quantity  to  see  how  far  the  additional  purification 
becomes  manifest,  and  I  had  an  analysis  of  a  sample  of 
effluent  I  made  last  week.  It  might  interest  the  Com- 
mission. The  effluent  is  unnecessarily  good — altogether 
unnecessari^  good,  and  with  the  exception  of  some  sus- 
pended maUer  to  which  I  did  rather  wish  to  oaU  the 
attention  of  the  Commission — this  suspended  matter — 
may  I  put  that  before  you — ^there  is  a  certain  amount  of 
suspended  matter  at  the  bottom  of  the  sample — that  \» 
clinker,  and  is  very  silicious  in  character,  and  is  with  a 
little  trouble  to  be  entirely  coped  with  {Showing  sample.) 
That  is  some  of  the  same  matter  simply  dried  from  a 
sample.  {Showing,)  The  destructor  clinker  invariably 
usea  up  to  the  present  is  of  a  comparatively  soft  character 
owing,  no  doubt,  to  the  inclusion  of  a  good  deal  of 
vegetable  matter  in  the  city  refuse  before  it  is  bunied. 
Tl^t  breaks  down  a  little  ;  it  renders  the  sample  some- 
what unsightly,  but  does  not  in  any  way  affect  its  keepir.t^ 
powers  or  tendency'  to  putrefy. 

5024.  (Mr.  Power.)  Is  this  the  filtrate  ?— That  is  the 
filtrate.  That  solid  matter  in  the  battle  is  not  solid 
matter  originally  present  in  sewage  at  aU  ;  that  is  en- 
tirely derived  from  the  clinker. 

5025.  {Professor  Bamsay.)  The  filter  itself  ?— I  am 
probably  getting  over  it  by  the  adoption  of  a  harder 
clinker. 

50^6.  {Colonel  Hardingi.)  May  I  look  alt  this.  (JSx- 
»  mining  sample.)  Is  this  the  filtrate? — It  is  the  filtrate 
at  a  very  low  rate. 

5027.  Do  I  underatand  you  to  suggest  that  these  solids 
are  jiart  of  the  material  of  the  filter  ? — They  are  ;  they 
are  not  sewage  solids. 

5028.  What  are  they  ? — ^they  are  broken  down  clinker. 

5020.  {Sir  Michael  Foster.)  What  is  the  analysis  of 
them  specifically? — Of  the  solids? 

5030.  You  have  analysed  this? — Boughly,  a  great  deal 
of  silicon,  a  great  deal  of  carbon  left,  and  it  is  very  obWous- 
ly  derived  from  the  clinker.  Of  course,  the  particles  of 
clinker  are  naturally  coated  with  an  organic  growth,  and 
do  furnish  some  organic  matter.  There  is  an  enormous 
nitrification  in  that  sample  of  eight  parts  per  hun<lred 
thousand  of  nitric  nitrogen,  a  condition  which  is  quite  un- 
necessary to  reproduce  in  practice.  The  tank  effluent 
might  be  passed  at  double  that  rate,  and  still  pass. 

5031.  Is  the  sewage  that  you  speak  of  anything  like  the 
one  of  which  you  gave  an  analysis  in  jrour  statement 
containing  35  grains  per"^ gallon  of  ammonia? — ^That  is 
the  analysis  of  a  tank  effluent  and  filtrate,  only  it  is  a 
stronger  sewage  than  that. 
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ANALYSES  of  EFFLUENTS.— RESULTS 
in  parts  per  100,000. 


HORFIELE 

\  20th  May 

KNOWLE, 

19( 

16th  June 

19< 

X). 

lUte  of  Flow  per  day 
per  iqaare  yard. 

Sate  of  Flow  per  day 
per  acre. 

262 
1,200,000 

2.070 
10,000,000 

Tanlc. 

Filter. 

Tank.  . 

FUtAT 

Saline  Ammonia 
AlbomlDOld  Ammonia 

boon  at  80*  F. 
Nitrogen  as  nitrates 

anil  nitrites. 
Chlorine  as  chlorides 

1S-4S 

110   { 

7H)0 

None. 

1210 

1-00 

•28* 
•18t 
1-90 

7-92 

12-00 

600 

}    •" 

8-49 
None. 
10-40 

8-86 

•27 

1-70 

1-81 

10-20 

Appearance        and 
fxlour    - 

Very  tur- 
bid: strong 
sewage 
odour. 

Turbid, 
but  clears 
rapidly— 
no  odour. 

Very  tur- 
bid: strong 
sewage 
odour. 

Turbid, 
but  dears 
rapidly- 
slight 
earthy 
odour. 

PurilScmtion    on    Al- 
buminoid Ammonia. 

Purification     oxygen 
absorbed. 

>  :  ^ 

76* 
84t 
78 

}  : 

66 
60 

Including  sediment. 


t  Decanted. 


5032.  {Profeuor  Bamsay.)  The  free  ammonia  is  enor- 
mous in  amount? — ^This  is  enormous — no,  about  the 
same,  1*1  albuminoid. 

5033.  Is  it  owing  to  the  presence  of  urine  ? — ^Yes,  that 
is  due  to  the  fact  that  the  sewage  at  Horfield  is  largely 
produced  at  barracks,  and  we  get  an  enormous  quantity 
of  urine. 

5034.  {Sir  Michael  Foster),  How  much  carbon  ia  there 
in  the  precipitate  I — ^I  cannot  tell  you  how  much. 

5035.  (Mr.  KiUick,)  This  paper  that  you  hand  ia  with 
regard  to  the  sewage  at  Horfield  shows  the  oxygen  ab- 
sorbed I'OO,  albuminoid  ammonia  •28,  and  -18.  Do  you 
consider  that  a  satisfactory  effluent? — ^That  is  a  very 
satisfactozy  effluent. 

5036.  And  it  will  not  putrefy  afterwards? — ^It  will  not 
rputrefy  afterwards. 

5037.  Well,  you  see  the  standard  adopted  br  Sir  Henry 
Roacoe  is  for  the  oxygen  absorbed  1<3.  Tnis  is  much 
worse  ? — ^Yea 

5038.  Our  experience  is  that  this  will  putrefy? — Sub- 
ject to  correction,  I  do  not  think  it  would.  This  question 
of  limits  is,  of  course,  one  which  is  open  to  a  good  deal 
of  discussion.  I  think  if  that  effluent  was  produced  by 
sewage  at  enormous  strength,  three  or  four  times  the 
stren^h  of  ordinary  sewage,  that  although  there  was  a 
considerable  actual  residual  amount  of  organic  matter, 
it  is  unputrescible  oiganic  matter.  In  fact,  experience 
leads  me  to  suppose  that  just  as  in  the  septic  tank  opera- 
tion itself,  there  is  a  residue  which  is  incapable  of 
further  attack  by  the  organisms  under  one  definite  series 

-of  conditions.  What  I  mean  by  that  is  this,  that  in 
the  septic  tank,  howeyer  long  you  leaye  the  sewage  in  the 
septic  tank,  there  is  a  nitrogenous  organic  residue  which 
is  permanent,  and  it  seems  to  me  that  in  the  same  way 
the  changes,  which  are  quite  different  in  character  of 
course,  which  go  on  in  the  filter,  there  is  a  residue 
which  no  prolonged  treatment  will  dissipate.  And  for 
tliat  reason  I  think  a  proportionate  reduction  in  impurities 
rather  than  a  reduction  to  an  absolute  fixed  amount  is 
the  proper  kind  of  standard  to  adopt. 

5039.  (Mr.  Povjer.)  Haye  you  incubated  this  filtrate? 
— ^This  is  rather  a  recent  one.  I  had  that  incubated,  and 
at  the  room  temperature  both  in  full  bottles  and  partly 
filled  bottles,  simply  with  a  yiew  of  seeing  whether  naked 

•eye  changes  took  place,  and  it  has  remained  perfectly 
sweet  and  unaltered.  I  haye  not  taken  the  oxygen  ab- 
sorption before  and  after  t^e  test  which  is  adopted  in 
some  quarters. 

5040.  (Major-General  Carey.)  Do  you  filter  the  tank 
•effluent  passing  through  the  filter ?— Yes. 

5041.  Without  any  rest? — Without  any  rest. 

5042.  Day  by  day?— Day  by  day. 

5043.  And  a  thousand  gallons  per  yard  is  your  ayerac^e  ? 
-  —Yes,  a  thousand  gallons  per  yard  is  our  ayerage.'     Tliat 


is  under  the  mark  for  what  I  call  an  ayerage  tank  effluent    Mr.  F.  W, 
That  is  tank  effluent  ffiying  about  '5  parts  per  hundred    stoddart. 
thousand  of  albuminoid  ammonia,  but  the  other  half  oi     ^o^Jmie 
that  paper  I  put  in  was  an  attempt  to  show  that  by  old       igoo. 

sewage — ^the  effect  of  a  yery  much  larger  quajitil^  of      

ordinary  sewage,  but  owing  to  those  alterations  of  wnich 
I  was  speaking  just  now,  only  one  part  of  the  tank  is  in 
use,  a  part  of  the  capacity  of  about  12,000  gallons,  the 
daily  flow  being  aibout  30,000  gallons,  and  the  effect  of 
that  is  that  the  tank  effluent,  when  the  sample  was  taken 
last  week,  was  a  good  deaH  stronger  than  an  old  tank 
effluent  is  when  things  are  working  properly,  and  1  a^ii 
not  get  as  complete  a  purification  as  1  should  haye  liked, 
but  eyen  with  the  enormous  flow  of  oyer  2,000  gallons 
on  the  square  yard,  there  was  a  degree  of  purification 
whidi  almost  passea  muster.  I  do  not  wish  to  say  that 
these  things  are  quite  satisfactory',  because  I  do  not 
think  that  the  state  of  purification  is  sufiicient,  but  had 
the  tank  effluent  been  of  its  usual  character,  I  did  not 
know,  of  course,  until  1  made  an  analysis,  the  filtrate 
would  have  shown  a  reduction  in  the  oxygen  absorbed 
of  75  per  cent. 

5044.  {Professor  Bamsay.)  Might  I  ask  a  question  un- 
connected with  yoiur  process,  Mr.  Stoddart — ^from  a 
general  analytical  point  of  yiew  as  regards  your  opinion 
of  the  oxygen  absorbed  test  and  the  albuminoid  am- 
monia 7  When  do  you  think  they  reyeal  much  as  to  the 
real  character  of  an  effluent  ? — Beyeal  much  ? 

5045.  I  suppose  you  get  a  great  number  of  analyses 
to  do  ;  on  what  grounds  do  you  base  your  conclusions  ? — 
As  regards  the  satisfactory  character  of  an  effluent  ? 

5046.  Yes? — Oh,  on  the  proportionate  reduction.  In 
these  two  respects  I  do  include  that  as  haying  some 
yalue,  the  formation  of  nitrates,  and  to  some  extent  the 
amount  of  dissolyed  oxygen.  That  is  a  question  I  haye 
under  consideration  still.  On  seyeral  occasions  this 
effluent  has  giyen  dissolyed  oxygen  of  about  50  per  cent  of 
the  saturation  quantity,  which  is  pretty  good.  But  at 
present  my  standards  for  the  satisfactery  effluent  are 
reduction  of  the  organic  matter,  as  indicated  by  those  two 
determinations  on  the  crude  sewage,  redaction  in  the 
tank  effluent  in  the  crude  sewage  of  50  per  oent,  in  the 
filter  effluent  on  the  tank  effluent  of  75  per  cent.  As  re- 
gards the  nitrates,  I  think  some  standard  such  as  50  per 
cent,  of  the  tetal  nitrogen  remaining  in  the  effluent  in  the 
nitric  or  nitrous  form  should  be  insisted  upon.  I  think 
those  together  are  er  dence  that  the  reduction  in  or- 
ganic matter  is  not  a  matter  of  dilution,  but  is  truly 
the  result  of  oxidation. 

5047.  {Colonel  Harding.)  In  using  contiiraous  filters 
distribution  is,  of  course,  a  great  difficulty? — ^It  is  ihe 
difficulty. 

5048.  And  the  idea  is,  of  course,  to  run  the  sewage  in 
drops  equally  oyer  the  whole  area? — Yes. 

5049.  Now  with  your  distribution  you  suggest  that 
it  is  only  practicable  with  sewage  from  which  almost  all 
the  solids  haye  been  excluded  by  some  preyious  process  I 
— ^No,  sir,  I  am  afraid  that  is  not  a  fair  deduction  from 
what  I  said  just  now. 

5060.  Well,  will  you  tell  us  what  quantity  of  solids 
in  suspension  you  think  you  can  deal  with  by  your  dis- 
tributor ? — ^May  I  just  say  first,  sir,  that  the  question  of 
solids  in  suspension  is  a  matter  affecting  the  filter  much 
more  than  the  distributor.  It  does  not  affect  the  dis- 
tributor at  alL  The  distributor  may  be  completely  filled 
up,  and  has  on  seyeral  occasions  been  completely 
filled  up. 

5061.  We  will  talk  about  the  distributor  for  the 
moment ;  we  will  talk  about  the  filter  after.  With  how 
much  solids  in  suspension  can  this  distributor  practically 
deal  ?  Do  you  say  it  can  be  filled  up  without  interfering 
with  its  efficiency?  Do  you  not  say  that?— I  do  say 
that — yes. 

5062.  That  the  grooye  may  be  filled  without  inters 
faring  with  its  efficiency? — ^Precisely. 

5063.  Wliy  do  you  not  construct  them  in  that  way, 
then?  Why  do  you  not  haye  the  bottom  of  them  in 
flat  rectangular  shape  and  haye  the  slots  coming  to 
the  bottom,  because  dearly  -in  a  yery  short  time  that 
condition  will  come  to  pass  ^— No,  sir,  not  in  a  yery 
short  time,  as  far  as  my  experience  goes— certainly  not 
more  frequently  than  once  a  week.  The  channels  are 
continually  brushed  out  once  a  week.  I  should  like  to 
make  this  dear,  if  I  may,  that  the  presence  of  solid 
matter  in  the  distributor  does  not  in  the  least  degree 
affect  the  action  of  the  distributor  itself.  If  the  channels 
are  filled  with  solid  matter  the  tank  effluent  will  pass 
through  the  gauges  and  drops  into  the  filter  as  before, 
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but  the  fiolid  matter  begins  then  to  be  left  in  the  filter, 
of  course.  Although  the  extreme  coarse  filter  that  I 
uae  is  never  clogged  thereby,  no  doubt  the  oxidising 

5064.  Bo  I  understand  you  the  "V  shape  that  you 
give  to  these  distributor  troughs  is  for  the  purpose  of 
keeping  back  certain  solids  which  you  can  remove  once 
a  week  by  brushing  out  ? — ^It  was  not  designed  with  that 
idea  at  all,  sir  ?  The  intention  of  the  **  Y ''  shape  trough 
is  to  provide  a  sufficient  rigidity  to  avoid  collapsing 
under  the  weight  of  the  water.  It  could  not  be  done 
with  the  ordinary  corrugated  pat£em. 

5055.  You  said  you  did  not  want  those  solids  in  sus- 
pension to  come  ou  the  filter  and  there  was  much  good 
Deing  done  in  these  (troughs,  so  that  they  could  be  cleaned 
by  brushing  and  otherwise  at  the  end  of  the  week? — 
No,  sir,  I  did  not  mean  that  ouite.  I  think  the  place 
to  deal  with  these  solids  is  in  tne  tank,  not  in  ^e  filter 
or  distributor  at  all.  A  small  quantity  must  be  dealt 
with  there,  but  it  need  not  be  more  than  about  five 
parts  per  hundred  thousand  of  suspended  matter  in  the 
tank  effluent. 

5056.  We  come  to  this,  that  you  think  your  distri- 
butor is  suitable  for  dealing  with  sewage  co-ntaining  not 
more  than  five  parts  per  hundred  thousand  solid  matter 
in  suspension  ? — Precisely. 

5057.  By  what  previous  process  can  you  obtain  such 
reduction?    Have  you  a  septic  tank? — ^Yes. 

5058.  Can  you  in  the  case  of  a  septic  tank  get  an 
effluent  with  so  few  solids  in  suspension  as  five  parts  per 
hundred  thousand? — Oh,  yes. 

5059.  No  difficulty  with  that?— No  difficulty  at  all. 

5060.  You  are  dealing  with  domestic  sewage? 
Domestic  sewage. 

5061.  And  what  is  the  rate  of  flow  through  the  septic 
tank? — ^Up  to  the  time  of  commencing  these  alterations 
the  capacity  of  the  tank  was  just  over  20,000  gallons; 
the  daily  flow  was  about  40,000  or  45,000  gallons. 

5062.  And  even  in  that  case  you  had  not  more  than 
5  grains  per  100,000  in  suspension  coming  out? — Con- 
stantly we  have  got  that,  but  one  portion  of  the  tank  I 
had  to  adapt  myself  to  existing  circumstances  there ; 
one  portion  of  the  tank  waa  only  3  feet  deep,  and  on 
an  occasion  of  exceptional  rainfall  the  sediment  in  the 
shallow  part  of  the  tank  was  constantly  driven  forward. 
In  fact,  I  had  the  same  difficulty  at  Exeter.  I  had 
some  filters  there  in  action  for  some  months,  and  this 
is  quite  satisfactorily  avoided  by  providing  proper 
sludge  di«w:harge  and  preventing  the  accumulation  of 
sludge  in  the  septic  tank  beyond  a  certain  depth.  That 
is  what  I  have  done  at  present,  and  as  far  aa  I  can  see 
the  tanks  are  now  working  and  they  are  Ukely  to  work 
satisfactorily,  and  I  think  wiU  give*  me  a  tank  effluent 
not  containing  more  than  five  parts. 

5063.  You  suggest,  then,  this  system  of  troughs  is 
practicable  on  a  laiye  scale — say,  from  20  acres? — Oh, 
certainly;  no  question  about  it.  I  have  all  practical 
details  now. 

5064.  Tlie  characteristics  of  your  filtration  appear  to 
be  l^ese :  Coarse  material,  inexpensive  construction, 
(3onstruGtion  without  retaining  walk,  and  a  circular  drai; 
to  receive  the  effluent  ? — ^As  regards  the  filter,  yes. 

5065.  You  are  aware  that  that  has  been  done  by 
others  ? — ^Yes. 

5066.  Then  you  use  coarse  material  for  the  purpose  of 
securing  oxidation? — ^Yes,  securing  the  open  character 
of  the  filter. 

5067.  But  I  am  surprised  to  find  iliat  you  say— is  it  at 
Horfield  or  at  Bristol  ?— that  you  have  passed  10,000 
gallons  per  square  yard  daily  ?— Yes,  at  Knowle,  that  is. 
•fay  I  just  refer  to  my  proof  ? 

5068.  That  is  an  occasional  condition  ?— Oh,  quite. 

5060.  But  the  normal  condition,  you  say,  is  1,300  gal- 
lons per  yard  ? — ^1,300  gallons  per  yard,  yes. 

5070.  And  that  has  been  going  on  for  a  long  time  7 
That  was  going  on  from  late  in  December  until  a  few 
days  ago,  when  I  took  that  sample.  This  sample  was 
taken  on  the  15th  of  June,  when  half  the  filter  was  in 
action,  the  other  half  being  involved  in  the  changes  I 
have  just  been  referring  to. 

5071.  Are  we  to  take  it  that  this  filter  has  been  work- 
ing continuously  for  many  months  at  the  rate  of  1,300 
gallons  per  yard  ?-^Five  months,  at  least. 

5072.  And  what  is  the  percentage  of  purification 
o/btained,  measured  by  albuminoid  ammonia  or  by 
oxygen  absorbed  ? — From  65  to  75  per  cent. 


5073.  65  per  cent.  ? — ^From  65  to  75  per  cent,  reduc- 
tion upon  these  two  tests. 

5074.  Breduction  upon  what?  Upon  the  original 
sewage  or  what  went  on  ? — Oh,  no  ;  upon  tank  effluent. 

5075.  'What  is  the  speed  at  which  the  sewage  passea 
through  thid  coarse  bed  ? — it  takes  about  twenty  minutea 
to  pass  through  the  filter. 

5076.  What  is  the  depth  of  the  filter  ?— Six  feet.  All 
these  calculations  are  based  on  6  feet. 

5077.  How  coarse  is  the  material  ? — Up  to  the  present 
there  has  been  from  half-inch  to  three-quarters.  That  ia 
why  I  am  having  it  altered,  in  accordance  with  altered 
ideas,  to  very  much  coarser  material.  The  filter  is  now* 
being  filled  with  material  very  much  larger.  Eveiy- 
thing  that  will  pass  through  a  2-inch  screen  is  excluded. 

5078.  So  that  the  material  is  coarser? — Coarser 
material,  yes. 

5079.  Surely  the  sewage  would  pass  through  very 
much  quicker  than  20  minutes? — 'No,  not  applied  in- 
this  way.  Poured  directly  on  the  filter  it  is  a  matter 
of  seconds  and  purification  is  nil,  but  it  has  such  a  long 
course  to  take  m  passing  in  this  invisible  film,  indeed, 
over  these  particles  one  to  the  other. 

5080.  But  1,300  gallons  per  square  yard — that  is  a 
rush? — ^In  24  hours. 

5081.  It  is  a  torrent?— In  24  hours? 

5082.  Yes?— Well,  that  has  been  a  difficulty  with 
ereryone  with  whom  I  have  been  in  communication^, 
and  everyone  who  has  come  to  visit  the  fiters  has  ex- 
pressed astonishment  at  the  rate,  which  appears  to  be 
nothing  like  the  rate  you  mention.  On  measurement 
that  is  what  I  get.  I  can  convince  anybody  that  that  is 
the  amount  goin^  through.  It  is  not  a  rush,  I  can 
assure  you  ;  an  absolutely  invisible  movemenft  of  liquid 
at  that  rate.  As  soon  as  the  fluid  touches  ihe  clinker 
it  disappears.     So  far  from  being  a  rush  it  is 

5083.  It  disappeaiis  as  it  comes  into  the  interior?' 
Matters  can  be  arranged  so  that  you  can  see  some  inches 
below  the  surface.  It  disappears,  as  it  were,  altogether. 
Some  of  the  filters  I  have  inspection  holes  put  into  the 
side  80  that  you  can  look  into  the  filter,  and  although 
the  sewage  is  passing  through  at  this  rate — from  1,000^ 
gallons  and  upwards  on  the  square  yard — you  do  not 
see  any  running  liquid  at  all. 

5084.  {Profeisor  RaTnsay,)  Or   dripping — do    you    see 
any  dripping? — Or  dripping.      Unless  there  happens  to- 
be  an  exceptional  point  of  clinker,  now  and  again  you 
may  get  a  drip.    As  a  rule  there  is    nothing  visnlble 
within  that  clinker  filter  all  the  time. 

5085.  {Colond  Harding,)  Surely  1,300  gallons  per  yard 
must  drop  very  rapidly?-— It  drops  very  rapidly.  From 
the  points  of  liie  distributor  it  runs  in  a  little  stream. 

5066.  It  runs  equally  through  the  whole  ? — ^It  does  not 
drop. 

5087.  It  runs  then? — ^It  has  a  tremendous  distance 
to  come — at  least,  I  imagine  so. 

5088.  This  is  the  effluent  from  the  filter  at  Horfield  t 
— ^The  first  on  that  table. 

5089.  What  solids  in  suspension? — I  have  not  got  the- 
solids  in  suspension. 

5000.  About? — The  tank  effluent  is  merely  opalescent,, 
that  is  the  way  I  put  it. 

5061.  About? — I  should  think  five  "parts, 

5092.  How  many  parts  are  there  here? — ^I  do  not 
know.  That  is  entirely  different  in  character  from  any 
suspended  matter  we  put  on  the  filter. 

5093.  You  suggested  to  us  that  this  was  really  the- 
material  of  the  filter  coming  out? — Yes. 

5094.  In  this  flocculent  condition? — ^Yes,  that  is. 

5096.  Is  it  not  possible  that  matters  which  were  in  the- 
tank  effluent  in  solution  come  out  by  oxidation  into* 
suspenaon? — ^You  can  hardly  get  a  siliceous  matter  con- 
taining particles  of  carbon  from  anything  but  the  clinker, 
and  that  is  what  that  consists  of  very  largely. 

5096.  Have  you  an  analysis? — Yes. 

5097.  What  is  the  analysis  of  the  contents  of  this- 
little  tu'be? — That  is  very  largely  siliceous. 

5096.  What  are  the  proportions? — ^I  have  not  got 
the  proportions. 

5099.  How  much  organic  matter? — ^I  have  not  got 
any  analysis  of  these  elements.  Of  course  it  is  quite- 
easy    to   make,    but    it    collects  in  quantity,  and  it  is^ 
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^entirely  different  from  anything  that  could  be  produced 
Jn  sewage  at  alL 

5100.  Do  you  suggest  that  the  effluent  of  your  filter 
Jb  largely  affected  l^  ilie  material  of  which  it  is  com- 
posed ? — Ab  I  was  aaying  just  now,  I  attribute  it  to  the 
fact  that  in  house  refuse  there  is  a  large  quantity  of 
Tegetable  matter  burned  up  with  the  rest,  and  I  fancy 
that  these  kinds  of  sludge  are  produced  in  the  com- 
bustion and  that  this  does  affect  the  action  of  the  water. 
For  this  reason  I  am  trying  harder  clinker,  gas  works 

.elinker,  and,  in  fact,  I  am  looking  round  for  harder 
materials,  but  the  actual  loss  of  substance  is  so  small 
that  although  this  filter  at  Horfield  has  been  at  work 
continuously  since  six  months,  there  has  been  no  destruc- 
tion of  the  surface ;  it  has  maintained  its  lerel. 

5101.  Tou  do  not  think  any  important  part  of  this 
•  deposit  coming  out  of  your  filter  is  matter  which  has 
come  through,  eiibher  in  suspension  or  in  solution,  and 
which  is  irreducible  by  bacterial  acBon  or  other  forms 
of  reduction? — ^I  iMnk  not. 

5102.  (Sir  Michael  Foster.)  Although  you  have  not 
made  an  exact  analysis  of  it,  you  say  it  is  material  of 
the  filter?— It  is  material  whidi  could  not  be  produced 
from  sewage. 

5103.  {Professor  Bamsay.)  They  are  not  in  the 
effluent  ?-— They  are  not  in  the  tank  effluent.  The  pre- 
cipitation effluent  produced  at  Horfield  is  a  very  good 
one.  We  have  a  very  careful  man  in  charge  of  the 
works,  and  there  is  practically  nothing  which  will  settle 
out  in  a  short  time,  in  a  few  minutes  from  the  tank 
effluent  at  all,  it  is  so  finely  divided  matter  that  it  simply 
remains  opalescent.  That  settles  out,  you  see,  pretty 
quickly,  and  is  entirely  different  in  character ;  there  is 
practically  no  mineral  matter  in  the  suspended  matter  in 
the  tank  effluent  at  Horfield,  it  is  entirely  organic. 

5104.  (CoJoufl  Uardimj.)  Were  you  not  surprised  to 
find  all  this  solid  matter  coining  out  in  your  effluent? — 
I  was  surprised  and  annoyed,  because  we  should  much 
prefer  it  should  not  come  out,  but  beyond  the  injury  to 
the  appearance  of  the  effluent  there  is  really  nothing  to 
complain  of. 

5106.  It  is  not  putrescible? — ^It  is  not  putrescible  as 
far  as  my  experience  goes,  and  I  think  can  be  avoided 
altogether  by  the  use  of  a  harder  clinker.  No  doubt  I 
shall  be  able  to  prove  that  in  the  course  of  a  little  time. 
'The  selection  of  sufficiently  cheap  materials  to  be  had 
in  large  quantities  in  most  localities  is,  of  course,  rather 
a  difficult  matter. 

5106.  It  may  interest  you  to  know  that  with  Mr. 
Whittaker  8  filters  at  Accrington,  he  also  found  a  large 
quantity  of  solids  coming  out,  but  in  his  case  he 
attributes  the  solids  not  to  the  material  of  the  filter, 
but  the  matter  in  the  sewage  wliich  is  m  an  irreducible 
form  ? — ^Well,  sir,  all  I  can  say  on  that  is  that  I  think 
such  matters  should  not  come  forward  on  the  filter  at 
all.  The  bulk  of  them,  at  any  rate,  is  retained  or  should 
be  retained  in  the  tanks. 

5107.  {Sir  Mickad  Foster,)  Have  you  made  no  bac- 
terial examination  of  that  effluent ?---0f  this  effluent? 
Well,  sir,  only  on  one  or  two  occasions,  and  these  out- 
side examinations  involve  so  much  time  that  I  am  scarcely 
able  to  cope  with  them,  but,  rather,  to  my  surprise, 
there  has  on  each  occasion  been  a  considerable  redaction 
in  the  colonies  developed  on  a  gelatine  plate.  I  do  not 
know  why  there  should  be.  I  did  not  anticipate  that, 
because  I  encourage  bacterial  growth  as  much  as  I  can 
in  the  filter.  As  a  matter  of  fact,  26  per  cent,  on  each 
occasion  on  the  number  of  colonies  developable  in  the 
usual  time. 

6106.  Beduction  in  the  tank  effluent? — In  the  tank 
effluent* 

5109.  (Mr.  Potoer.)  Bacteria  of  all  sorts  without  dis- 
tinction of  kind? — Of  all  sorts,  yes. 

5110.  {Colonel  Harding,)  One  more  question :  have 
you  worked  your  filter  at  a  much  reduced  rate  ;  have  you 
tried  it  say  at  200  gallons  per  square  yard? — That  par- 
ticular effluent  was  produced  at  a  particularly  low  rate 
of  250  gallons  per  square  yard. 

5111.  I  thought  this  was  the  result  of  1,300  gallons  per 
:flquare  yard  ? — Xo  ;    it  is  Horfield  effluent. 


5112.  At  Horfield  they  work  at  a  greatly  lowered  rate  ?   jy r.  f.  w, 
— ^the  normal  quantity  for  that  strengiii  of  tank  effluent    Sioddart, 
is  500  gallons  per  square  yard,  because  that  tank  effluent     sojuoe 
is  of  at  least  double  strength.  May  I  repeat  that  to  make       1000. 

it  quite  clear?    A  tank  effluent  giving  about    *5   per      

100,000  albuminoid  ammonia  is  taken  as  a  standard.  Of 
that  tank  effluent  the  filter  will  satisfactorily  treat  1,000 
gallons  per  square  yard.  This  tank  effluent  contains,  or, 
rather,  gave,  1*1  of  idbuminoid  ammonia  per  100,000. 
It  is,  therefore,  at  least  double  the  stock  strength,  and 
the  flow  accordingly  ha^  to  be  reduced  to  half  the  quan- 
tity. That  particular  sample  was  produced  as  I  ex- 
plained just  now,  by  reducing  the  quantity  to  one- 
fourth,  because  I  wanted  to  point  out  to  the  dommission 
;  hat  tiiis  filter  is  really  an  instrument  of  precision  :  given 
the  depth  of  the  filter,  the  strength  of  your  tank  effluent, 
you  could  say  how  much  of  that  tank  effluent  you  could 
bring  to  a  required  standard,  and  that  is  brought  inside 
any  standard  which  could  be  insisted  upon,  and  Uie  flow 
is  stated  on  the  label  of  the  bottle  tvt  lOi  gallons  per 
hour,  that  is,  262  in  the  twenty-four  hours;  but,  then, 
the  nitric  nitrogen  there  is  8  parts  per  100,000,  and  is 
very  largely  in  excess  of  what  is  necessary  to  produce 
a  stable  effluent. 

5113.  Could  you  not  now  settle  that  matter,  whether 
these  particles  coming  out  in  the  filtrate  are  washed  away 
from  the  material  or  not.  Tou  could  very  easily  try  an 
experiment  of  your  filters  over  a  six-foot  area  ;  you  might 
try  an  experiment  of  a  square  yard  area  with  a  material 
which  would  not  be  likely  to  break  down,  as,  for  instance, 
carefully  washed  broken  bricks  or  something  of  that  kind, 
and  settle  that'  matter  once  for  all,  because  it  is  rather 
a  vital  point,  is  it  not,  in  connection  with  your  work  to 
know  whether  in  the  course  of  filtration  there  are  certain 
matters  which  are  not  reducible,  and  which  must  either 
coime  out  or  choke  the  filter? — Oh,  ves,  I  quite  appreciate 
that. 

5114.  It  would  be  useful  to  you  and  others  to  investi- 
gate that  point  ?— ^I  am  obliged  to  you  for  the  suggestion. 
That  is  precisely  what  I  am  doing  at  the  present  moment 

{Professor  RatMay,)  I  am  just  reminded  Horfield  is  a 
barracks,  and  they  get  very  much  the  same  sort  of  sewage 
as  they  do  at  Alderdiot,  exceedingly  concentnited  at 
certain  hours  of  the  day. 

{Colond  Harding.)  It  is  domestic  sewage. 

5115.  {Professor  Bamnsay.)  There  is  no  manufacturers' 
refuse  in  it  ? — There  is  no  manufacturing  refuse  in  it. 

5116.  {Major-General  Carey.)  In  designing  a  filter  to 
be  worked  by  your  process  do  you  provide  a  filter  area  at 
the  rate  of  1,300  gallons  per  square  yard,  and  reduce  it,  if 
necessary,  atfterwards,  if  the  sewage  is  too  strong  T-^-I 
should  endeavour  to  ascertain  the  character  of  the  sewage 
at  a  given  place  before  I  put  up  the  iiilter.  I  should  take 
the  strongest  sewage  and  measure  the  quantity ;  if  tha 
strongest  sewage  represented  my  stock  quality  I  should 
then  put  up  4£e  filter  at  the  rate  of  1,000  gallons  per 
square  yard.  If  the  strongest  sewage  was  stronger  than 
that  I  should  give  an  additional  area  in  proportion  ;.  if  it 
was  weaker  I  would  take  a  smaller  area. 

5117.  {Mr.  Power.)  Do  you  take  the  average  strength 
of  the  sewage  or  its  maximum*  strength? — I  think  the 
proper  course  is  to  take  the  maximum  strength  and  reduce. 
I  know  it  will  take  an  increased  quantity  of  weaker 
sewage  per  week  in  solution,  but  the  difficulty  to  meet 
is  to  purify  the  maximum  quantity  of  stron^eet  sewage 
in  any  place.  I  have  a  sketch  of  {he  way  in  which  I 
should  propose  to  put  up  a  tank  and  filter,  calculated 
at  one  million  gallons  per  day,  three-fourths  of  an  acre, 
and  the  filter  could  'l)e  arranged  round  the  tank. 

{Chairman.)  Then  I  do  not  think  we  need  keep  you  any 
loiter. 

5118.  {Dr.  BusseU.)  How  do  you  clean  your  gutters? — 
We  llave  a  special  brush  made  which  takes  the  whole  of 
our  plate.  That  as  only  a  few  seconds.  The  sewage  is 
turned  off  and  the  brush  passed  all  along  the  whole  plate, 
including  eleven  of  these  gutters.  What  deposit  there 
is  swept  off  in  the  sump  and  it  is  taken  away.  There 
is  a3so  a  certain  amount  of  solid  matter  which  wHl  have  to 

'  be  dealt  T»^ith  from  the  tank,  and  this  would  go  with  it. 
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The  R££V£s  System  of  Sewage  Disposal. 

Inteoductoey. 

The  Reeves  methods  ol  sewage  disposal  hare  been 
applied  to  out-fali  treatment  alone,  and  aQdo  to  the 
treatment  of  sewage  in  tranait  adone^  and  t^he  particulars 
of  these  applications  about  to  be  submitted  wiH  de- 
monstrate the  practical  advantages  of  these  methods 
when  so  applied,  but  the  fundamental  principle  under- 
lying the  Keeves  sjrstem  of  sewage  disposal  in  its  com- 
plete application,  is  that  sewage  shonld  travel  to  the 
outrfall  under  such  conditions  that  the  air  in  the  sewers 
widl  be  prevented  from  beooming  impure,  not  only  under 
^oee  atmospheric  influences  when  natural  ventilation 
may  'be  sufficient  to  permit  of  this,  but  also  under  those 
atmospheric  dhanges  when  natural  ventilation  becomes 
impossible. 

iby  the  operation  of  this  principle  it  is  obvious  that 
the  complete  protection  of  the  public  health  is  secured, 
so  far  as  it  at  present  suffers  from  the  transit  ol  sewage  ; 
that  all  nuisance  in  connection  with  the  transit  of  the 
latter  is  i»e vented ;  and  that  it  arrives  at  the  out-fall 
in  a  condition  which  makes  its  treatment  and  disposal 
there  uniformly  and  comparatively  easy. 

The  Invention. 

When  the  Beeves  system  is  applied  in  its  complete 
form,  the  sewage  in  transit  is  first  dealt  with,  and  by 
means  of  an  apparatus  fixed  in  selected  manlholes 
throughout  the  sewerage  syst^n.  From  two  to  four 
sets  of  this  apparatus  are  required  lor  every  thousand 
of  the  population,  the  number  varying  wiUi  the  character 
of  the  sewage  and  the  gaseous  impurity  to  be  dealt  with. 

This  apparatue  consists  of  two  receiving  vessels ;  one 
to  oontain  a  special  preparation  of  soda  manganate, 
whicih  we  call  Beevozone,  and  the  other  sulphuric  acid ; 
a  drip  mixing  tray  where  the  manganic  liquid  and  the 
acid  meet,  giving  off,  chiefly^  oxygen  gas,  the  liquid 
at  the  same  time  becoming  a  permanganic  iUquid ;  cool- 
ing cylinders  placed  below  the  drip  mixing  tray,  which 
teoeive  and  cool  the  permanganic  fluid  trioMing  from 
the  latter ;  a  special  arrangement  of  pipes  and  delivery 
nozzles  carrying  the  necessarjr  water  supply,  which 
liquifies  tihe  chemicals  and  gives  the  apparatus  its 
automatic  action.  The  water  coming  in  at  a  pressure  is 
delivered  by  two  nozzles,  the  first,  or  higher  nozzle, 
being  placed  directly  over  the  manganate  in  the  receiver, 
and  the  second,  or  lower  nozzle,,  being  ailmost  directly 
over  the  cooling  cylinders.  The  lower  nozzle  produces 
a  very  fine  spray,  whicli  plays  upon  the  cooling 
cylinder,  picking  up  the  permanganic  liquid  as  it 
trickles  on  to  and  down  the  aides  of  uie  cooling  cylinders, 
and  beating  it  up  into  a  fine  mijsrt. 

The  manhole  shaft  is  thus  completely  filled'  at  all  times 
with  strongly  oxidising  gases  and  mist.  The  result  is 
that  when  tlie  air  currents  are  naturaHy  inwards,  the 
air  from  the  outside  passes  with  these  gases  and  mist 
dowa  into  the  sewer,  and  the  combination  oxidises  and 
purifies  the  sewer-air.  When  the  currents  are  out- 
wards, on  the  otiher  hand,  anv  gases  of  putrefaction  with 
which  the  sewer  air  may  be  charged  are  complet^y 
oxidised  and  purified  by  contact  with  the  same  gases 
and  mist  before  escaping  from  the  grating. 

The  water  supply  pipe  is  fitted  with  a  double  lock- 
ing water-^seal  to  protect  the  water-main  from  any  pos- 
sibility of  sewer-gae  contamination  by  back  pressure. 
The  wliole  arrangement  is  under  complete  control,  and 
is  put  in  motion,  or  stopped,  by  turning  the  water  supply 
tap,  by  whidh  also  the  diemical  power  may  be  regulated 
to  any  required  degree  of  strength. 

The  action  of  the  apparatus  being  independent  of 
atmospheric  conditions  (although  the  fmlest  use  is  made 
of  such  as  are  favourable  to  natural  ventilation)  is  avail- 
able even  under  those  atmospheric  conditions,  whesn 
natural  ventilation  must  come  to  a  standstill  altogether. 

The  purification  of  the  sewer-air  is  thus  insured  by 
the  treatment  of  sewage  in  transit,  as  described ;  but 
the  sewage  itself  is  also  affected  in  two  ways,  as  follows  : 
First  eo  far  as  the  permanganic  mist  is  not  spent  in 
purifying  the  gases  it  mixes  with  the  sewage  and  with 
anti-sep+ac  results  ;  second,  as  the  sewage  travels  through 
sewers  wliere  the  air  is  pure,  putrefaction  proceeds  less 
rapidly  than  it  would'  do  where  the  air  has  become 
polluted. 

When  the  sewa«re  arrives  at  the  out-fall,  should  any 
further  deodorieation  be  required,  this  is  effected  by 
the  use  of  proto-sulphate  of  iron,  applied  by  means 
of  a  special  liquefying  apparatus.  This  apparatus  con- 
sists of  a  receiver  fitted  with  a  water  supply,  the  action 


of  which  is  similar  to  that  of  th«  Beevozone  lique&er» 
The  sewage  then  flows  into  a  precipitating  tank,  some- 
times the  precipitants  are  added  to  the  sewage  as  the 
latter  flows  to  the  tank,  but  we  find  it  sometimes^ 
advantageous  to  add  the  precipitants  after  the  tank  has 
filed. 

We  find  it  is  necessary  to  vary  the  precipitating  treat- 
ment just  as  we  find  it  necessary  to  vary  the  deodorising, 
treatment. 

Generally  we  use  a  preparation  whicih  is  both  a  pre- 
cipitant and  a  deodorant,  and  which,  we  ihave  named 
"thamisin."  This,  in  the  fonn  of  a  t.>i^Alri«>i  cream,  is 
put  into  a  closed  vessel.  Pressure  is  brought  to  bear 
upon  the  surface  of  the  ''thamisin,"  which  is  ejected 
with  force  from  a  nozzle,  and'  played  upon  the  sur&ce 
of  the  sewage  in  tihe  tank.  Precipitation  takes  place 
immediately.  "Thamisin"  is  §,  preparation  of  tar  and 
lime  made  by  special  apparatus,  and  is  sometimes  mad>e 
and  used  in  the  form  of  a  thick  cream  as  mentioned 
above,  but  it  is  also  sometimes  first  made  into  blocks 
andl  afterwards  liquified  automatically^  and  used  in  the 
same  way  as  the  proto-sulphate  of  iron.  During  liight 
operations  especially  we  find  an  advantage  in  tliis  latter 
method  of  use. 

If  suitable  land  be  available  the  effiuent  is  run  over 
its  surface  for  final  purification,  the  chemical  treatment 
increasing  the  purifying  power  of  the  Qand.  The 
sludge,  which  is  without  o&naive  odour,  is  removed  in 
waggons  and  discharged  into  ploughed  trenches  ana 
leift  to  solidify.  After  a  few  ihours,  owing  to  the 
thamisin  treatment,  it  is  ready  to  be  ploughed  into  the 
land  as  a  f ertiiiser. 

Where  no  land  is  available  for  filtratLon,  or  wbere  it 
is  restricted,  we  use  a  special  method  for  producing  final 
purification.  The  effluent  is  ejected  in  the  form  of  a. 
fine  mist  on  to  an  artificial  filter-bed  composed  of  sand 
or  any  suitable  filtering  materiiJ.  By  this  means  it 
is  brought  into  contact  with  the  oxygen  of  the  air  in 
a  very  finely  divided  condition,  and  oxidation  takes 
pilaoe  with  great  rapidity. 

As  our  filters  may  be  but  from  three  to  twelve  inches 
doef]}  we  can  place  one  above  another,  and  so  effect  a 
large  amount  of  filtration  upon  a  compairatiTelly  small 
area  of  ground  space. 

We  find  that  the  oxidation  of  the  effluent  is  facilitated 
if  it  is  chemically  treated  before  being  snprayed  on  to 
the  filter,  but  such  questions  as  to  wihether  chemicals 
should  be  used  or  not^  or  in  what  proportions,  or  whether 
the  filtezs  should  'be  supernosed,  and  what  number  of 
tiers!  should  be  in  <Hie  stack,  can  <(^y  be  answered  in 
connection  with  the  local  advantages  or  absence  of  theza 
in  any  particular  case. 

The  deficient  and  economical  oxidatacm  of  the  sewage 
matter  is  the  chief  object  aimed  at  throughout  the 
Beeves  system,  but  a  subsidiary  object  of  some  import- 
ance may  be  pointed  out,  namely,  the  return  of  the 
sewage  to  the  soil,  the  possibility  of  this  bein^  done  to 
advantage  being  greatHy  increased  in  ih»  practical  appli- 
cation of  the  system,  and  the  scientific  reason  for  which, 
being  apparently  furnished  by  tiie  results  of  recent 
bacteriological  investigation. 

The  Advantages  Claimed  for  the  Beeves  System. 

First: — ^As  it  begins  by  preventing  the  formation  of 
sewer-gas,  it  secures  the  safety  of  tbe  publis 
health  up  to  such  extent  as  it  at  present 
suffers  on  account  of  air  pollution  by  sewer- 
gas. 

Second: — Its  adoption  will  minimise  the  pubAic  burdco 
in  respect  of  the  sewage  disposal  question. 

Third :  — ^It  allows  of  the  fullest  advantage  to  be  taken 
of  all  local  and  natural  advantages  in  any 
particular  case. 

Fourth: — It  provides  efficient  substitutes  where  local 
advantages  are  few,  or  even  abaont. 

Fifth :  — It,  to  a  considerable  extent,  prevents  the 
sewago  difficulty  by  rendering  it  easier  to 
deal  with  all  nuisance  from  sewage  on  its  way 
to,  and  at,  the  out-fa"- • 

The  Grounds  on  which  the  Advantages  Olaimbd  for 
THE  Beeves  Systebc  are  Based. 

The  Prevention  of  Sewer-gas. 

This  claim  rests  upon  tlie  results  of  actual  practice. 
Amongst  the  installations  for  this  purpose  that  may  be 
mentioned  are  those  at  Epsom,  Fulnam,  and  Edinburgh. 
At  Edinbui^h  the  installation  now  consists  of  fifty-three 
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apparatiiiaes,  lorfy-four  of  which  are  iwovking  in  ooti- 
neciion  with  a  main  interceptiiig  sewer  9  feet  3  inches 
by  7  feet  2  inches,  which  dxaina  a  large  district  of  £din« 
buigjh,  as  also  certain  villages  for  eereratl  mileft  abore 
Edimbuigh.  The  ventilating  grating  in  these  eewers 
had  all  to  be  cloeedl  owing  to  the  nuisanca  to  which  they 
gave  rise,  but  since  the  application  of  the  Beeves  aystem 
the  grating?  have  been  re-opened,  and  no  nuisance  has 
been  experienced.  In  everv  case  where  th-e  system  has 
been  applied  the  same  result  haa  followed. 


Improvement  of  the  'Pabilic  Headth. 

While  the  prevention  of  sewer-gas  implies  an  improve- 
ment an  the  puiblic  health,  it  may  be  noted  that  ibis  is 
an  effect  which  ia  found  actually  to  accompany  id^e  appli- 
cation of  the  Beeves  ssrstem.  In  this  connection  I  may 
be  permitted  to  point  out  that  the  conditions  which  we 
know  to  be  favour^ible  to  the  production  of  sewer^as 
are  always  concurrent  with  increased  mortadity  and 
sidbiess  retuma.  From  experiments  we  have  found  that 
gases  from  the  top  <^  a  high  ventilating  shaft  on  a  main 
eewer  of  the  LcMidon  Ckyunl^  OounoQ  are  sometimes  of  a 
highly  dangerous  nature  and  are  not  rendered  innocuous 
on  coming  into  the  air,  but  will  enter  rooms  on  the 
ground  floor  of  houses  66  feet  away  in  a  highly  dangerous 
condition.  In  January  last  we  found  these  gases  to  be 
in  a  specially  dangerous  condition,  and  concurrently  the 
vital  statistics  for  liondon  ehowed  the  diseases  of  the 
respiratory  organs  for  the  week  to  be  566  above  the  cor- 
rected average. 

I  may  also  be  permitted  to  point  out  how  the  health 
of  members  attending  the  Houses  of  Parliament  is  some- 
timea  seriously  encUtngered  from  sewer-gas.  Under 
present  practice  sewer-gasee  of  a  dangerous  character 
are  liable  to  be  expelled  from  the  Metropolitan  sewers 
in  the  vicinity  of  the  Houses,  and  if  the  weather  at  the 
time  is  close  and  muggy,  and  the  wind  in  any  direction 
from  ISr.W.  to  S.W.,  air  vitiated  by  these  gases  will  be 
wafted  into  the  Houses  by  the  corridors. 

Minimises  the  Public  Burden. 

The  results  at  Henlev  and  Staines  outHfaDs  bear  out 
this.  Previous  to  the  fteeves  system  being  applied  at 
Heniey  the  weekly  cost  of  treatii^  the  sewage  was  about 
£16  per  week.  The  cost  per  week  under  the  Beeves 
system  is  only  £9  10s.  per  week^  and  with  regard  to 
Staines  the  local  authorities  were  in  a  difficulty,  a  per- 
petual injunction  having  been  obtained  af^ainst  them, 
and  were  contemplating  an  expenditure  of  £7,000.  Which 
expenditure  was  rendered  unnecessary  by  the  introduc- 
tion of  the  Beeves  firystem.  This  point  may  be  ilfus- 
trated  by  the  following  reference  to  the  case  of  London. 
Taking  the  popuHation  at  5,000,000,  I  estimate  that 
the  annual  cost  for  keeping  the  air  in  the  sewers  pure 
continuously  would  be  about  £30,000,  inohiding  repay- 
ment of  capital  expenditure.  Now,  the  annual  expen- 
diture in  connection  with  preventible  diseases  in 
Lcndcm  is  at  least  £500,000.  If,  therefore,  a  reduction 
of  only  10  per  cent,  of  thia  expenditure  be  estimated 
as  the  restvlt  of  the  continuous  purification  of  the  sewer- 
air,  we  Have  a  saving  of  £20,000  per  annum  in  cash 
alone. 

Again,  looking  at  the  case  of  London  from  another 
point  of  view,  the  engineering  difficulties  arise  as 
follows  :  — If  large  sewers  are  provided,  with  a  view  of 
preventing  the  recurring  flooding  evils  owing  to  heavy 
rains,  we  then  have  during  dry  weather  laige,  and  com- 
paratively empty,  undierground  chambers  in  which  ibad 
gases  are  formed  and  stored  in  highly  dangerous  quan- 
tities, but  with  the  Beeves  system  the  flooding  eviils 
can  be  avoided  without  the  formation  of  the  dangerous 
gases,  and  without  the  necessifty  of  increasing  the  present 
main  drainage  system. 

Allows  the  Fullest  Advantage  to  be  tak<Hi  of  Local 

Circumstances. 

At  Henley,  the  land  naturally  so  suitable  fer  sewage 
disposal  was,  and  is,  by  itself  quite  unequal  to  deal  with 
the  bad  sewage  there ;  but  since  the  application  of  •Qie 
Beeves  System  the  effluent  has  been  sent  straight  from 
ihe  precipitating  tank  on  to  the  land  without  nuisance. 

Provides  Efficient  Substitutes  where  Local  Advantages 

are  Few  or  Absent. 

At  Staines,  again,  the  land  was  not  naturally  suitable 
for  sewage  disposal,  the  top  soil  being  four  parts  clay 
and  one  part  sand  to  a  depth  of  three  feet,  yet,  by  the 
use  of  the  Beeves  chemicals  and  appliances,  the  land 
there  was  enabled  to  take  all  the  sewage  for  twonand-a- 
half  years  without  difficulty  or  nuisance,  and  this  not- 
withstanding   that   a    perpetual    injimction    had   been 
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obtained  against  the  Staines  Council  in  respect  of  nuisanoe 
from  their  works  previous  to  the  introduction  of  the 
Beeves  System.  Effluents  drawn  from  the  subsoil  by 
tube-wells  gave  the  following  analyses :  — 

Sample  of  Effluent  from  Tube^well  19  feet  down  in 
centre  of  Works — 

Grains  per  Gallon. 
Ammonia  albuminoid    ...      *0540 

€hlorine 16'800 

Nitrogen  as  nitrates   ...  *0400 

Sample  of  Effluent  from  Tube-well  15  feet  deep  towards 
the  Eastern  boundary  of  Works — 

Ammonia  albuminoid     «        .        .      '0770 

Chlorine 14-000 

Nitrogen  as  nitrates       ...      '0320 

Since  these  analyses  were  obtained  excavations  have 
been  madle  right  through  the  land  to  a  depth  of  20  feet, 
and  no  trace  of  sewage  matter  has  been  n<^ceable  either 
on  the  eurface  of  the  land,  the  faces  of  the  excavations, 
or  the  water  in  the  bottom  of  the  cutting. 

Prevents  Nuisance  in  the  Streets  and  at  the  Out-fall 
under  all  Conditions,  and  so  makes  the  Sewage 
Difficulty  Easier  of  Solution. 

The  proof  of  the  first  part  of  this  claim  is  evident  from 
the  experiences  already  quoted,  and  the  conclusion  in 
the  second  part  follows  from  the  first,  for  it  is  the  neces- 
sity to  avoid  nuisance  which  increases  the  engineering 
difficulties  of  transit  and  Hmits  the  choice  of  out-fall 
sites. 

There  is  no  place  where  the  Beeves  System  can  be 
inspected  in  its  complete  form ;  but  an  inspection  of  the 
installations  at  Epsom,  Fuiham,  or  Edinburgh,  for  its 
practical  working  in  the  sewens,  and  that  at  Henley-on- 
Thames,  for  its  working  at  the  out-fall,  will  give  a  good 
idea  of  its  working  in  its  complete  application. 

At  Henley-on-Thames,  as  the  land  does  the  final 
purification,  we  use  the  special  filtering  arrangement  to 
give  a  supply  of  pure  effluent  sufficient  for  the  purposes 
of  our  operations  only,  namely,  the  water  supply  for 
liquefying  our  dhemicals  and  what  is  required  for  our 
steam  boilers — about  10,000  gallons  daily  ;  but  at  a  few 
days'  notice  we  could  arrange  so  that  the  special  filter 
could  take  the  whole  of  the  daily  now,  of  about  100,000 
gallons. 

The  Cost  of  the  Beeves  PRocssa. 

The  coet  of  the  Beeves  system  varies  with  the  condi- 
tions. At  Edinburgh  some  of  the  apparatuses  cost 
annually  £2  each  for  chemicails,  and  others  £3  ;  the  water 
costs  about  £3,  and  the  labour  attending  to  them  about 
£3.  But  the  work  each  apparatus  has  to  do  there  is 
exoeptional,  some  of  the  apparatuses  doing  effective 
ventilation  equivalent  to  twelve  miles  of  a  12-inch  pipe 
sewer,  running  quarter  full,  to  each  apparatus. 

Again,  at  such  places  as  Epsom  the  annual  cost  has 
been  small,  because  it  has  not  been  the  practice  to  keep 
the  apparatus  continuously  in  use  there  throughout  eacn 
year. 

So  far  as  can  be  at  present  estimated  the  annual  cost 
of  maintaining  the  system  throughout  the  whole  of  the 
sewerage  of  a  town  or  large  distSct  would  be  under  £2 
per  apparatus,  but  there  would  be  a  saving  in  actual 
cash  vjJue  that  would  fall  to  be  set  off  against  this  as  has 
been  indicated  in  the  paragraph  referring  to  the  mini- 
mising of  the  public  burdens  on  page  23. 

As  to  the  cost  of  out-fall  treatment,  I  cannot  point  to 
any  case  laid  down  on  the  Beeves  method  from  the  first, 
but  a  comparison  of  the  cost  of  the  Beeves  process  with 
the  cost  of  the  systems  in  use  previously  where  it  has 
been  applied  gives  a  great  advantage  to  the  Beeves 
system. 

It  may  be  noted  that,  so  far,  tfie  Beeves  system  has 
only  been  applied  in  cases  where  difficulty  with  existing 
methods  had  caused  the  local  authorities  j^ve  concern. 

5119.  {Chairmcm\  You  are  Mr.  Brown? — ^Yes,  my 
Lord. 

5120.  And  you  come  before  us  representing  the  Beeves 
Chemical  Sanitation  Company's  process? — ^Yes. 

5121.  The  Commission  are  very  much  obliged  to  you 
for  your  statement,  which  we  have  all  read  with  interest 
and  which  will  be  placed  upon  our  minutes.  We  do  not 
propose  to  ask  you  much  now,  because  we  understand 
that  you  invite  us  to  examine  for  ourselves  the  results 
of  your  system.  Well,  we  shall  be  very  happy  to  do 
that,  and  will  you  tell  us  where  you  would  like  us  to 
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examine  it  ?— With  regard  to  the  first  part  of  the  treat- 
ment we  have  a  very  good  installation  at  Edinburgh,  a 
large  installation,  and  another  at  Epsom,  and  a  smaller 
one  at  Fulham.  Fnlham,  of  course,  is  the  nearest  place, 
and  as  one  of  the  apparatus  is  placed  just  at  the  dis- 
charge from  Kops'  Brewery,  where  it  is  a  very  severe 
test,  it  illustrates  the  power  of  the  apparatus  suffi- 
ciently. But  at  Edinburgh  you  would  see  the  system, 
as  such,  applied  on  a  large  scale  with  fifty-three  appara- 
tus running  for  the  most  part  in  series.  Then  with 
regard  to  the  outfall  treatment,  we  could  show  that  in 
its  entirety  at  Henley. 

5122  (Colonel  Harding.  Tour  system  is  largely  a  sys- 
tem of  Ixeating  sewage  m  transit  so  as  to  prevent  objec- 
tionable smells  by  decomposition  arising  sooner  than  the 
arrival  at  the  sewage  works? — Yes,  that  is  a  very  im- 
portant part  of  the  system. 

5123.  In  'iJhe  main  the  system  at  the  sewage  woiIdb 
consists  of  precipitation,  the  precipitant  being  a  special 
one  of  your  own,  consisting  of  tar  and  lime,  and  the  pre- 
cipitation is  followed  by  passing  the  effluent  on  to  the 
land  ?— Yes. 

5124.  But  you  suggest  an  intermediate  method  which 
you  do  not  fully  explain,  of  producing  what  you  call  a 
fine  mist  of  sewage  which  is  to  pass  over  three  inches  of 
sand  ? — ^Yes ;  we  can  show  that  at  Henley. 

5125.  But  how  do  you  produce  tbis  fine  mist? — ^By 
pressure  through  a  nozzle,  a  specially  shaped  nozzle. 

5126.  How  do  you  produce  the  pressure  7 — ^At  Henley 
we  are  doing  it  by  steam  power. 

5127.  What  pressure  ? — ^WeU,  afbout  equal  to  a  column 
of  water  afbout  50  feet  high. 

5128.  Do  you  suggest  that  that  is  a  practical  way  of 
dealing  with  sewage  on  a  large  scale  ? — Yes ;  under 
certain  circumstances  where  there  are  difficulties  in  re- 
spect of  ground  space  and  other  difficulties  of  that  kind. 


At  Henley  we  do  not  use  that  in  our  practical  dealing 
with  the  sewage,  of  course. 

5129.  This  fine  spray  is  produced  by  passing  through 
holee?— Through  one  hole,  one  hole  on  each  nozzle,  the 
li<j^uid  striking  on  a  plate,  and  spreading  oat  into  a  fine 
mist  which  is  effectively  oxidised  By  intimate  atmos- 
pheric contact. 

6130.  You  have  done  that  within  practical  limits  of 
cost? — ^Yes,  we  are  using  (the  water  hj  the  process  for 
our  own  purposes. 

5131.  And  the  treatment  of  sewage  in  that  way  is 
practical  ? — ^Yes,  the  fikration  is  cfhiefly  to  take  away  any 
rough  thipgs  that  may  (be  in  the  effluent — grit  or  any- 
thing of  thait  (kind. 

5132.  Thank  you  verv  much,  Mr.  Brown.  I  do  not 
want  to  detain  you  ? — libat  is  a  sample  oi  the  effluent  by 
this  mist  process,  and  entirely  without  having  touobed 
land,  or  liaving  been  filtered  in  the  usual  sense  (pro- 
dttcing  sample  ),  and  is  similar  to  one  on  which  Professor 
Wanklyn  reported,  as  follows :  — 


On.  per 
Ckdlon. 

Parts  per 
MiUlon. 

r 

Chloride. 

1 

Free 
ammonia. 

Albuminoid 
ammonia. 

Opinion. 

Baw  Kwage 
Tank  efllQAnt 
Final  efHnent     - 

6-6 

9-S 

140-00 

16*00 

0-00 

6-60 
2.00 
0.50    ' 

Strong  Mvage. 

A    moderatalT    good 

effluent. 
An  excellent  effluent 

5133  (Chatrman),  We  shall     take     our  Kampies.  of 
course  ? — ^Yes. 


Mb.  WiixiAM  Camebon  Sillab  ;  called  in,  and   Examined. 


Mr.        I^A&TicuLABS  of  Evidence  with  reference  to  the  ''A. B.C. 

c^iar.  Sewage  Process,"  offered  by  the  Native  Guano  Com. 
pany.  Limited,  to  be  given  bv  their  representatives, 
Mr.  William  Cameron  Sillar  (a  Director  of  the  Com- 
pany and  one  of  the  original  patentees)  and  Mr. 
Douglas  Archibald. 

Comprising  a  description  of  ; 

(1)  The  invention. 

(2)  The  advantages  claimed  it. 

(3)  The  grounds  on  which  the  claims  are  supported. 

(4)  The  cost  of  the  process,  and  a  statement  giving 

the  name  of  thi)  place  where  the  process 
is  at  present  in  operation,  and  showing  on  what 
scale  and  during  wh^i  period  it  has  been  in  use. 

(1)  The  Invention. — ^The  invention  is  the  combination 
of  certain  natural  substances  which  when  added  to  town 
sewage   deodorise   and   purify   it,   precipitating   its  im- 

Surities  so  as  to  leave  the  effluent  water  in  a  fit  con- 
ition  to  flow  into  ordinary  rivers  and  the  precipitated 
deposit  a  valuable  manure. 

These  substances  are  principally 
Clay, 
Carbon, 
Blood,  and 
Salts  of  Alumixse. 

Should  the  sewage  be  too  acid,  some  alkali  would  be 
used  to  neutralise  it.  Should  it  be  too  airline,  a  little 
acid  is  added.  These  substances  are  used  in  the  follow- 
ing manner :  First,  the  sewage  is  treated  with  a  tritu- 
rated mixture  of  clay,  carbon,  and  blood,  which  at  Kings- 
ton is  added  to  it  in  the  pumpwell  before  it  is  raised  to 
the  tank  level.  It  is  considered  preferable  to  add  this 
mixture  to  the  sewage  at  the  earliest  possible  stage  after 
it  reaches  the  works.  These  substances  together  act  as 
deodorants  and  purifiers.  Subsequently  a  solution  of  alu- 
mina is  added  in  the  channel  leading  from  the  pump  de- 
livery to  the  tanks.  The  exact  proportions  in  which  these 
substances  are  mixed  and  added  to  the  sewage  vary  with 
the  strength  of  the  latter,  but  the  average  proportions  may 
be  inferred  from  the  following  figures  for  the  materials 
used  at  Kingston  :  — 

Clay,  Carbon,  Blood,  and  Salts)  Grains  per  Gallon, 
of  Alumina        •        -        ■/  50 

When  the  sewage  thus  treated  passes  into  the  settling 
tanks  precipitation  occurs,  which  not  merely  deposits  the 
grosser  si'unendcd  matters,  but  a  large  proportion  of  the 


dissolved  impurities  which  have  attached  themselves, 
both  chemically  and  mechanically,  to  the  clay,  carbon, 
and  blood.  The  resulting  effluent  water  is  rendered  fit  to 
be  discharged  into  ordinary  watercourses,  and  the  tank 
precipitate  is  in  a  condition  for  removal  and  conversion 
into  a  portable  manure,  which  is  effected  in  tlie  follow- 
ing manner:  — 

The  precipitate  in  the  condition  of  sludge  containing 
about  90  per  cent,  of  water  is  removed  from  the  tanks 
into  filler  presses,  which  reduce  it  to  a  cake  containing 
about  50  per  cent.  This  cake  is  further  dried  by  artificial 
beat  or  otherwise  until  it  contains  about  20  per  cent  of 
moisture,  after  which  it  is  bagged  ready  for  use. 

(2)  The  advantages  claimed  for  it. — It  is  claimed  for  it : 

A.  That  by  means  of  the  clay,  carbon,  etc.,  used  in 

combination  in  the  precipitating  tanks  the  offen- 
sive odour  is  at  once  removed  from  the  sewage, 
and  this  inoffensiveness  continues  to  the  end  of 
the  process. 

B.  The  resulting  tank  effluent  is  alone  of  sufficient 

purity  to  be  discharged  into  any  ordinary  river,  as 
may  be  judged  of  from  analyses  of  albuminoid 
ammonia  in  samples  taken  by  the  Medical  Officer 
of  Health  at  Kingston  and  the  Company's  Chemis* 
and  Works'  Manager  at  Kingston  during  the  past 
two  years,  the  monthly  averages  of  which  ^>pefr 
in  the  adjoining  tables  (pages  1  and  2),  ll)e  yearly 
averages  being  as  follows  : — 


Albuminoid  Ammonia. 
Parts  per  Million. 

1 

1898. 

18  99. 

Medical   Officer  of 
Health. 

Company's  Cliemist 

52  Samples,  2*04 
57  Samples,  1*96 

47  Samples,  2*24 
36  Samples,  2*08 

Average  of  the\ 
Two  -    -    ■/ 

2  00 

216 
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The  ATerage  proportion  of  Albuminoid  ammonia 
in  4he  crude  sewage  afe  Kingston  may  be  in* 
lerxHBd  horn  the  foUowing  xeeuka  of  analjvea 
made  at  Kingston  und-er  w  gupenntendienoe  oi 
the  eompan/a  obemist. 


DBCXMBKR  llTH  TO 

Dbcsmbbb  29th  1899. 

Albuminoid  Ammonia. 
Pabts  peb  Million. 

Areraee  of  Dailr  Samples^ 
of   &waffe  talcen   every  - 
Fifteen  Siinutes     -       -  j 

12-6 

c.  Where  a  highor  standaid  of  punfication  is  t»- 
qvared  this  can  be  effected  by  a  single  flltra- 
tioik  U  the  tax^  effluent  through  a  ooke  or  ash 
filter  at  iihe  irate  of  ttbout  310  gallons  per  squaire 
yard  per  24  hours.  The  two  filters  at  Kingston 
are  about  l-200Ui  of  an  acre  eaoh  in  area,  and 
have  been  irorked  regularly  sinoe  May,  1608, 
on  the  intennittent  principle,  via. : — 

20  minutes  filling. 

2  hours  26  minutes  standing. 

46  mimfutes  emptying. 

30  minutes  standing  empty. 

4  hours. 


%.€.,  A  itotal  of  4  hours  or  three  fillinge  in  12 
hours.  They  have  hitherto  been  wor£ad  only 
in  the  day  hours.  So  far  as  can  be  asoertained 
by  actual  measurements  there  is  no  sensible 
hies  of  oapacity. 

D.  Fish  are  in  no  way  injured  by  the  effluent. 

K.  The  aibsence  of  evil  odkxur  enables  the  works  to 
be  eet  up  in  close  prozimily  to  dwellings  or 
^wns,  thus  dispensing  with  the  necessity  of 
lengthened  sewerage. 

F.  The  salts  of  alumina  precipitate  without  injuring 
the  manurial  value  of  the  deposit,  and  in  this 
respect  the  process  differs  eesentiany  from  the 
Hme  treatment  and  many  others.  The  manurial 
yalue  of  the  deposit  which  is  deriyed  solely 
from  iihe  action  in  the  tanks  upon  the  sewage 
may  be  inferred  from  the  fact  that  it  has  a 
ready  safl>e  ait  £3  lOs.  per  ton. 

0.  The  finished  manure  being  in  a  portable  and  in- 

offensiye  condition  can  be  oonyeniently  sent  to 
any  part  of  the  country,  and  this  of  itself 
Affords  a  guarantee  ^igainst  the  offence  arising 
from  accumulations  of  unsaleable  sludge  in  situ. 

H.  The  cost  of  the  process  is  no  greater,  if  indeed 
not  actually  less,  than  that  incurred  in  the 
yarlous  alternatives  in  use  or  proposed,  and 
with  this  additional  advantage  that  it  supplies 
a  home  product  for  the  benefit  of  national  agri* 
culture  in  place  of  the  wanton  destruction  in- 
volved in  so  many  other  systems,  and  the  con- 
sequent necessity  of  importing  fertilisers  from 
abroad. 

1.  The  capital  cost  of  works  suitable  for  the  entire 

process  is  under  the  low  figure  of  lOs.  per  head 
of  the  porMilation. 

(3-)  The  grounds  on  which  the  daims  are  supported. — 
Xn  res^aid  to  the  specific  claims  above  made  the  grounds 
en  which  they  are  supported  are—   « 

A.  The  works  themselves  at  Kingston,  where  the 
process  has  been  in  continuous  operaitran  for 
nearly  12  years.  The  evidence  given  by  Sir 
William  Orookes,  F.RS.,  etc.,  tho  late  Dr. 
Tidy,  M.'B.,  M.R.C.S.,  etc.,  the  late  Professor 
Wallace,  the  late  Professor  Way,  F.I.O., 
F.C.S.,  e*c.,  the  late  Mr.  T.  W.  Keates,  F.LC. 
etc,  the  late  Dr.  Angus  Smith,  F.R.S.,  etc.. 
Dr.  OoUingridge,  M.B.,  M.R.C.S.,  etc.,  Mt 
O.  Hawkaley,  C.E.,  etc.,  Mr.  Baldwin  Latham. 
^.LC.E.,  etc,  before  the  IVivy  Council  1882 
The  report  of  Professor  Dewar,  F.R.6.,  and 
ihe  late  Dr.  l^dy,  on  a  three  months'  examina- 
tion of  the  working  of  the  process  at  AjfAesbury. 
The  annual  certificates  of  the  Aylesbury  Local 
Board.  Evidence  given  by  the  late  Dr.  Frank- 
land,  F.RS.,  etc.,  on  the  resuHs  of  ^e  work- 
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ingat  Kingston.  More  recently  Colonel  Hasted,       Mr, 
ILE.,  Deputy  Chief  Ei^ineering  Inspector  of  "*•  csittmr. 
HtM  Local  Goyemment  Board,  visited  we  works     20  Jum 
at  Sangston-on-fniaanee,  on  the  10th  Februaoy,       imp. 
1900,  and   made  ihe  following  remarks  in  the 
yisiibors'  'book: — 

"I  went  aU  over  the  works,  and  I  found 
them  remai^kably  free  from  «meU.  I 
examined  samples  of  the  effluent — ^that 
from  the  tanks  was  fairly  dear  without 
noticeable  smeM  of  sewage,  that  from 
the  filters  was  perfectly  clear,  and 
without  smell." 

The  fact  that  the  Kingston  Coiporation,  after 
two  years'  experience  of  the  works,  converted  tiis 
land  adjoininff  into  a  pleasure  park,  and  oon* 
structed  the  Sand  stand  within  25  yards  of  the 
precipitating  tanks. 

B.  The  reports  and  evidence  of  the  above  mentioned 
chemists  and  engineers  and  others. 

The  tank  effluent  at  Kingston  until  the  recent 
rise  in  the  requirements  of  the  Thames  Conser- 
V90CJ  has,  since  the  year  1888,  been  allowed  to 
pass  into  the  Thames  without  objection. 

c.  The  sewage  of  Kingston,  Suityiton,  and  Hampton 
Wick,  with  a  population  at  present  over  50,000, 
has  hitherto  been  treated  upon  an  area  of  noi 
more  than  three  acres.  When  the  standard  re- 
quires the  tank  effluent  to  undergo  further  purifi- 
cation the  results  from  two  years,  with  experi- 
mental coke  filters  at  Kingston  have  shown  that 
it  can  be  purified  to  the  requisite  standard  in  the 
proportion  of  Ij^  milli(xi  gallons  to  the  acre.  Thus 
only  1^  acres  more  will  be  requisite. 

The  results  of  analyses  of  samples  of  the  filtrate 
from  the  above-mentioned  filters  from  August, 
1890,  to  February,  1900,  are  given  in  a  table 
annexed*  the  averages  being  as  follows:  — 


Albuminoid  Ammonia, 
Parts  per  Miluon. 


Coke  Filter,  11  Samples 


Ash  Filter,  12  Samples 


•77 
'69 


D.  As  evidence  that  the  effluent  is  innocuous  to  fish 
life,  medals  were  received  from  every  fisheries 
exhibition  for  fish  living  in  tank  effluent. 

B.  The  case  of  Kingston. 

r.  AND  o.  The  fsct  that  for  the  last  thirty  years  all 
the  manure  has  been  sold  at  an  average  price  of 
70s.  per  ton.  The  twenty-three  annual  collec- 
tions of  reports  received  from  farmers,  gar- 
denersy  and  others  who  have  used  the  manure. 

H.  This  can  be  shown  from  the  fact  that  Mr.  T. 
Hawksley,  C.E.,  at  the  inauguration  of  the  com- 
pleted Kingston  Works  on  29th  June,  1880, 
stated  that: 

"  He  was  told  that  this  Company  undertook 
to  purify  the  sewage  as  they  had  seen 
it  done  that  day  for  a  compensation 
amounting  to  only  threepence  in  '  i  e 
pound.  He  had  had  large  experience  in 
this  subject  as  an  engineer,  and  finan^ 
oially  he  could  tell  the  town  of  Kingston 
that  it  was  only  paying  one-third  and  in 
many  cases  one-fourth  of  what  other 
towns  had  to  pay.'' 

The  fact    that   Kingston    is    only  paying  about 
£4,000  per  annum  for  about  52,000  persons. 

I.  The  fact,  and  a  comparison  of  the  cost  of  the 
works  at  Kingston  with  the  cost  of  works  at 
other  places. 

(4)  The  oqst  of  the  process. — The  cost  of  the  process  is 
as  before  stated  under  10s.  per  head  of  the  population  for 
first  construction  ;  and  for  daily  working  the  Kingston 
Corporaition,  as  above  mentioned,  pay  a  subsidy  of 
£4,000  per  annum  for  52,000  persons.  The  Native 
Guano  Co.  make  a  profit  by  the  subsidy  paid  by  the 
town  together  with  the  proceeds  of  ihe  naitive  guano 
sold. 
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Mr,  .The  cost  to  the  town  is  limited  to  the  subeidy  they 

W,  csaiar.  agree  to  pay  to  the  Company  for  carrying  on  the  woxk, 
and  the  Company  guarantee  the  results. 

Where  in  operation.  On  what  scale  and  during  what 
period  it  has  been  in  use. — ^The  process  is  at  present  in 
operation  at  Elingston-on-Thames,  dealing  with  the  sewage 
of  that  borough  and  of  the  districts  of  Surbiton  and  Hamp- 
ton Wick  with  an  aggregate  population  of  51,524.  The 
quantity  of  sewage  dealt  with  amounts  at  present  to  about 
700  million  gallons  a  year.  The  works  have  been  in  con- 
tinuous operation  from  the  4th  December,  1888. 

The  directors  of  the  company  would  desire  to  repeat 
their  former  invitation  to  the  membeis  of  the  Royal  Com- 
mission to  visit  their  works  at  Kingston,  and  would  be 
pleased  to  place  every  facility  at  their  disposal  for  making 
complete  examinations  and  analyses  of  the  system  which 
is  there  in  operation. 

'The  Royal  Commission  would  thus  be  enabled  to  judge 
for  themselves  of  the  efficacy  of  the  system,  as  it  is  now 
carried  out  with  all  the  improvements  gained  by  thirty 
years'  experience  and  eleven  years'  continuous  working  at 
Kingston. 

The  fact  that  the  process  has  been  in  existence  for  so 
many  years,  and  has  worked  successfully,  as  the  fore- 
going evidence  shows,  justifies  the  directors  in  asking  the 
Boyal  Commission  to  examine  it,  and  judge  of  its  merits 
bj  what  it  is  doing  to-day  rather  than  by  conclusions 
axrived  at  30  years  ago,  based  on  a  few  hours'  examina- 
tiosi  of  ^e  working  under  abnormal  conditi<»i0  when  the 
process  was  in  its  first  or  experimental  stage. 

It  is  deemed  advisable  to  refer  to  this,  as  douMess  the 
attention  of  the  Royal  Commission  will  be  caililed  to  the 
report  upon  the  process  by  the  Royal  Rivers  PottutioD 
Commission  of  1868. 

The  conclusions  arrived  at  by  that  Commission  have 
always  been  contested  by  tdie  Company.  They  were 
based  on  (1)  a  small  experiment  made  at  Leicester,  where 
an  exammaition  was  made  immediately  after  the  process 
w«8  etazted,  and  before  even  the  original  patent  had 
been  completed',  and  (2)  upon  experimental  working  at 
Leamington,  where  the  process  had'  only  been  in  operar 
tion  a  few  months,  at  works  of  which  the  company  had 
only  temporary  possession. 

To  judge  any  process  at  such  an  early  stage  in  its 
histoiy,  and  to  amve  at  such  conclusions  after  only  a  few 
hours  examination,  was  manifestly  premature,  and  it  is 
submitted  that  apart  from  the  question  <^  the  experi- 
ments, as  then  oonducted  affording  any  paartial  grounds 
for  such  conclusions,  these  in  no  way  apply  to  t&etprooess, 
aa  it  is  now  worked!  at  Eangston,  while  they  {have  been 
oompletely  refuted,  and*  reversed  by  the  investigations 
(1)  of  Sir  William  Crookes,  F.R.S.,  who  personally 
supervised  'die  working  for  12  months,  and  (2)  of  Pro- 
fessor Dewar,  F.R.S.,  and  the  late  Br.  Tidy,  who  per- 
sonally examined  the  working  at  Ayleebury,  and  ap- 
pouited  a  resident  chemist  of  Uieir  own  to  supervise  the 
works  for  <t^ee  months. 

llieee  gentlemen  came  to  dihe  same  conckiaions  as  Sir 
William  Crookes,  and  they  are  summarised  as  foUowB : — 

(1.)  That  the  ABC  process  produces  a  clear  effluent 
free  from  sui^nded  matter,  and  devoid  of 

smell. 

(2.)  That  the  effluent  is  uniform,  notwithetanding 
the  veiy  varied  nature  and  concentration:  of 
the  sewage. 

(3.)  TbAt  as  the  sfarength  of  the  sewage  increases,  the 
pirecipitation  is  more  complete. 

(4.)  That  the  process  removes  over  80  per  cent,  of 
the  total  oxkllizalble  organic  matter. 

(5.)  That  it  precipitates  60  par  cent,  of  the  organic 
matter  in  scdution,  and  of  the  residlae  left  in 
the  effluent  at  least  two-thirds  are  non-albu- 
minous, and,  therefore,  of  a  nature  less  UMn 
to  putrefactive  andl  other  changes. 

(6.)  That  the  process  is  carried  on  without  nuisance, 
the  sewage  being  immediately  and  completely 
deodoriz^,  and  the  entire  works  free  from 
any  objectionable  smetH. 

(7.)  That  it  produces  a  manure  containing  an 
average  of  3*6  per  cent,  of  ammonfia,  calcu- 
lated on  the  perfeotily  d!iy  manure,  or  if  with 
20  per  cent,  of  water,  3  per  cent,  cf  available 
mmjinrtnia  axid  also  5  per  cent,  of  phosphates, 
reckoned  as  tricalcic  phosphate  of  lune. 


The  evidence  of  other  soientifltB  already  referred  to 
conralboratee  tdiese  results,  w4iile  the  practical  working, 
bdtii  at  Kingston  aad  Aylesbury,  between  them  cover  a 
~  of  24  years. 


It  may  also  be  noted  that  Dr.  J*rankland,  himself  a 
member  of  the  1668  Oommissiioii,  modified  this  oplnioii  of 
the  process  unon  a  later  examination  of  it  as  workLog  at 
Kingston,  and  be  stated'  in  evid'ence  that  4he  effluent  m 
examined  by  him  was  of  sufflcieot  purity  to  he  acbniasi- 
ble  into  the  Thamea  below  the  intakes  ol  €he  water  oom- 


AiTALYSES  OF  Effluents  fbom  Kinobton  Sew aoi 

Works. 

Monthly  Averages  of  results  reported  by  the  Medical 
.Officer  of  Health,  from  figures  supplied  by   To^vn 
Clerk. 


Albuminoid  Ahmonia— Parts  per  Mhjjon. 


Month. 


January 
February 
March  - 
April    - 
May 
June    - 
July 
August 
September  - 
October 
November   - 
December    • 

Averages 


1898. 


12-04 


1899. 


52  Samples. 

47  Samples. 

1-40 

2-47 

1-52 

— 

2-24 

2-56 

1-96 

2-28 

207 

1-90 

1-70 

1-89 

2-23 

2-47 

2-93 

— 

2*23 

214 

2-21 

2-22 

1-86 

210 

2-24 


All  tank  effluents  without  any  filtration. 


Analyses  of  Effluents  from  Kingston  Sewage 

Works. 

Monthly  averages  of  results  reported  by  the  Company's 
Chemist  and  Works  Manager. 


Albuminoid  Ammonia— Parts  per  Million. 


1898. 

1899. 

Month. 

57  Samples. 

36  Samples. 

January       .        .        -        - 

1*88 

2-23 

February     .        -        -        - 

1-82 

— 

March 

205 

1-50 

Apri     -        -        -        -        - 

1-80 

214 

May 

2-36 

2-55 

June 

1-98 

1-25 

July 

212 

216 

August        .... 

2-30 

2.45 

September  -        -        -        - 

1-80 

2-26 

October       .... 

1-70 

2-26 

November    -        -        -        - 

1-84 

1-96 

December    -        -        -        - 

1-90 

218 

Averages    -    -    - 

1-96 

206 

All  tank  effluents  without  any  filtration. 
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Analyses  of  Filtbates  from  Experimental  Filters, 
Kingston  Sewaoe  Works. 


Albuminoid  Ammonia— Parts  per  Miluon. 


1899. 


if 


Augusts 

9 

28    . 
September  26 
October  26  . 
December  11 

19 
20 


» 


>• 


1900. 


Januarys    - 
,.       9    - 
20   - 
29    • 
31    - 

14 


»» 


)* 


Averages  - 


Coke. 

Ash. 

•£2 

•87 

•91 

•79 

•84 

•68 

•64 

•96 

•87 

•85 

•82 

_-. 

•99 

•81 

•67 

•60 

•62 

•64 

— 

•64 

— .. 

•70 

•61 

.... 

•63 

•48 

— 

•42 

•77 

•69 

Each  of  the  above  experimental  filters  is  ^hf^h  of  an  acre 
«nd  they  have  been  working  continnously  from  May  1898. 

6134.  (Chairman.)  You  ere  Mr.  SiilarM^**-  SUlar.) 
I  am  Mr.  SHlar.  1  have  taken  ihe  lib^y  to  bring  my 
eecretary  in  case  questions  are  asked  which  he  may  be 
Able  to  answer  better  than,  we  are  ourselves. 

5135.  AimI  you  are  Mr.  Ar(^heki)—iMr.  Archibald.) 
Tes. 

5136.  You  come  as  representing  the  A  B.C.  Sewage 
Prooefls  ?— (Mr.  SiUar.)  I  am  a  director,  and  Mr. 
Archibald  is  our  representative. 

6137.  The  Oommission  are  mu<£  obliged  for  the  state- 
ment you  have  given  us,  which  I  believe  all  of  us  read 
with  interest,  and  which  will  be  placed  upon  our  minutes. 
I  do  not  thixtk  that  now  we  propose  to  ask  you  very  much 
because  we  understand  t^at  you  invite  us  to  make  exami- 
nations  for  ourselves  ?—Certamly. 

5138.  And  that  we  shall  be  happy  to  do.  You  will 
perhaps  let  me  know  where  you  would  wish  our  exami- 
nations to  take  place?— (Mr.  Ardixbald,)  Do  you  mean 
the  examinations  of  the  iroiikfl  at  Eongsiton  ? 

6139.  At  Kingston  t — ^Well,  it  is  tHe  only  place  at  whidi 
the  company  is  at  present  carrying  <m  operations,  and  I 
should  imagine  that  would  be  the  only  place  where  you 
could  examine  'the  system. 

5140.  (Colonel  Harding.)  May  I  ask  Mr.  Archibald 
how  old  this  system  is ;  how  long  it  has  been  before  the 
public? — I  think  the  system  began  in  1869. 

5141.  And  ddd  I  understand  you  to  say  just  now  that 
ihe  only  rHace  in  whidh  it  was  in  operation  was  at 
Kingston?— At  Kingston,  yes. 

5142.  Can  you  give  us  some  explanation  of  how  that 
is? — ^Yes,  of  course,  that  is  rather  a  lengtliy  process 
because  it  would  mean  stating  the  reaeons  why  the  com- 
pany was  not  at  certain  places  where  i^ey  began  to  be, 
but  if  you  will  allow  me  I  will  put  before  you — ^I  think 
I  have  tihe  evidene*  here. 

5143.  Would  you  say  it  has  been  tried  at  many  places, 
hsfl  it  not  ? — ^When  it  was  originally  started  it  was  sup- 
posed that  >the  pirocess  would  yield  such  a  profitable 
slud|ge  manure  that  the  process  would  be  able  to  be 
carried  on  without  any  payment  on  tTie  part  of  the  town. 
T^e  consequence  was  that  arrangements  were  made  with 
several  towns  to  start  with  upon  rather  too  optimistic  a 
basis.  Those  arrangements  were  begun  and  carried  on 
to  some  extent  at  fome  of  the  places,  and  then  it  was 
found  that  it  was  impossible  to  go  on  with  the  contract 
as  originally  made,  and  the  company  had  to  reldre  from 
some  of  these  places  and  begin  afresh  on  a  different  finan- 
cial basis.  That  was  the  reason  that  operated  in  the  ini- 
tial  stages,  and  I  think  that,  to  a  cenbain  extent,  4flie 
resttl'ts  have  rather  operated  against  the  interests  of  the 
company  all  through.  Having  begun  Ske  that,  it  was 
natural  that  eveiy^body  referred  back  to  the  jMst  uaA 
said,  "If  you  did  not  succeed  there,  why  should  you 


succeed  here?"  But  I  could  give  you  very  good  reasons 
why  in  individual  cases  HhB  company  is  not  carrying  on 
operations.    I  could  give  you  the  specific  reasons. 

5144w  You  now  find  that  the  sludge  produced  by  your 
system  has  not  the  manurial  value?  That  it  was 
originally  supposed  to  have  V 

5145.  But  you  still  suggest  that  it  has  a  manurial 
value  ? — We  claim  that  it  has  a  manurial  value  to  the 
farmer  equal  to  what  he  pays,  viz.,  the  £3  10s.  per  ton. 

5146.  At  Kingston  does  the  farmer  pay  £3  lOs.  per 
ton  ?^— The  farmer  to  whom  the  manure  is  sent  pays 
£3  10s.  per  ton  all  over  the  Kingdom. 

5147.  (Professor  Bamsey.)  The  manure  that  is  sent 
out  is  not  merely  the  sludge,  but  it  is  the  sludge  plus 
a  number  of  other  ingredients,  is  it  not  ? — It  is  not  plus 
any  ingredients  that  are  not  used  in  the  treatment  It 
is  simply  the  suibstances  that  are  put  into  4)he  tanks 
for  the  treatment  that  appear  in  the  sludge;  just  in 
the  same  way  as  lime  or  any  other  treatment  would 
appear  in  the  ultimate  sludge. 

6148.  (Colond  Harding,)  Then  the  question  arises 
whether  the  cost  incurred  in  providing  these  materials 
does  not  counterbalance  the  price  that  you  obtain  from 
the  sludge  ? — ^I  think  I  can  give  you  very  good  evidence 
to  show  that  it  does  not. 

5149.  As  a  fact,  your  scheme  was  tried  at  Leeds 
thirty  years  ago  ? — At  Leeds ;  yes — ^that  is  many  years 
ago  and  it  was  tried.  I  might  read  you  if  you  will 
allow  me  a  description  of  why  it  was  at  Leeds  and  the 
history  of  it  in  fact. 

5150.  Do  not  give  us  the  history.  Could  you  tell  as 
in  a  few  words  why  it  was  abandoned  by  Leeds  ^— I 
cannot  tell  you  without  reading  the  paragraph. 

5151.  Was  it  disappointment  as  to  the  value  of  the 
sludge? — Perhaps  if  you  would  allow  me,  this  is 
rather  going  back  into  past  history  and  Mr.  Sillar 

5152.  I  do  not  want  to  raise  the  whole  history  of  the 
Leeds  experiments? — (Mr.  SiUar.)  At  Leeds  the  Cor- 
poration made  certain  scientific  experiments  as  to  the 
value  of  the  manure,  and  {hey  came  to  the  conclusion 
that  it  was  of  more  value  agriculturally  ihsa  stable 
refuse  or  any  other  manure  they  tried  ;  they  were  per- 
fectly satisfied  with  the  value  of  the  manure,  but  they 
never  paid  the  company  any  subsidy  for  treating  their 
sewage,  and  they  got  tired  after  two  or  three  years  of 
doing  it  for  nothing. 

5153.  And  the  Leeds  Corporation  did  not  find  it 
worth  their  while  to  cany  it  on  ?^— When  the  official 
from  the  Local  Government  Board  visited  Leeds  he 
said :  "  I  do  not  see  why  tihese  people  should  be  at 
the  expez.se  of  putting  such  clear  water  into  such  a 
filthy  stream,*^  and  the  Leeds  Corporation,  whenever 
they  are  required  to  purify  the  water  to  a  certain 
extent,  know  now  how  to  do  it,  but  the  stream  into 
whicSi  the  clear  water  went  was  a  filthy  black  stream, 
and  that  was  the  reason  that  the  Leeds  Corporation 

5154.  Without  going  back,  then,  into  the  history  of 
the  particular  experiment,  may  I  ask  you  at  the  present 
moment  what  is  the  position  of  the  system.  You  sug- 
gest it  as  a  system  of  preciptation,  and  you  do  not  sug- 
gest, do  you,  that  the  effluent  coming  from  the  ^joihm 
ought  not  to  be  further  treated  ?-H;Mr.  Ardiibald.) 
Most  certainly  we  do  not 

5155.  You  suggest  that  it  does  not  require  further 
treatment  ? — No,  no ;  most  certainly  we  do  allow  that  it 
should  be  filtered. 

5156.  Then  we  are  to  look  upon  your  system  as  a 
system  of  precipitation? — Of  precipitation,  yes. 

5157.  Which  is  to  be  followed  by  some  other  system  of 
lime  treatment  or  artificial  filtration  ? — No  ;  pardon  me, 
there  is  no  other  treatment  wanted.  Our  system  is  a 
system  of  treatment  by  precipitation  plus  subsequent 
filtration  over  coke. 

5158.  Yes,  but  so  far  as  the  special  features  of  your 
system  are  concerned,  they  apply  to  the  first  stage  of 
the  treatment? — So  far  as  the  special  features,  the  pre- 
cipitation refers  certainly  to  the  first  stage. 

5150.  Then  we  are  to  look  upon  what  you  bring  before 
us  as  one  of  the  forms  of  precipitation  ?— -As  one  of  the 
forms  of  precipitation,  yes;  weD,  precipitation  with 
piurification  of  the  sewage  to  a  point  which  we  also  claim 
to  say  is  very  much  h^er  than  any  other  mode  of  pre- 
cipitation in  existence. 

5160.  I  see  that  you  suggest  in  certain  cases  you  can 
bring  by  simply  your  system  of  precipitation  from  aver- 
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Mr.       age  sewages  the  albuminoid  ammonia  down  to  *2  ? — Yes, 
r.  csittar.  ^<j„^  to  two  jMurte  per  1,000,000. 

6161.  -2  per  100,000  ?— Yes,  '2  per  100,000. 

5162.  From  what  strength  <^  sewage  do  jou  suggest 
that  tihat  might  be  done,  and  what  would  the  albuminoid 
ammonia  be  in  the  crude  sewage? — The  albuminoid  am- 
monia in  the  crude  sewage  at  Kingston,  from  which  we 
got  those  figures  from  an  average  of  daily  samples  taken 
every  fifteen  minutes  between  December  Tlth  and  22nd, 
was  12*46  parts  per  1,000,000. 

$163.  It  is  not  a  particularly  strong  sewage ;  it  is  a 
fair  average  sewage  ? — That  is  a  reduction  from  12*46  to 
the  average  which  we  get,  which  is  about  *2  parts  per 
milKon. 

5164.  But,  dearly,  even  the  effluent  containing  only  't 
per  100,000  albuminoid  ammonia  would  require  further 
treatment  by  either  land  filtration  or  artificial  filtration? 
--'In  the  event  of  the  standard  requiring  it  to  be  lower 
than  '2.  (Mr.  SUlar.)  Up  \o  tiiis  time  it  has  been  found 
sufficient  by  the  Thames  Conserratore.  It  has  passed  their 
requirements,  but  we  thought  it  better  to  supplement 
it  with  one  filter. 

5165.  Undoubtedly  you  would  fiave  subsequently  de- 
comipositioa  of  such  an  ^uent  oontaTning  that  amount  of 
albuminoid  ammonia  ?— (Mr.  Archibald.)  Well,  we  do  not 
seem  to  affectr— 

5166.  Have  ^u  tried  any  incubator  tests  9 — ^We  have 
not  tried  any  incubator  tests  ;  but  we  find  that  we  get 
such  a  much  better  result  by  filtration  over  one  filter, 
that  we  have  adopted  that  as  the  means  by  which  we  can 
purify  up  to  the  required  standard. 

5167.  Then,  briefly,  what  you  put  before  the  0ommi8< 
sion,  is  that  by  your  system  and  precipitation  you 
are  giving  better  results  in  regard  to  that  first  stage 
than  by  any  other  process  ?— Yes,  I  think  that  is  one  of 
the  main  points.  And  may  I  mention  another  point 
which  is  on  advantage,  because,  of  course,  we  daim  other 
advantages.  One  is,  that  by  means  of  the  value  of  the 
sludge  which  is  sold  as  manure  at  £3  lOs.  a  ton,  we 
are  enabled  to  charge  the  town  a  subsidy  which,  in 
most  cases,  is  below  i£at  of  the  expense  of  producing  any 
^uent  of  a  similar  character  by  ordinary  precipitation 
without  the  production  of  the  saleable  manure. 

8168.  (Professor  Bamsay.)  1  do  not  inow  if  it  i«  a  fair 
question  to  adt  you,  is  it  a  secret  process  in  any  senae, 
or  in  it  open,  to  say  what  you  put  into  the  crude  sewage  ? 
—No ;  the  patent — ^it  is  originally  a  patent  ppxjess  by 
which  certain  substances  which  are  principally  these  be- 
low, ore  put  into  the  sewage  and  used  as  precipitants  and 
abeorbents.  The  only  secret  at  present  is  that  the  com- 
pany, by  experience,  has  found  the  best  proportions  in 
which  to  use  those  materials,  and,  of  course,  that,  to  a 
certain  extent,  is  a  trade  secret  which  one  does  not  like 
to  tell  everybodv,  as  they  might  easily  use  it  themselves. 
I  may  say  that  in  name  of  the  coaipany— 

5169.  (Chairman.)  Of  course,  this  evidence  will  be 
publudied,  so  do  not  say  anything  you  do  not  want?  to  ? — 
No  ;  I  was  only  going  to  say  tiuit  the  company  had  no 
desire  to  withhold  any  of  these  points  from  the  Gom- 
missioQ  provided  it  would  be  not  piibligbed  explicitly  in 
the  Report. 

5170-1.  (Professor  Bamsay)  One  other  question  I  should 
like  to  ask  :  In  preparing  the  substances  for  manure,  is 
it  flold  as  such,  or  is  not  there  anything  else  intermixed 
with  it ;  do  you  mix  nitrate  of  soda  or  phosphates,  or 
anything  else  with  it  to  supply  the  particular  quality 
to  the  manure,  or  do  you  simply  use  it  as  such? — No. 
The  only  alteration  made  in  regard  to  the  treatment  is, 
when  the  sewage  varies  from  acid  ito  alkali,  ttiere  is 
a  slight  alteration  in  the  subetanoes  put  in,  Irat  this 
hae  nothing  to  do  with  the  manure.  It  aa  left  to 
the  ultimate  effect  (Mr.  SUlar.)  As  our  object  was  to 
prove  that  the  resulting  manure  has  agricultural  value, 
we  iiave  been  very  careful,  indeed,  to  add  nothing  to  it 
to  give  an  artificial  value.  If  we  were  to  put  in  an3rthing 
for  trade  purposes,  making  specified  manures  for  specified 
crops,  people  would  say  the  value  was  owing  to  that 
addition,  so,  on  principle,  we  have  never  done  it ;  the 
manure  we  sell  is  solely  the  purifyinii:  elements  put  in, 
in  addition  to  what  is  taken  out  of  the  sewage. 

5171  One  other  qu^jtion  I  should  like  to  put.  You 
run  your  effluent  into  the  Thmes,  I  think? — (Mn 
Archibald.)  Yes. 

6173.  Has  there  been  any  difficulty  at  all  with  the 
Thames  Conservancy  Board,  or  with  any  Authority,  as 
fegard^  the  effluent? — No  complaint  regarding  the 
effluent  at  Kingston  was  made  by  the  Thames  Conservancy 


before  1895.  The  works,  I  may  say,  were  in  operation 
in  December,  1888,  oo  that  for  seven  years  there  was  no 
oomplaint  made  by  the  Thames  Conservancy.  (Mr. 
SUlar.)  Then  they  raised  their  staivdard.  (Mr.  Archi- 
bald.) Their  new  Act  was,  of  course  you  -know,  passed  in 
1894,  and  they  began  to  raise  their  requirements,  at  all 
events,  if  not  their  standard,  and  they  have  complained 
once  or  twice  once  then  of  the  ^uent.  I  may  say  to 
you  I  have  got  a  list  of  the  effluents  made  by  the  Thames 
Conservancy. 

5174.  (Colond  Harding.)  We  have  heard  of  a  standard 
of  the  Thames  Conservancy  ;  do  you  know  what  it  is  ? — 
I  am  afraid  not ;  it  is  one  of  those  unknown  quantities 
which  nobody  seems  to  know.  We  have  a  sort  of  idea 
wliat  it  is  from  what  they  say  in  regard  to  the  anaJjoes, 
and  from  the  remarks  they  moke ;  ibut  th^  have 
different  standards  for  different  parts  of  the  river.  For 
below  intakes  they  have  one  standard,  for  above  intakes 
another,  for  below  intakes  and  above  locks  they  have 
another.  The  last  sample  that  I  have  on  this  list  1898, 
June  2&th,  2  albuminoid  ammonia  is  put  down  as  not 
a  bad  effluent ;  well,  that  is  just  about  the  average  that 
we  get.  Then,  when  they  get  up  to  4  oocasion&y,  or 
3,  or  thereabouts,  then  it  becomes  unsatisfactory.  And 
then  they  put  I'l  a  fair  effluent,  so  that  it  is  to  be 
inferred  that  "one"  is  a  fair  effluent — ^and  yet  in  another 
case,  I  may  say  2  is  put  down  here  as  a  fair  effluent. 


5175.  But  you  said  '2 

put  2    "vAFv  iinMLhififjiAfetf 


But  you  said  '2  was  not  bad? — ^Yes,  but  they 
very  unsatisfactory"  in  another  case. 

5176.  And  I'l  only  fair? — ^Yes.  One  cannot  exactly 
aiake  out  what  they  mean:  "June  1st,  1897,  2  a  fair 
effluent"  ;  then  ''June  25ih,  1900,  2  not  a  bad  effluent.'' 

5177.  There  has  been  no  filtration  in  your  case  ? — ^No  ; 
no  filtration ;  those  are  two  from  the  tanks.  Tben 
directly  the  complaint  occurred,  the  company  called  the 
attention  of  the  Kingston  authorities  to  the  fact  that  they 
should  put  down  a  filter,  and  they  have  been  trying  ever 
since  to  persuade  the  Corporation  to  put  down  a  filter* 
to  filter  their  effluent,  and  now  I  believe  the  Corpora- 
tion are  proposing  to  put  down  a  filter  forthwith.  That 
is  to  complete  the  worka,  because  when  the  company 
first  started  they  thought  that  the  tank  effluent  would 
be  good  enough  for  the  requirements,  and  it  was  gooil 
enough  for  the  requirements  ae  they  were  ;  then  since  the 
requirements  have  been  raised,  the  company  have 
naturally  called  upon  the  town  to  put  down  the  additional 
works  necessary  to  raise  the  standard  of  the  effluent 
to  the  standard  required.  That  was  in  their  original 
agreement ;  there  was  a  clause  in  ^eir  agreement  with 
the  Corporation,  whioh  is  rather  important;  because  it 
shows  that  the  company,  when  they  nret  started  in  1888 
to  take  over  the  works  at  Eangston,  foresaw  that  there 
might  be  a  'higher  standard  required,  and  they  provided 
against  it  by  this  clause :  — 

"  Provided,  nevertheless,  that,  if  by  reason  of  any  future 
Act  of  Parliament,  or  any  future  requirements  of  the 
said  Conservators  applicable  as  aforesaid,  it  shall  become 
necessary  to  make  the  effluent  water  as  produced  by  any 
such  process  of  the  Company  as  aforesaid  undergo  any 
further  or  additional  treatment  before  allowing  the  same 
to  flow  into  the  said  river,  and,  if  for  that  purpose  any 
additional  land  and  works  or  land  or  works  shall  become 
necessary  to  be  provided,  the  same  shall  be  provided  by 
the  Corporation  at  their  own  expense,  and  delivered  up 
to  the  Company  in  the  same  manner  in  all  respects  as 
new  or  additional  land  and  works  are  hereinafter  bv 
Clause  30  required  to  be  provided  and  delivered  up." 

That  is  to  say,  it  was  provided  for  that  there  should  be 
additional  works  if  necessary.  The  Corporation  have 
by  a  eupplementary  agreement  with  the  company 
agreed  to  put  down  such  additional  works,  and 
upon  their  agreeing  to  do  that,  the  company 
have  undertaken  to  guarantee  to  produce  an  ^uent 
with  a  certain  fixed  quantity  of  albuminoid,  which 
is  understood  to  be  satisfactory  for  that  part  of  the 
river.  The  amount  is  1;^  parts  per  1,000,000  ;  and  they 
can  easily  do  that  because  the  results  of  experiments  in 
filtration  at  Kingston  have  shown  that  the  tank  effluent 
passed  over  the  filters  produces  an  effluent  which  has  an 
average  of  albumin<Md  of  '77.  Well,  that  is  almost  haff 
what  is  required.  That  is  to  say,  the  tank  effluent  which 
has  an  average  of  2  is  reduced  by  ooke  filtration  to  *77. 
There  is  a  result  of  an  analysis  inade  'by  Professor  Dyer 
of  the  tank  effluent,  and  the  corresponding  filtrate,  which 
gives  very  much  the  same  figures.  This  is  another  one 
of  Dr.  Dyer^s,  which  gives  rather  different  figures.  You 
will  see  the  albuminoid  of  both. 

5178.  (Sir  Michael  Foster.)  Is  it  simply  a  coke  filter? 
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— 1%  k  simpij  %  coke  filter  worked  on  the  intermittent 
Xinneiple. 

5179.  For  what  T— Three  feet 

5180.  Hare  you  made  any  bacterial  examination  of  the 
effluent? — We  have  not  had  it  examined  for  bacteria, 
but  I  think  it  would  be  a  Terr  desirable  thing  if  examma- 
tions  could  be  conducted,  perhaps  by  the  Boyal  Commis- 
aion  on  that  subject.  It  is  rather  hard  for  us  to  examine 
^▼erything  bacterially,  but  certainly  the  action  on  this 
tank  effluent  in  that  filter  seems  to  be  just  as  good,  if  not 
better,  than  the  action  on  one  of  those  preliminary  bac- 
teriail  effluents. 

5181.  (Mr.  KiUiek,)  Do  you  know  the  rate  at  which 
the  water  is  passed  over  at  the  topT—The  actual  per 
fl^uare  yard  ? 

5182.  Per  day  ?— -Yes  ;  per  24  hours  about  310  gallons 
per  square  yard. 

5183.  (Professor  Eamsay.)  Do  you  know  if  any  at- 
tempt has  been  made  to  ascertain  whetEer  the  effluent 
would  putrefy  on  being  kept?  The  examination  by  Dr. 
Dyer  of  that  effluent  makes  it  appear  tHat  it  is  nitrified, 
and  therefore  is  not  liable  to  putrefaction.  Do  you 
happen  to  know  whether  without  filtering  through  the 
coke  bed  it  is  liable  to  putrefy  ?—WeU,  we  have  not 
tried  incubation  experiments. 

5184.  That  is  what  I  meant?--We  can  only  go  by  the 
general  results  of  the  albuminoids.  I  am  sure  {he  com- 
pany would  be  very  pleased  if  the  Royal  Commission 
would  examine  the  effluents  of  the  tanks,  and  the  filter, 
and  come  to  some  conclusions  themselTCs  on  this  point. 

5185.  (Sir  Michad  Foster.)  You  are  not  at  present 
negotiatingwith  any  town  with  the  view  of  establishing  your 

system  ?--Well,  yes,  we  are  negotiating,  but  it  is  rather 
difficult  when  everybody  thinks  of  a  boctexial  process  in 
some  form  or  another.  They  seem  to  think  they  can 
do  it  cheaper  in  that  way  than  they  can  through  us.  I 
think  myself,  of  course,  that  they  are  mistaken,  but  it 
is  rather  difficult  to  persuade  them  so,  and,  perhaps, 
the  bacterial  in  some  form  or  other  is  under- 
taken by  them  with  the  view  of  getting  rid  of 
the  sludge.  Of  course  the  very  thing  that  we  want  is 
the  shidge,  and  we  utilise  it,  and  take  it  out  of  the  sewage, 
but  their  idea  seems  to  be  that  it  will  disappear  through 
the  septic  tank  or  through  the  bacterial  filter.  I  may  say 
one  thiddg,  that  with  regard  to  this  filter  we  have  had  the 
filters  working  now  for  about  two  years,  and  the  effluent 
from  the  tanks,  as  it  does  not  contain  any  suspended 
matter,  or  at  least  any  appreciable  quantity  is  not  likely 
to  sludge  up  the  filter  in  the  same  way  as,  for  instance, 
in  the  case  of  a  septic  tank. 

5186.  You  have  not  had  to  renew  your  filters  at  all 
during  the  two  years  ? — Oh.  no  ;  we  have  had  the  capacity 
of  the  filters  measured,  and  they  come  out  like  this. 
They  are  small  filters  ;  the  original  water  capacity  when 
^rst  started — ^taking  the  coke  one  was  1,400  gallons,  and 
during  the  period,  one  year — eighteen  months ;  I  have 
got  the  dates  here — May,  1898,  it  was  1,400  gallons  ;  in 
November,  1899,  it  was  1,296  gallons  ;  and  in  June, 
1900,  1,166  gallons.  That  is  the  reduction  in  capacity 
80  far  as  we  can  ascertain.  Well,  that  only  amounts  to 
8  per  cent,  per  annum,  instead  of  1  per  cent,  per  week. 

5187.  (Colonel  Harding.)  What  solids  in  suspension 
have  you  in  the  tank  effluent  that  goes  on  to  that  filter  7 
— So  far  as  one  can  judge  from  analysis  none,  that  'js  to 
say,  the  analysis  does  not  give  any  appreciable  quantity. 

5188.  It  is  quite  brilliant,  quite  clear? — ^There  are  no 
solids  in  suspension,  I  think,  in  any  of  the  analyses  that 
have  been  given. 

5189.  Filtration  necessarily,  is  comparalively  easy? — 
Yes.  that  is  one  of  the  merits  of  tlie  system,  a  combined 
system  of  precipitation  with  filtration. 

5190.  (Major-General  Carey.)  Was  not  the  process 
tried  for  some  time  at  Aylesbury? — ^Yes,  it  was. 

5191.  And  they  have  ojiven  it  up  now,  have  th'>y  not  ? 
— ^They  are  not  using  it  at  the  present  moment,  and  if 
you  want  to  know  the  reason  I  think  the  history  of  it 
is  a  very  simple  matter,  if  you  would  just  allow  me  to  rei'er 
to  it,  as  you  ask  ;  I  can  tell  you  in  brief.  I  may  say  that 
the  secretary  will  refresh  my  memory  if  I  am  wrong  in 
dates.  The  company  first  undertook  the — ^perhaps  Mr. 
Sillar  will  give  you 

5192.  (Sir  Michael  I^o«ter.)  Might  I  ask,  did  vou  pro- 
pose the  same,  or  similar  ternis  to  Ayle.^))iiry,  that  is  to 
say,  that  you,  upon  a  suhsiiy  took  all  their  sewage  ?— 
Yes  ;  but  the  amount  of  the  subsidy  then  was  very  much 
smaller  than  the  amount  that  is  charged  now,  because  it 
was  supposed  at  that  time  that  it  could  be  done  cheaper, 


and  it  was  before  the  company  thoroughly  understood  Mr. 
the  expense  of  the  process.  I  t^ink  Mr.  Sillar  will  agree  ^'-  <^'^msr* 
with  me  in  that  The  Aylesbury  people  gave  us  a  sub-  ao  Jnat 
sidy  of  about  £250  a  year  the  whole  time,  and  during  the  iMo. 
whole  time  of  diat  working  they  held  money  of  ours  as  a 
guarantee  that  if  any  nuisance  of  any  kind  were  brought 
against  them  we  should  pay  the  expense.  They  had  alw>  a 
quantity  of  land  in  case  further  treatment  was  necessary. 
They  never  had  occasion,  they  never  were  called  upon  to 
use  the  land,  never  any  complaints  were  made,  and  the 
consequence  was  when  we  retired  from  Aylesbury  the 
money  was  returned  to  us,  which  they  had  held  in  case 
an  action  was  raised  against  them.  During  the  yeara  we 
went  there  we  were  learning  our  lesson  ;  we  did  not  work 
as  economically  as  we  might,  and  the  consequence  was  that 
there  was  a  continual  loss  upon  the  working,  and  we  have 
got  a  list  of  figures  here ;  sometimes  we  have  lost  as 
much  as  £1,400  a  year,  and  someiimes  we  have  lost 
about  £500  a  yMr*  and,  therefore,  when  the  Ayles- 
bury pec^le  wished  to  know  whether  we  would  renew 
it  we  offered  to  continue  it  on  the  same  terms  provided 
they  would  raise  their  subsidy  to  cover  our  annual  loss, 
so  that,  though  we  should  not  make  any  money  out  of 
themi  we  should  not  wieh  to  lose  any  money  Iby  them. 
They  thought  they  could  do  it  more  reasonably  them- 
selves, therefore  we  parted  company  with  them,  and  re- 
moved our  staff  and  our  worke  to  Eor^ton.  The  last  year, 
I  have  got  a  memorandum  here,  we  lost  £^00  a  year  by 
Aylesbury,  so  that  the  proposition  we  made  to  them  was 
that,  as  they  had  already  jMud  us  £SSO,  adding  that 
£500  to  it  "£800,  we  would  continue  work  for  £800, 
but  they  preferred  to  try  the  experiment  themselves, 
and  they  are  trying  it,  but  whether  they  will  succeed  or 
not  is  another  question. 

5193.  (Professor  Ramsey.)  That  is  a  considerable  time 
ago? — ^Yes,  about  twelve  years  ago,  when  we  went  to 
Kingston,  and  removed  our  staff  and  our  operations  to 
Kingston. 

5194.  Aylesbury  is  not  going  in  for  this  trealtment  now  1 
— We  worked  for  14  years  at  Ayleefeury,  andgotannud 
reports  from  them  of  their  entire  satisfaction  with  every- 
thing that  was  done.  It  was  only  a  question  of  £  s.  d. 
that  we  differed  on  at  the  end ;  since  t£en  they  have 
offered  and  asked  us  tb  go  'baoik  on  those  terms,  but 
there  has  been  such  a  great  increase  in  the  expense  of 
coal  and  chemicals  that  we  were  not  quite  satisfied,  and 
we  were  satisfied  with  Kingston.  (Mr.  Archibald.)  I  be- 
lieve I  may  supplement  what  Mr.  Sillar  says,  that  if  we 
had  charged  Aylesbury  the  subsidy  at  the  same  rate  as 
we  do  at  Kingston  on  the  usual  IxEuns  on  which  the  com- 
pany has  now  arrived  at,  that  would  Jfee  about  the  figure 
which  would  cover  the  whole  thing,  and  render  it  possible 
to  work  it.  (Mr.  Sillar.)  It  should  pay ;  it  would  not 
pay  very  much.  (Mr.  Archibald.)  But  then  we  would 
not  lose  money  by  it ;  very  little  above  the  figure  which 
was  offered  at  the  end,  and  which  would  cover  the  loss  in 
fact  that  was  made  there. 

5195.  (Chairman.)  I  suppose  we  have  nothing  to  do 
but  communicate  with  you,  and  you  will  let  us  come  down 
and  make  our  own  investigation? — Oertainly. — (Mr. 
Sillar.)  We  should  like  some  of  our  representatives  to 
be  present  in  case  information  was  wanted. 

5196.  Of  course,  the  secretary  will  communicate  with 
you  beforehand  l—-(Mr.  Archibald.)  To  let  us  know  the 
time  that  you  would  come. 

5197.  Yes.— <3f  r.  Sillar.)  1  should  wish  the  Oommis- 
«ion  to  know  that  we  have  no  secrets,  and  everything  we 
are  doing  ;  we  shall  be  perfectly  open,  our  books  w3l  be 
open,  everything  we  possess  will  be  at  your  service  ; 
our  abject  is  that  it  should  <be  known  of  what  the  pro- 
reas  is  capaible  and  what  it  can  do. 

5198.  (Sir  Michael  Foster.)  Is  your  manure  j^pld  all 
over  the  country  you  say  ?— (Mr.  Archibald.)  Yes.  "(Mr. 
Sillar.)  Not  only  all  over  the  country,  but  quantities 
have  been  sent  to  the  South  of  Europe,  Barbadoes,  and 
it  has  gone  all  over  the  world. 

5199.  (Professor  Bamsey.)  And  do  you  get  more  de- 
mand for  it  than  you  can  supply? — ^That  depends  ;  we 
would  if  we  invited  more  :  twice  in  my  experience  the 
demand  exceeded  the  supply,  to  the  iniury  of  our 
market,  and  therefore  we  dare  no£  (Mr.  SiUar.)  1  am 
quite  sure  if  we  increase  our  adverfieing  we  should  not 
be  able  to  supply  the  demand.  Last  year  we  sold  a  great 
deal  more  than  we  made,  and  we  made  such  an  inroad 
into  our  stocks  that  we  were  dangerously  low. 

5200.  (Sir  Michael  Foster.)  Is  it  used  for  any  par- 
ticular soil  or  any  particular  crops  ? — It  is  better  on  dome 
soils  than  others.  There  is  a  great  deal  of  day  in  it.  (Mr. 
Archibald.)  These  are  pamphlets,  which  will  show  what 
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Mr.       AoilB  it  ifl  naed  on.    {Mr.  Sillar.)  We  have  84  annual 
W,  c.  SiUar.  gtfttemmita,  with  the  rqjorte  of  farmers.       I  think  we 
A)  June     hare  brought  three  or  four  of  them.    If  you  acdc  a'boot 
1900.       the  reet,  tiiey  are  avaihible,  being  the    reports    of  the 
actual  farmers  who  have  actually  used  'the  native  guano. 
(Mr.  ArMhald.)  With  the  different  results.    We  must 
show  what  the  formers  tiiink  of  it,  and  show  the  ad- 
vantage to  the  qaalities  for  which  it  is  used.     They  are 
all  lajbelled  down  here.    (Mr,  SiUar.)  At  the  end  of  the 
year  we  send   to   every  one  who  purchased  itf  asking 
them,  on  public  grounds  to  give  us  an  account  of  their 
experience  of  it,  and  they  send  us  the  reports  which  we 
print. 

6201.  (Professor  Bamsay.)  Just  one  other  question; 
the  sewage  of  Kingston,  of  course,  is  purely  domestic 
sewage  I — ^Tes. 

6202.  Do  you  profess  to  treat  trade  effluents  or  not,  or 
deal  with  domestic  sewage? — Well  there  are  breweries 
and  gas  works  in  Kingston  ;  so  far  it  is  not  pure  domestic 
sewage,  But  in  Leeds  and  Bolton,  and  in  other  places 
where  we  were  working,  there  was  a  great  deal  of  coaiae 
trade  refuse,  but  we  never  found  anv  difficulty ;  in  fact  I 
have  an  experience  of  that.  Sir  William  Crookes,  who 
took  a  great  interest  in  us  in  those  itmes,  ascertained 
whether  or  not  what  we  call  our  ABO  was  capable  of 
dealing  with  the  peculiar  refuse  from  manufactories. 


8203.  (Sir  Michael  Foster.)  What  manufactories 
In  -Leeds  it  is  everything  woollen,  and  so  he  sot 
samples  of  the  sewage  horn  everyone  of  them,  and  he 
found  that  the  ABC  process  was  capable  of  dealing 
with  it.  But  when  he  had  finiidied,  ana  he  had  put  all 
his  samples  into  one  reservoir,  he  found  that  their  action 
was  very  peculiar;  one  counteracted  the  other,  and  i^e 
whole  in  combination  was  much  more  easily  treated  tiian 
they  were  individually,  so  he  said  there  was  not  the 


slightest  difficulty  or  danger  in  undertaking  the  treat- 
ment of  any  town,  however  complicated  its  sewage  might 
be.  {Mr.  Arekihald.)  I  may  say  I  have  a  letter  here 
from  Mr.  George  Tatham,  the  chairman  of  the  Council  of 
Leeds,  in  which  he  refers  to  this  very  |)oinft.  The  sewage 
of  Leeds,  as  is  well  known,  is  very  dii£cult  to  treat  on 
account  of  the  waste  products  which  are  mixed  with  the 
ordinary  commercial  sewage,  and  He  says 

6204.  What  date  is  that?— This  is  29th  February  1876. 
And  also  he  says  here  in  another  statement :  *%  George 
Tatham,  of  Leeds,  in  the  county  of  York,  an  alderman 
and;  chairman  of  the  Streets  and  Sewerage  Committee  <tf 
the  Council  of  the  said  borough,  at  the  request  of  the 
Kative  Guano  Company,  hereby  certify — 

"  1.  Hiat  the  town  of  Leeds  has  disinfected  a  part 
of  the  sewage  of  the  town,  and  are  about  completing 
works  to  disinfect  the  whole  of  the  sewage  by  means 
of  the  'ABC  process. 

"2.  TEat  the  effluent  water  produced  by  the  pro- 
cess is  suAciently  pure  to  be  allowed  to  flow  into  the 
river  with  the  assent  of  the  authorities. 

"3.  That  the  whole  of  the  process,  including  the 
preparation  of  the  native  guano,  is  performed  without 
offensive  odour  or  nuisance. 

''(Signed)      Gxobge  Tathi.^. 
"September  22nd,  1875." 

6206.  (Colond  Harding.)  That  is  Ihe  opinion  of  the 
chairman  of  the  committee  ?— Tes. 

6206.  (bSftr  Michael  Foster.)  Have  you  had  any  pro- 
posals from  America  to  make  use  of  your  process?—!^,  I 
do  not  think  so. 

(Chairman.)  Thank  you  very  much.  1  do  not  think 
we  need  detain  you  any  longer. 


Mr.  Hugo  Wollhedc,  called;  and  Sxamined. 


Thb  ''Amines"  Psogess. 

Mr.  H.         0)  Description. — Improved  method  of  treating  and  dis- 
Wodhehn.   posing  of  sewage,  including  any  liquid  from  ai^  factory 
—       or  manufacturing  proce8s.    Patent  No.  1532X/88. 

My  invention  relates  to  a  new  gaseous  reagent,  to 
which  the  name  '^Aminol"  has  been  given,  and  which 
has  been  found  to  be  antagonistic  to  the  existence  and 
propagation  of  every  species  of  bacteria  occurring  in  sew* 
age  and  other  foul  or  waste  liquids.  It  is  produced  by 
the  action  of  alkalies,  such  as  lime,  on  certain  organic 
bases  belonging  to  the  chemical  group  of  ''amines,"  e.g.^ 
tri-methyl-amine  (C.H.')3  N.,  and  which  arei  rontained 
in  many  objects  occurring  in  Natture,  and  also  in  some 
waste  products.  In  the  "Amines"  process  the  reagent 
is  Induced  by  mixing  with  milk  of  lime  a  small  quantity 
of  the  waste  brine  from  the  curing  of  herrings,  herring 
brine  being  at  present  the  cheapest  and  most  abundant 
waste  product  available,  and  which  will  yield  the  organic 
bases  referred  to  in  sufficient  quantity  for  all  require- 
ments. The  process  is  applied  in  the  same  manner  as 
precipitation  processes  generally,  viz.,  by  adding  the  said 
mixture  of  milk  of  lime  and  herring  brine  to  the  sewaga 
during  its  flowing  to  the  settling  tanks ;  it  can  therefore 
be  applied  at  the  very  shortest  notice,  and  without  any 
additional  plant  at  any  existing  works,  where  there  is 
proper  tank  accommodation. 

(2)  Advantages. — ^The  main  and  distinctive  advantage 
which  I  claim  for  my  process,  and  from  which  other  ad- 
vantages follow  as  a  matter  of  course,  is  :  that  it  accom- 
plishes complete  "sterilisation."  The  "Amines"  efflu- 
ent is,  therefore,  non-putrescible  ;  it  cannot  pollute  or 
contaminate  watercourses  or  subsoil  water,  nor  can  it, 
when  used  for  irrigation,  spread  infection  by  causing  germs 
of  disease  to  adhere  to  roots  or  leaves  of  plants.  The 
"Amines"  sludge  is  also  non-putrescible,  even  under 
prolonged  exposure  to  the  most  varying  climatic  condi- 
tions. This  feature  opens  up  avenues  for  its  utilisation 
which  are  closed  to  sludges  liable  to  putrefactive  change ; 
whatever  it  possesses  of  fertilising  properties — and  tiiey 
are  not  inconsiderable,  since  it  contains  all  the  phosphates 
of  the  sewage  treated  and  a  considerable  portion  of  its 
ammonia — ^is  not,  as  is  the  case  with  putrescible  sludges, 
wasted  by  fermentation. 

(3).  Grounds  upon  which  Advantages  Claimed  are  Sup- 
ported.— 'My  claims  stand  fully  corroborated  by  the  results 
of  exhaustive  investigations  carried  out  by  Dr.  E.  Klein, 
r.R.S.,  by  Major  Chas.  E.  Oassal,  F.LC.,  public  analyst, 
and  by  other  eminent  and  independent  experts.  From 
the  several  published  official  reports  in  my  possession,  full 
copies  of  which  can  be  furnished  if  desired,  I  giv<?  the 


foUowing  extracts,  and  I  append  a  complete  chemical 
analysis  of  the  "Amines"  effluent  (from  the  trial  at  Sal- 
ford  referred  to  under  the  head  of  *'  Cost"),  and,  further, 
a  few  extracts  from  testimonials  regarding  the  practical 
results  obtained  in  farming  and  gardening  with  the  sludge 
(pressed  cake)  produced  by  the  Wimbledon  authority  in 
the  treatment  of  their  sewage  with  the  "Amines"  pro- 
cess (the  quantity  of  sludge  cake  used  in  the  Essex  trials 
amounted  to  many  barge  loads). 

Extracts: 

From  Klein's  report,  dated  Februaiy  15th,  1889,  on 
the  results  of  experiments  at  the  Ctoninir  Town  Sewaffs 
Works  (West  Ham)  :—  ^ 

"Sample  No.  1  (sewage)  contained  2,400,000  organ- 
isms per  cub.  cent. ;  sample  No.  4  (effluent)  con- 
tained none.  As  regards  sample  No.  4  (effluent), 
this,  containing  no  demonstrable  micro-organ- 
isms, could,  therefore,  on  its  discharge  into  a 
river,  cause  no  increase  of  the  microbes  already 
present  in  such  river." 

From  Klein's  report,  dated  Jidy  22nd,  1889,  on  the 
results  of  experiments  at  the  Wimbledon  Sewage  Works  : 
'*  Staple  No.  1  (<!rude  sewage).  The  number  of 
microbes  in  it  averaged  768,000  per  cub.  cent 
Sample  No.  3  (effluent).—This  had  also  been 
divided  into  two  parts,  one  of  which  was  kept  in 
the  glass-stoppered  bottle,  the  other  transfeired 
to  a  bottle  plugged  only  with  sterile  cotton  wool. 
Both  divisions  were  subjected  to  three  consecu- 
tive tests  by  gelatine  plates,  viz.,  after  twenty- 
four  hours,  after  three  days,  and  after  six  days. 
Every  one  of  these  plates  ehowed  an  entire  ab- 
sence of  microbes  ;  the  effluent  must,  therefore, 

be  pronounced  to  be  sterile In  eoc 

elusion  I  would  say  that  the  powerfui  antiseptic 
and  disinfectant  properties  of  your  treatment^  as 
shown  by  its  effect  upon  the  organisms  present 
in  sewage,  leads  me  to  suggest  the  importance 
of  carrying  the  investigation  a  step  further,  viz., 
to  determine  its  effect  on  specific  micro-organ- 
isms, such  as,  for  instance,  bacillus  anthracis, 
the  cholera  comma  baciHus,  the  typhoid  bacillus, 
the  pneumonia  bacillus,  and  othexs." 

From  Klein's  report,  dated  May  16th,  1890,  on  special 
experiments  on  cholera  microbes  : — 

"The  result  of  the  experiments  of  the  "Amines" 
treatment  of  Koch's  cholera  microbe  was  this: 
That  by  that  treatment  the  life  of  the  microbe 
is  completely  destroyed." 
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From  Klein's  report,  dated  August  5th,  1801,  on  .samples 
from  the  trial  at  the  Mode  Wheel  Sewage  Works,  Salf oid  : 

"After  one  week's  incubation  the  following  was 
found :  Sample  No.  1  (filtered  effluent)  contained 
innumerable  colonies,  except  a  dozen  ox  so  of 
laigiah  white  colonies,  all  the  others  (uncooiit^ 
able)  were  c^  one  kind — smsll,  grey,  non-liquefjr- 
ing;  compared  with  sample  No.  2  (unfiltered 
effluent),  I  am  of  opinion  that  the  filter  has 
added  to  the  effluent  an  unaccountable  nunvber 
of  bacteria  of  one  and  the  same  species. 

*'  Sample  No.  2  (unfiltered  effluent)  contained 
ten  colonies,  amongst  them  two  moulds,  for  one 
whole  cubic  centimetre;  therefore,  only  eight 
bacteria  being  present,  it  may  justly  be  said  that 
the  effluent  was  practically  sterile. 

"  Sample  No.  3  (river  Irwell  water  above  the 
intake)  contained  on  average  80  to  100  thousand 
bacteria  per  1  c.c. 

**  Sample  No.  4  (Pendleton  sewage)  contained 
above  ten  millions  per  1  c.c." 

From  Oassal's  report,  dated  March  15th,  1890,  on  the 
results  of  his  investigations  carried  out  at  various  timee 
and  places : — 

''  I  have  undertaken  an  investigation  of  the  '  Amines  ' 
process  for  the  treatment  of  sewage.  The  pro- 
cess has  been  repeatedly  worked  in  my  presence 
and  under  my  control  at  the  Wimbledon  Sewage 
Farm  and  elsewhere,  and  from  the  results,  which 
have  been  obtained  under  these  circumstanceSy 
and  those  which  I  have  arrived  at  up  to  the 
present  time  upon  the  smaller  scale  in  my  labo- 
ratories, I  am  in  a  position  to  report  generally 
upon  the  process.  The  process  essentially  con- 
sists in  the  treatment  of  sewage  with  a  precipi- 
tant composed  of  milk  of  lime  and  herring  brine, 
or  of  milk  of  lime  with  certain  organic  bases 
known  to  be  present  in  herring  brine,  bv  tho- 
roughly agitating  this  'precipitant'  (added  in 
certain  proportions)  with  the  sewage,  and  allow- 
ing the  sludge  produced  to  settle  in  tanks.  The 
scope  of  my  investigation  has  been  to  determine 
whether  by  the  application  of  this  process  the 
following  results  were  obtained: — 

"1.  Clarification,  rapid  subsidence,  and  re- 
moval of  offensive  odour. 

**  2.  Removal  of  a  substantial  part  of  the 
organic  matter  contained  in  the  sewage. 

"  3.  The  production  of  an  effluent  free  from 


micru-organidms,  or  'sterile,'  and  con- 
sequently not  liable  to  putrefaction,  and 
in  which  this  condition  was  maintained 
for  any  lengthened  period,  and  whose 
degree  of  alkalinitv  was  within  the  limit 
su^eated  by  the  Itivers  Pollution  Com- 


Mr,H. 

20  June 
1  00. 


mission. 


**^.  The  production    of 
sludge.  .    .     . 


a    non-putrescible 


'*  As  the  result  of  my  examination  of  the  '  Amines ' 
process,  I  consider  that  the  points  set  forth  in 
this  report  have  been  fully  established.  .  .  . 
I  am  of  opinion  that  the  process  is  likely  to 
prove  of  considerable  value.  The  great  impor- 
tance of  the  results  stated  should  be  sufficiently 
obvious,  and  I  consider,  further,  that  in  the 
public  interest  every  facility  should  be  given  for 
tiying  it  on  the  largest  possible  scale." 

From  Cassal's  report,  dated  August  17tfi,  1891,  cit 
samples  from  the  trial  at  the  Mode  Wheel  Sewage  Works, 
Salford:  — 

"The  results  of  my  investigations -into  the '  Amine» ' 
process  have  been  reported  from  time  to  time, 
and  the  analytical  data  now  obtained  serve  to 
confirm  the  analyses  made  and  the  conclusions 
arrived  at  by  me  upon  previous  occasions.  Clari- 
fication and  the  removal  of  a  substantial  part  of 
the  organic  matter  have  been  satiafactorily 
effected,  and  no  objection  can  possibly  be  taken 
to  the  alkalinities  of  the  effluents.  The  analysis 
of  the  effluent  after  filtration  (B)  shows  thai 
while  the  total  solid  matter,  the  chlorine,  and 
the  alkalinity  have  been  lowered  by  the  filtration 
process  (compare  with  analysis  of  Effluent  A), 
the  amount  of  organic  matter  kk  solution  has 
been  but  slightly  lowered,  and  I  therefore  do 
not  consid!er  that  the  effluent  has  been  appreci- 
ably improved  by  the  particular  form  of  filtra- 
tion to  which  it  was  subjected.  Inaonmch  as 
^e  'Amines'  process  produces  a  'sterile' 
effluent,  there  is  no  special  advantage  to  be 
attained  by  the  application  of  any  ordinairy  fil- 
tration lK>  it — a  fact  which  I  have  pointed  out 
and  dealt  with  more  fuJJy  in  a  previous  report. 
Dr.  Kiein  having  undertaken  the  bacteriolo- 
gical examdnaition  of  these  samples,  I  have  not 
made  any  experiments  in  this  <i6rection.  I  nwy 
mention  that  iftie  samples  of  effluent  have  re- 
mained up  to  ih-e  present  date,  undecompoaed 
and  inoffensive." 


Analytical  Repeot  on  Two  Samples  of  Sewage  and  One  Sample  of  Water  from  the  Kivek  Irwell  taken 

at  Salford,  and  received  from  the  "  Amines  "  Rindicate  on  29th  Julv  1891. 


Name  of  Sample. 


Appearance  in  Porcelain  Vessel,  one  inch 

in  depth. 


Solid  Matters,     f  Z^Juiliu 
^1514. A  c i«^-  Volatile 


Unfiltered  Samples 

Solid  Matters, 
Filtered  Samples 


Fixed 
f  Total 
Volatile 
Fixed 


Total  Suspended  Matter     - 
Chlorine  as  Chlorides .... 
Equivalent  to  Common  Salt 
Nitrogen  as  Nitrates   .... 
Saline  or  Free  Ammonia     - 
Organic  or  Albumenoid  Aninionia 
Oxygen  absorbed  from  Permanganate 

a.  15  minutes  30°  C.     - 

6.  3hour8  30oC.  -        -        .        - 


1. 

Pendleton  Sewage 
11  A.M.  27-7-91. 


Very  Turbid.  Opaque. 

Deep  bluish- mack 

colour. 


2. 

Sal  FORD  Sewaue. 

11  A.M.  27-7  91. 


Very  Turbid. 
Bliiish-bla<'k  colour. 


249-2 

12($-4 

122-8 

74-8 

37-2 

37-6 

174-4 

14-0 

23 -W 

0-0 

S}\  -4 

22-8 

171-34 
277  •« 


124-4 
42*2 
82-2 

llH-8 

28-4 

88-4 

7-« 

39-r> 

00 

18-04 

4-04 

41-79 
75-82 


3. 

KiVEK  Ikwkll  Water. 
Above  outfalU  1 1  a.m.  27-7-91. 


Somewhat  Turbid. 
Vellowish-brown  colour. 


77-6  parts 

lier 

liiimlred  thousand 

20  0 

»» 

« • 

)) 

57 -f) 

«. 

>• 

f ) 

m-i) 

>« 

t» 

»9 

17-H 

.« 

» » 

it 

48-4 

.. 

»• 

If 

11*6 

»» 

1' 

f  f 

11-5 

»« 

»• 

If 

18-94 

»• 

• » 

»» 

0-0 

•1 

» > 

)» 

7-61 

])art 

»*  pel 

niillinii. 

3-28 

>} 

'» 

17-31 

»• 

.« 

37-31 

«• 

t» 

Laboratory,  Mount  Street,  London,  W.,  11  th  August  1891. 
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Analytical  Report  on  Two  Samples  of  "  Amines  "  Effluent  taken  at  S 
Received  from  the  "Amines"  Syndicate  on  29th  July,  1891. 


Name  of  Sample. 

A. 

Unfiltbked  Effluent. 
1.30  P.BL  27-7-91. 

B. 

Filtered  Effluent. 
1.30  P.M.  27-7-91. 

Appearance  in  Porcelain  Vessel, 
one  inch  in  depth. 

Clear  and  Bright 
Colourless. 

Clear  and  Bright.     Colourless. 

Total  Solid  Matters 

a.  Volatile  (loss  on  ignition) 

b   Fixed 

dhlorine  as  Chlorides 

Equivalent  to  Common  Salt 

Nitrogen  as  Nitrates 

Saline  or  Free  Ammonia 

Organic  or  Albumenoid  Ammonia         .... 
•Oxygen  absorbed  from  Permanganate  :— 

a,  15  minutes  30«  C. 

6.  3hourR30»C. 

Alkalinity  as  CaO. 

86-8 
27-8 
69-0 
26-5 
43-64 

0^ 
24-1 

3-64 

12-53 
34-47 
14-0 

66*0  parts  per  hundred  thousand. 

18*4           „               „                 ,, 

47-6           „               „                 „ 

220 

36*23        ,f              19                „ 

0-0          „             „               ^ 
24-1  parts  per  million. 

3  0 

10-29        „ 
27-46        „ 
5*6  parts  per  hundred  thousand. 

Laboratory,  Mount  Street,  London,  W.,  17^A  August,  1891. 


CHARLES  E.  CASSAL. 


From  the  report  for  1880-90  to  tbe  Local  GoYemment 
Board,  by  Evelyn  Pocklington,  Esq.,  M.RO.S.  (Medical 
Officer  of  Health  to  the  Wimbledon  Local  Board)  :— 

''Sewage  Treatment — ^For  more  than  six  months 
during  the  year  the  sewage  has  been  treated 
with  a  mixture  of  two  tons  of  iime  and  one-fifth 
ton  of  herring-brine,  per  million  gaiUons  of 
sewage  treated,  known  as  the  'Amines'  process, 
which  'has  proved  a  great  success.  The  process 
^as  a  maorked  effect  in  rendering  inodorous  adl 
die  pcoduots  of  iihe  treatment.  The  crops  irri- 
gated wi!th  the  effluent  are  quite  as  luxurious 
as  those  in  the  case  of  previous  treatment,  while 
the  cost  of  such  treatment  is  not  in  excess  of 
that  of  lime  and  alumina.  The  men  employed 
in  cleaning  the  tanks,  pimipe,  weUs,  etc.,  find  a 
great  benefit  since  the  process  has  been 
adopted. 

From  a  paper  read  before  the  Oi<vil  and  Mechanical 
Engineer's  Society,  on  the  5th  February,  1890,  by  0. 
H.  Cooper,  Esq.,  Asaii^tant  (now  Chief)  Engineer  to  the 
'Wimbledon  Local  Board  : — 

''In  the  'Amines'  process  a  mixture  of  Idme  and  an 
'Amine'  (ammonia  compound)  is  added  to  the 
sewage  before  it  enters  iihe  settHng  tanks  in 
which  the  sludge  is  deposited',  the  'amine' 
being  supplied  with  other  substances  in  the 
form  of  herring  brine.  The  proportions  in  which 
these  re-agento  are  added  average  2^  ions  of 
'Hme  and  onenfifth  ton  of  brine  to  a  million 
gallons  of  sewage.  By  the  addLtion  of  so  large 
an  amount  of  lime,  the  glutinous  nature  of  the 
sludge  precipitated  is  destroyed,  so  that  it 
can  be  pressed  without  a  further  addition  of 
lime.  A  layer  of  this  sludge  nine  inches  deep 
lo0t  75  per  cent,  of  its  bulk  while  exposed  in  a 
pit  for  three  weeks  during  September  last. 
The  cloths  used  in  the  filter-presses  last  longer 
when  pressing  "amines"  sludge  than  in  the 
case  of  ordinary  sludge,  to  which  hot  Hme  has 
'been  added*.  The  cHiuification  of  the  'effluent' 
in  this  process  is  remarkable,  for  in  almost 
every  instance  within  26  minutes  after  the 
sewage  is  admitted  onto  the  tanks,  ike  super- 
natant liquid  from  which  the  sludge  has  pre- 
cipitated is  transpaflrent  to  a  depth  of  nearly 
six  feet.  A  great  point  in  the  'Amines'  pro- 
cess is  the  i9)8ence  of  unpleasant  smell  &om 
the  tanks,  effluent,  sludge,  or  e^en  press 
Qiquor.  These  products  have  'been  kept  for 
months,  and  exposed  to  most  tr3ring  tests 
without  any  sign  of  decomposition  or  bad 
smeH.  IMany  persons  have  thought  that  the 
antiseptic  properties  of  tho  effluent  and 
sludge  would  render  them  injurious  if  applied 
to  growing  crope,  but  after  a  trial  of  four 
months  on  the  Wimbledon  sewage  farm  no 
bad  effects  have  been  noticed.*' 

CosU — ^Neither  the  initial  cost  nor  the  working  ex- 
penses can  possibly  suffer  any  increase  by  the  addition 


of  the  herring  brine  to  the  milk  of  lime.    On  the  other 
hand  it  is  plausible  that  a  saving  can  be  affected — 

(a)  In  Tank  Space. — On  account  of  the  rapidity  of  ths 
clarification,  which  favours  the  working  of  the 
process  on  the  continuous  overflow  system. 

(6)  Li  Labour. — On  account  of  the  inoffensive  character 
of  the  sludge,  which  obviates  the  necessity  of 
frequent  removals. 

(c)  In  Filtering  or  Irrigating  Area. — On  account  of  tlie 
entire  freedom  of  the  effluent  from  any  suspended 
matter  whatsoever. 

As  to  the  remaining  item,  which  goes  to  make  up 
the  cost  of  the  process  (apart  firom  a  possible  retuzn 
from  utilization  of  its  products),  viz.,  the  q-uantities  and 
cost  of  the  materials  used,  that  depends,  of  course  on 
the  nature  of  the  sewage  to  be  treated,  and  on  the 
prices  of  materials  ruling  in  the  respective  localities. 
Li  this  respect  I  cannot  give  a  clearer  indication  than 
by  referring  to  the  two  following  very  conclusive  ex- 
periences with  the  process  in  actual  extensive  and  pro- 
longed working,  viz.,  the  two  weeks^  trial  at  Salfoid, 
and  the  permanent  application  at  Wimbledon.  These 
two  instances  represent  a  wide  difference  in  the  nature 
of  the  sewages,  and  also  in  the  ruHng  price  of  lime 
(that  of  the  herring  brine  being  practically  equal  in 
both). 

Salford. — ^The  trial  of  the  "Amines"  process  took 
place  in  1891,  in  midsummer.  The  entire  flow,  about 
7,000,000  gallons  daily,  waa  treated  in  ccmtiniiity  fortW'* 
weeks,  ending  on  the  27th  July.  The  nature  of  the 
sewage  i^  thus  fitly  described  on  page  60  of  a  printed 
report  issued  by  the  Corporation  in  January,  1891 : — 

"Wlien  the  two  sewages  (that  from  Salford  and 
that  from  Pendleton)  are  mixed  together  in 
about  the  proportioD  m  which  they  normally 
B<yw  into  the  Mode  Wheel  Woi\s,  they  con- 
stitute one  of  the  worst  combinations  idiich  a 
corporation  could  have  to  deal  with." 

The  following  quantity  figures  are  those  officiaCj 
given  by  the  Borough  Engineer,  confirmed  by  the 
referee  chemist  to  the  Corporaition,  and  accepted  by 
me,  as  closely  agreeing  with  the  determinations  of  my 
own  engineer.  They  are  interesting  i^so  with  regard 
to  the  quantily  of  sludge  produced.  The  cost  of 
materialls  used  figures  out  at  £1  15e.  per  1,000,000 
gallons -a  trifle  over  fd.  per  1,000  gallons,  lime  being 
10s.,  and'  herring  brine  50b.  per  ton. 

The  tc»tal  qiuntity  of  :— 

Sewftffe  treated  was  84.62S,S00  gallona. 
QnickJiaie  cued  was  120  tons  la  cwts.  8  qrs. 
Herring  brine  used  was  SI  tons  10  cwts.  S  qn 
Sludge  produced  was  2,816  cubic  yards,  bj" 

measurenieut. 
Wet  sludge  produced  was  2,211  tons  3  cwts. 

by  weight 

Dried  at  212^  F.  (the  moisture  being  about  02  per  cent),  this  would 
give  about  177  tons  dried  sludge,  which  as  pressed  cake  (with  50  per  cent, 
moisture)  means  364  tons,  or  about  4  J  tons  per  1,000,000  gallons  sewsge 
treated. 

Wimbledon. — (Sewage      mo^ytly*     domestic;     averags 
daily  dry  weather  flow  about  600,000  gallons.)    Here 


««  22^  grains  per  gallon 

™^  4  .,  „ 

=  0*67  per  cent. 

about   28    tons   per 
1,000,000  gallons. 
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the  process  was  adopted  in  its  entirety  in  1860,  and  re- 
mained in  operation  with  officially  acknowledged  nn- 
vaiying  success  tii£l  the  end*  of  688.  The  sewage  farm, 
comprifiing  73  acres,  was  irrigated  with  the  tank  effluent 
and  manured  with  the  sli^ge  (pressed  cake).  The 
official  report  of  th«  Urban  District  Council  for  1890-1 
cays :  — 

*^  The  average  cost  of  chemical  treatment  dluring  the 
year  amoun>ted  to  38s.  6d'.  per  milHon  gallonft." 

I  shall  refrain  here  from  enlarging  upon  the  question 
whether  in  the  "Amines"  process  the  oo9t  would  or 
could  'be  reduced  by  profitable  utilization  of  the  sludge. 
I  will  content  myself  with  quoting  the  following  few 
authenticated  resuHts  of  practical  tests: — 

Extracts  fkoh  Tbstimokials  as  to  the  Yalitx  or 

''AiONEs''  Manttbe. 

(Fiker-Pressed  Sludge  Cake,   from  Wimbledon.) 

From  a  letter  of  Mr.  J.  Ambrose,  late  London)  Ootmty 
Oouncillor,  on  results  obtained  at  his  farm,  East  Han- 
ningfield,   Essex :  — 

"I  was  quite  satisfied  with  idie  sludge  as  a  manure. 
The  wheat  turned  out  seren  sacks  to  the  acre,  while 
others  around  had  between  four  and  five;  and  the 
clover,  after  wheat,  looks  splendid." 

In  a  further  letter  Mr.  Ambrose  says :  — 

"The  wheat  crop  on  the  whole  this  year  is  disap- 
pointing, but  the  yield  und«r  the  sludge  manure  was 
five  quarters  per  acre,  as  against  two  and  a  half  quarters 
per  acre  average  on  the  other  parts  of  the  field — or  just 
afl  much  again.'* 

Mr.  F.  Knight,  Farmer,  Melbourne,  near  Derby :  — 

"The  'Amines'  Manure  you  had  supplied  me  with 
this  spring  has  answered  well,  especially  for  swedes. 
Many  of  my  neighbours  say  they  are  the  best  they  have 
seen  this  season." 

Mr.  Charles  Hulse,  Market  Gardener,  Derby: — 

"I  have  tried  the  manure  on  all  kinds  of  vegetables 
and  greens,  and  have  found  it  answered  well." 

•Mr.  Charles  Hannam,  Manor  Farm,  Burton,  Dorset : 

"I  have  very  good  pieces  of  roots  grown  by  your 
manure  altliough  the  season  has  been  a  bid  one." 

F.  Ede,  Esq.,  jun.,  Balham:  — 

"Our  crops  of  spinach,  peas,  beans,  and  beet  have 
been  greatly  benefited  by  it,  no  other  having  been  used 
on  the  land,  which  was  in  a  very  poor  condition." 

The  following  are  the  places  where  the  process  is  at 
present  in  operation  and  the  periods  during  which  the 
licences  for  its  use  have  been  in  force.  The  scale  on 
which  it  is  being  worked  there  is  a  moderate  one  :  — 

E.state  of  the  Duke  ot  Westminster, 
K.G.  : 
Installation  at  Eaton  Hall        O  v  i    ,o^. 

„Eccle.stun-        -j      -^mce  Jeb.  1894 

Estate  of  Col.  ComwalliB-We8t,M.P. : 

Installation  at  Milford  Haven.    -        „    Aug.  1896. 
Estate  of  Col.  C.  W.  Bell,  J.  P. : 

Installation  at  Elast  Grinsteacl  „     July  1894. 

Sewage  Works  of  the  Warwick  Sani- 
tary Authority.  : 
Installation  at  Kineton        -        -        „    June  1899. 

I  am  willing  to  demonstrate  the  merits  of  the  "Amines" 
process  by  experiment  before  the  R<yjral  Commission  on 
Sewage  Disposal. 

Ht7G0  Wollhxim. 

86,  Elaham  Hoad,   Kensington,   W. 
London,  22nd  (May,  1900. 

5207.  {Chairman.)  You  are  Mr.  Hugo  Wollheim,  and 
you  com©  to  speak  about  the  "Amines  "  process.  Now, 
I  do  not  think  the  Commission  are  likely  to  ask  you 
very  much.  We  have  all  read  your  statement,  and 
that  will  be  put  upon  our  Minutes ;  but  we  under- 
stand that  you  invite  us  to  examine  the  results  of  your 
system  for  ourselves,  and  that  we  shall  be  glad  to  do? 
— ^Yes. 

6208.  Would  you  tell  us  where  we  should  be  best  able 
io  examine  them  ? — ^I  mention  in  my  statement  the  places 
where  it  is  in  operation,  but  they  are  rather  far  from 
here,  and  I  have  been  thinking  that  if  you  should  wish 
to  examine  it  perhaps  I  could  arrange  an  experiment 
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near  London— perhaps  at  the  place  where  it  has  been 
in  operation  for  so  many  years — ei  Wimbledon.  I 
believe  I  could  get  the  permission  from  the  authority 
to  show  it  to  you  on  any  special  occasion.  Or  you  would 
perhaps  be  satisfied  with  a  small  experiment  before  you 
here,  say,  on  10  gallona,  or  any  other  suitable  scale. 

5200.  Is  it  working  regularly  now,  say,  at  the 
sewage  works  of  the  Warwick  Sanitary  Authority ;  are 
they  in  regular  work  ?— Yes,  they  are  continually  work- 
ing it. 

5210.  They  are  continually  at  work?— Yes,  also  at 
the  Duke  of  Westminster's  estate. 

5211.  And  I  should  think  probably  the  works  of  the 
Warwick  Sanitary  Authority  would  be  the  best  place 
for  us  to  send  to  ?— It  is  rather  on  a  small  scale  there. 

5212.  On  a  small  scale?— Yes. 

6213.  Where  is  it  on  the  largest  scale  ?— The  in- 
stallation at  Kineton  near  Warwick  is  tlie  largest  at 
present. 

6214.  Yes,  that  is  the  one ;  that  is  where  we  propose- 
to  go? — ^I  wish  to  call  your  attention  to  one  fact  that  1 
think  it  would  be  more  satisfactory  to  you  if  you  could 
see  me  working  it.  I  think  it  would  be  fairer  to  the 
process  also  if  I  could  show  you  how  it  is  properly  to  be- 
worfced,  because 

5215.  {Colond  Harding.)  Is  not  some  reference  made- 
to  important  experiments  at  Salford,  can  the  witness 
tell  us.  Do  you  not  make  some  reference  to  experi- 
ments which  have  taken  place  at  Salford  ?-— 1891,  at 
Salford. 

5216.  On  a  large  scale?— The  whole  Salford  sewage, 
about  7,000,000  gallons  daily. 

5217.  Has  that  process  been  continued  at  Salford  ? — 
Oh,  no. 

5218.  Can  you  tell  us  why  it  was  discontinued  ? — Sal- 
ford you  must  be  aware  tried  almost  every  process ;  at 
any  rate  all  the  most  prominent  ones,  and  they  have 
not  adopted  any  of  them. 

5219.  The  natural  inference  is  if  they  gave  it  up  it 
was  not  a  success  ? — ^I  do  not  believe  that  is  the  natural 
inference  because  they  have  not  adopted  any  process, 
and  are  still  continuing  the  old  lime  process. 

5220.  Can  you  tell  us  anything  about  these  experi- 
ments at  Salford  on  a  large  scale  with  your  system? — 
You  liave  a  full  deecripnon  of  them  in  my  statement. 

5221.  You  consider  them  satisfactory? — ^Well,  they 
were  very  satisfactory,  as  Dr.  Klein,  who  reported  en 
them,  says,  but  as  to  whether  an  authority  properly 
refuses  the  adoption  of  the  process  or  not,  I  am  not  able 
to  say,  you  know  I  can  only  lay  before  you  the  evidence 
of  its  success  by  very  eminent  experts,  and  as  to  the 
reasons  why  an  authority  does  not  adopt  the  process 
'  f^Minat  aa.y. 

5222.  What  is  it  that  you  claim  to  accomplish ;  is  it 
sterilization  ? — Sterilizaiion. 

5223.  Or  is  it  the  use  of  a  precipitant? — Sterilization 
is  practically  the  claim,  and  I  believe  from  that  the 
other  advantages  claimed  follow  naturally. 

5224.  But  the  use  of  these  materials  produces  pre- 
cipitation ? — ^Produces  precipitation.  It  is  a  precipita- 
tion process  with  milk  of  lime,  to  which  has  been  added 
a  small  quantity  of  herring  brine,  and  there  is  a  princi- 
ple in  that  herring  brine  which  acts  as  a  steriliser. 

6225.  Do  you  think  that  sterilization  at  that  stage  is 
a  good  thing  ? — ^I  think  it  is  a  proper  thing. 

5226.  The  mere  precipitation  would  require  some 
subsequent  filtration  ?— It  would.  It  would  require 
some  subsequent  treatment  because  the  mere  lime  pre- 
cipitation does  not  produce  sterility  and  prevent  putro- 
faction  in  consequence. 

5227.  Then  what  is  your  object  in  sterilising  at  that 
stage,  because  you  interfere,  do  you  not,  with  the  filtra- 
tion action  later  if  it  is  to  be  filtered  ?— I  did  not  filter 
in  Salford  except  to  show  that  the  filter  was  not  neces- 
sary. I  should  not  require  filtration  as  far  as  I  am  con- 
cerned, if  it  was  not  that  the  Local  Government  Board 
urges  that  the  authorities  may  not  carry  out  a  process 
properly,  and  that  for  that  reason  land  or  filtration  is 
required  as  a  safeguard. 

6228.  And  though  you  do  not  think  it  necessary  other 
people  do? — I  do  not  think  it  is  necessary  for  this 
reason :  There  is  no  object  to  be  gained  by  filtration  of 
an  effluent  entirely  free  from  suspended  matter  and 
sterile. 

5220.  Have  you  considered  the  possibility  or  sterilis- 
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ing  filtered  effluents  by  your  process  I — ^I  can  sterilise 
them,  yes,  certainly ;  but  it  would  be  absurd  to  sterilise 
them  by  this  means,  to  add  lime  to  them  you  know ; 
they  can  be  sterilised  in  some  other  way,  certainly* 

5230.  You  do  not  suggest  that  for  sterilization  after 
filtration  your  system  is  of  any  service  ? — Oh,  no. 

5231.  (Sir  Michael  Foster.)  Could  you  speak  of  a 
particular  constituent  in  the  herring  brine  which  is  the 
steriliser — ^which  kills  the  bacteria  9 — Yes,  I  am  allud- 
ing to  "IM-onethyl-Amine." 

5232.  You  regard  that  as  germicidal  ? — No,  I  do  not 
claim  that  as  the  sterilizing  reagent ;  I  claim  a  new 
substance  produced  by  the  action  of  the  lime  on  the  "  Tri- 
methyl- Amine.'' 

5233.  Has  that  been  worked  out  ? — Oh,  yes. 

5234.  What  is  the  nature  of  the  product? — I  could 
not  tell  you  the  formula ;  it  ^has  not  yet  been  isolated. 

5235.  So  iha^  may  be  used  as  a  I>actericidal  acent 
alone,  this  product  of  the  action  of  lime  on  ''  Tri-methyl- 
Amine  "  ?— Yes. 

5236.  That  produces  a  substance  which  kills  all 
bacteria  I — ^Yes,  that  is  it ;  that  is  my  claim. 

5237.  If  that  substance  is  isolated,  that  substance 
might  be  added  to  all  effluents  with  the  view  of  killing 
bacteria  ? — ^It  might  be  added  without  adding  the  lime ; 
you  can  produce  the  same  effect  with  potash,  for  in- 
stance* and'  by  aoting  with  potash  on  '' Tri-methyl- 
Aminei"  you  might  produce  a  reagent  which  would 
sterilise  without  requiring  any  lime.  I  use  lime  be- 
cause I  want  to  precipitate,  and  as  I  must  clarify  I 
must  have  the  lime,  and  the  lime  acts  at  the  same  time 
as  producer  of  that  new  substance. 

5238.  Your  system  is  at  work  at  Kineton  ?->At  Kind- 
ton,  yes. 

5239.  Butitdoesnotworkwellof  itself  when  you  are 
away  ? — OH,  I  do  not  say  that,  but  I  do  not  guarantee 
that  an  authority  would  always  apply  properly ;  I  do 
not  think  it  is  fair  to  me  to  judge  my  process,  except 
when  I  produce  it  or  supervise  it. 

5240.  Is  any  bacteriological  examination  of  the 
effluent  there  being  made  now  t — ^Xo,  not  at  Kineton, 
no. 

5241.  Has  it  every  been  made  there? — ^It  has  only 
been  in  operation  a  little  while  there. 

5242.  No,  but  to  see  if  the  system  was  working  satis- 
factorily ? — ^I  have  their  letters  asknowledging  that  it  is 
very  satisfactory. 

5243.  Yes,  but  was  there  a  bacteriological  examina- 
tion of  fhe  effluent? — Tiiat  I  am  not  really  concerned 
with.  They  have  seen  the  system  elsewhere,  and  heard 
of  it ;  they  have  taken  a  license ;  I  have  given  them  a 
license  ;  that  ia  the  way  I  operate.  I  sent  my  son,  who 
is  an  engineer,  to  install  it,  and  show  it  to  them,  and 
further  than  that  I  am  not  concerned  tvith  it. 

5244.  How  many  samples  did  Dr.  Klein  examine  ? — 
Oh,  he  has  examined  it  repeatedly — four  or  five  times. 

5245.  {Major-General  Carey.)  What  proportion  of 
lime  do  you  use  ? — Well,  on  the  large  scale  the  best  I 
have  done  so  far  is  about  22J^  grains  to'  the  gallon  at 
Sal  ford,  tiiat  is  something  under  1^  tons  per  million 
gallons. 

5246.  And  what  is  the  volume  of  sludge  produced  ? — 
The  volfime  of  sludge  was  a  little  over  a  half  per  cent ; 
fifty-seven  one-hundredths  per  cent,  it  turned  out. 
You  will  find  the  figures  on  the  statement  which  I  have 
submitted,  and  here  I  can  give  it  to  you  exactly.  These 
^ures  are  from  the  official  report  of  the  Salford 
Authority ;  the  total  quantity  of  sludge  fibres  out  0*57 
per  cent. ,  or  about  26  tons  per  million  gallons  treated. 


5247.  (ProfesMtr  Bamady.)  Do  you  get  a  price  for  the 
sludge;  can  you  sell  the  sludge?-— at  has  been  sold, 
yes ;  I  have  sold  it ;  I  have  sent  barge  loads  of  it  to  a 
member  of  the  County  Council,  who  tried  it  on  his  farm 
in  Essex.  I  find,  of  coarse,  there  is  some  difficulty  in 
selling  the  sludge  in  some  localities,  and  the  freight — 
the  railway  freight  is  very  much  against  it  If  that 
could  be  properly  reduced  it  might  find  a  much  larger 
field.  And  then,  again,  most  authorities  are  satisfied 
to  produce  it  in  the  form  of  a  cake,  a  pressed  cake; 
whilst  if  it  was  further  treated,  that  is  powdered  and 
bagged,  it  would  have  a  much  lai^er  field  ;  you  could 
store  it,  you  could  send  it  to  lonj;  distances.  I  would 
suggest  that  perhaps  it  might  suit  the  Commission  to 
have  me  make  a  special  experiment  before  them  on  any 
scale  that  they  would  think  sufficient. 

5248.  {Chairman.)  Dr.  Klein's  examinations  took 
place  in  1880,  did  they  not;  the  samples  he  took  he 
took  in  1889,  did  he  not  ?— In  1889,  and  again  at  Salford 
in  1891.     I  think  that  is  the  latest. 

5249.  I  see  the  sample  fie  took  was  from  the  Canning 
Town  sewage  works  at  West  Ham  ?— That  was  the  first 
one. 

5250.  Are  those  going  on  still  ? — Oh,  no. 

5251.  His  second  sample  was  apparently  from  the 
Wimbledon  Sewage  Works  ?— Yes,  from  the  Wimbledon 
Sewage  Works. 

5252.  Are  they  going  on  still? — ^They  have  stopped 
the  process  since^  1^3.     It  was  there  from  1889  to  18^. 

5253.  And  then  do  you  know  why  they  have  stopped 
it? — ^Yes.  You  have  got-  the  acknowledgment  of  the 
ouiihorities  on  record  that  it  worked  highly  satis- 
factorily, but  the  surveyor  conceived  the  idea  thar 
he  could  do  as  well  and  save  a  couple  of  hundred  pounds 
a  year  by  adopting  the  lime  and  copperas  process,  you 
know.  Well,  he  has  failed  to  substantiate  his  claim 
to  this  day.  I  have  got  papers  here  from  which  I  could 
show  you  that  the  chemical  treatment  of  the  Wimble- 
don sewage  has  since  then  been  pmotically  at  the  same 
cost  every  year  ;  there  was  no  saving  on  it. 

5254.  And  have  you  had  your  filtered  effluent  bacteria- 
logically  examined  since  the  year  1891? — Yes,  but  not 
after  1893.  I  have  some  reports,  I  believe,  as  late  as 
1893. 

5255.  Then,  in  fact,  none  of  the  effluents  where  your 
system  is  at  work  now  have  ever  been  examined  from  a 
bacteriological  point  of  view? — I  do  not  know  whether 
the  Duke  of  Westminster  has  had  any  investigation  on 
his  own  account ;  the  sterilizing  effect  lEas  long  since 
been  generally  admitted. 

5256.  But  you  do  not  yourself  know  of  any  late  bac- 
teriological examination? — I  do  not  know  of  any  late 
bacteriological  examination. 

5257.  I  think  we  need  not  detain  you  any  longer  now. 
The  best  thing  would  be  that  we  should  communicate 
with  vou  whenever  we  are  ready  to  send  our  repre- 
sentative down  to  Kineton? — You  propose  to  go  to 
Kineton,  do  you? 

6258.  Well,  we  propose  to  send  a  representative? — 
You  would  not  prefer  an  experiment  that  I  make  to 
>'ou ;  do  you  not  think  that  it  would  have  a  double 
advantage?  It  woidd  be  more  conclusive*  and  it  could 
l;o  witnessed  by  the  whole  Commission. 

5259.  We  do  not  want  special  experiments  at  all?— 
But  I  mean  if  the  entire  Commission  could  see  a  treatr 
ment  of  the  Wimbledon  sewage,  for  instance,  on  any 
day  suiting  them,  would  not  that  be  much  more  advan- 
tageous? 

5260.  Oh,  no ;  we  should  send  our  representative  to 
Kineton? — Very  well. 
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PRESENT  : 


Mr.  Thomas  William  Killick  (in  the  Chair). 


Professor  William  Ramsay,  r.K.8. 
Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding ;. 


Mr.  Charles  Philip  Cotton. 
Mr.  William  Henry  Power,  f.r.s. 

Mr.  F.  J.  Willis,  Secretary, 


Mr.  W.  H.  Harbison,  B.Sc,  Chemist  to  the  Leeds  Sewage  Committee,  called  in;  and  Examined. 


5260*.  {Chairman.)  You  have  made  some  experi- 
■aents,  I  believe,  Mr.  Harrison,  with  regard  to  liquor 
from  some  neighbouring  works  containing  a  large  quan- 
tity of  iron  I — ^Yes. 

5261.  Can  you  tell  us  what  these  are? — It  was  a 
iquestion  of  the  precipitation  of  iron  by  lime,  the  amount 

of  lime  needed,  and  the  utility  of  the  product  produced. 

5262.  And  can  you  give  us  the  conclusion  at  whidh 
you  have  arrived'?— I  find  that  this  particular  iron 
iiqaor,  which  contains  large  quantities  of  ferrous 
duoride  and  ferrous  sulphate,  together  with  sodium 
sulphate,  needed  about  an  amount  of  lime  equal  to  the 
weight  of  the  iron  actually  present  to  precipitate,  75 
per  cent,  of  the  latter.  That  more  iron  was  not  re- 
mored  was  due  to  the  formation  of  calcium  sulphate  by 
^o  action  of  the  lime  upon  the  sodium  sulphate  caus- 
ing a  portion  of  the  Jime  to  that  extent  to  be  wasted. 
It  was  found  that  the  flocculent  residue  on  drying  could 
be  utilised  for  the  removal  of  sulphur  from  crude  illu- 
minating gas.  It  acted  as  well,  if  not  better  than  th« 
ordinary  dry  oxide. 

■5263.  {Professor  Bamsay,)  Of  iron? — Yes;  which 
liad  formerly  been  used. 

5264.  (fiolond  Harding.)  1  should  like  Mr.  Harrison 
to  tell  us,  if  he  can,  what  quantity  per  gallon  of  lime  he 
found  necessary  to  produce  adequate  settlements? — ^I 
should  think  about  one  gallon  of  the  refuse  liquor  con- 
tained about  3,000  grains  of  metallic  iron  in  solution, 
And  this  would  need  about  3,000  grains  of  lime  to  re- 
move 75  per  cent. 

5265.  {Professor  Itamsay.)  What  is  the  percentage? 
— it  is  about  2*8  tons  in  15,000  galbns,  %.€.,  the 
•day's  output.  I  could  not  give  the  percentage  without 
•calculating  it  out — about  4*2  per  cent. 

5266.  Could  that  be  done  ? — ^It  could  be  done. 

5267.  Did  you  find  the  sulphate  of  lime  came  down 
first  in  the  precipitat-e  ? — Not  altogether ;  it  did  to  a  cer- 
tain extent. 

5268.  When  you  speak  of  the  flocculent  iron  do  you 
mean  that  you  removed  the  sulphate  of  soda  first  7 — No. 

5269.  You  left  the  whole  thing  together  ?— I  left  the 
whole  thing  together.  The  method  I  used  was  to  make 
a  very  strong  milk  of  lime ;  get  the  lime  in  as  finely 
-divided  a  condition  as  possible,  and  to  mix  that  with 
the  strong  iron  liquor  as  got  direct  from  Nicholsons, 
and  the  sludge  produced  was  turned  direct  into  a  small 
lagoon.  There  was  no  settlement  attempted.  I  found 
that  the  sludge  produced  was  quite  thick  enough  to 
turn  into  a  lagoon  without  any  settlement  being  re- 
quired, and  that  with  a  well  constructed  lagoon  the 
time  it  took  to  dry  to  a  spadeable  condition  was  very 
short — about  two  hours  for  a  layer  of  the  sludge  a  foot 
toid  a-half  in  thickness. 

5270.  What  results  have  they  got  in  the  gas  works 
from  it  ?— Well,  the  experiments  are  not  completed  yet, 
but  so  far  they  have  found  that  it  does  not  absorb  all 
the  sulphur.  There  is  a  small  amount  which  comes 
through,  and  which  will  have  to  be  removed  by  lime, 
1but  probably  G9  per  cent,  of  the  sulphur  is  removed  at 
first.  This  gradually  gets  lower  and  lower  until  pro- 
bably about  60  is  removed,  and  then  the  oxide  of  iron 
is  exposed  to  the  air,  to  revivify,  as  they  call  it ;  they 
then  use  it  over  again. 


5271.  In  their  present  process,  do  they  require  to    -*''■■  **"•  ^• 
take  out  their  last  trace  of  sulphur,  or  is  that  sufficient    ^^b  sT*'' 
to  do  it  ?— Yes ;  I  think  that  the  last  traces  are  removed       — 
also.  '^  July  1900. 

5272.  They  can  without  lime?— I  believe  they  can 
remove  more  by  means  of  the  lime  than  they  can  with 
the  iron.  In  the  case  of  the  iron  it  is  merely  a  traoe 
that  goes  through  at  first. 

5273.  (Colond  Harding.)  Have  you  tried  any  experi- 
mental treatment  with  lime  of  this  effluent  diluted?--- 
No ;  I  did  not  think  it  was  practicable,  as  it  needed  dilut- 
ing to  such  an  extent  to  get  the  whole  of  the  iron. pre- 
cipitated when  using  a  minimum  of  lime,  and  at  ttie 
same  time  this  procedure  necessitated  the  use  of  set- 
tling tanks.  I  found  it  a  far  quicker  method  to  mix  the 
iron  direct  with  the  lime,  and  turn  the  whole  into  a 
sludge  lagoon,  suitably  constructed. 

5274.  And  in  that  case  no  effluent  resulted  at  all ; 
the  result  was  a  sludge  ?— An  effluent  resulted  free  from 
suspended  matter. 

5275.  Oh,  there  was  an  effluent  ? — ^Yes,  but,  of  course, 
very  little  in  proportion  to  the  amount  of  liquid  origin- 
ally taken. 

5276.  The  great  bulk  of  it  was  sludge  ?— Yes. 

5277.  (Professor  Bamsay.)  You  have  not  tried  any  ex- 
periments on  evaporation  for  the  crystals,  I  think  f— 
No ;  I  have  not.  I  find  that  the  liquor,  as  sent  to  us 
direct,  on  standing  deposits  sodium  sulphate  without 
any  evaporation  at  all. 

5278.  So  that  the  first  crop  of  crystals  would  be 
sodium  sulphate? — ^Yes. 

5279.  The  next  crop  of  crystals  would  probably  be 
sodium  ferrous  sulphate  ? — ^Yes. 

5280.  And  then  chloride  of  iron  remains  in  solution  ? 

—Yes. 

5281.  Do  you  know  if  there  is  any  market  for  the 
sodium  ferrous  sulphate  ? — ^I  never  heard  of  one. 

5282-3.  There  would  be,  I  should  think.  It  is  a  very 
pretty  salt  which  does  not  change  its  condition  at  aU  in 
the  air 

(Colonel  Harding.)  But  would  not  its  value  be  pre- 
judiced by  admixture  with  other  salts? 

(Profvs.sftr  Ramsay.)  No,  because  what  people  buy 
these  iron  salts  for  is  the  amount  of  iron  they  oontain, 
and  they  pay  for  those  salts  in  proportion  to  the  amount 
of  iron  they  contain  of  the  ferrous  kind.  It  ia  an 
advantage  to  buy  these  sulphates  for  ink  making,  or 
for  Prussian  blue,  so  I  should  think  there  would  be  a 
very  fair  market  for  this  substance? — ^Well,  there  is  a 
good  market  in  the  leather  trade  for  iron  salt,  for  the 
blacking  of  leather. 

5284.  That  means  making  ink,  in  point  of  fact? — ^Yes. 

5286.  (Colond  Harding.)  Mr.  Harrison,  it  has  been 
suggested  that  the  sludge  which  you  settle  in  that  way, 
was  in  fact,  iron  ore.  Did  you  ever  ask  anyone  whether 
it  had  any  value  for  the  extraction  of  the  iron?— I  &m, 
afraid  it  would  not  have  much  value,  it  ia  too  finely 
divided. 

5286.  (Professor  Bam.%ay.)  And  too  much  sulphur? — . 
And  too  much  sulphur,  yes,  and  it  would  be  no  use  in 
the  blast  furnaces. 
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Mr.  w.  H.       5287.  (Colonel  Harding,)  And  I  think  the  conclumos^ 

^^Tk^    you  came  to  was  th«t  there  would  probably  be  no  advant- 

-I—'       age  to  the  city  of  Leeds,  if  it  had  to  treat  thia  effluent, 

24  July  1900. 1^  to  pay  the  cost  of  tiie  treatment ;  that  it  would  be 

better  to  receire  it  into  the  sewers,  and  pat  up  with 

the  difficulties  here? — Certainly. 

5288.  Did  you  try  any  other  precipitant  than  limeT-*' 
Yes. 

5289.  TeU  us  ? — I  have  precipitated  the  iron  by  the  use 
of  potassium  permanganate^  and  in  neutral  solution. 

6290.  Well,  with  what  results?— I  found  that  iron  waff 
precipitated  as  an  insoluble  basic  salt  whoch  was  readily 
removed  by  sedimentation.  The  cost,  however,  wiur 
enormous,  being  somewhere  about  £140  for  the  treat- 
ment of  15,000  ^Ulona  per  day. 

5291.  Then  did  you  make  any  estimate  of  the  cost  of 
treatment  by  lime,  assuming  die  results  are  not  sale- 
able?—Yes.  It  would  cost  roughly  speaking  anywhere 
between  £3  and  £5. 

5292.  Per  what?— That  is  in  lime  akme. 

5293.  Per  day?— Yes. 

5294.  That  ie  simply  the  cost  of  the  lime?— Yes, 
that  is  to  remove  practically  the  whole  of  the  iron. 

5295.  Then  with  the  volume  of  iron  liquor  produced 
by  Messrs.  Nicholsons,  what  would  be  about  the  amount 
of  sludge  per  day  that  would  be  produced? — Albouii 
16,000  gallons,  and,  adding  to  that  the  milk  of  Hme,  say, 
16,000  gallons  of  sludge  per  day. 

5296.  How  many  tons? — ^Abont  75  tons. 

5297.  (Professor  Bamsay,)  About  75  tons,  well,  that 
is  a  serious  amount  of  sludge  per  day  to  deal  with  by 
a  private  firm.  That  could  not  be  taken  up  by  the  gas 
works  ? — Oh,  yes ;  it  would  not  supply  the  gas  works. 

5298.  (Colonel  Harding,)  Have  you  had  a  definite  re- 
port from  the  gas  works? — ^I  have  not,  they  have  not 
finished  the  experiments  yet. 

6299.  Yon  have  not  had  an  dOScial  report?— No. 

5300.  You  have  heard  indirectly  that  it  was  giving 
fair  results? — Yes,  I  have.  So  far,  it  has  given  very 
fair  results.  I  have  also  tried  to  make  it  into  paint, 
but  it  would  only  give  a  very  inferior  paint,  owing  to 
the  calcium  sulpha-to  contained.  It  would  be  on  a  par 
with  that  well  adulterated  oxide  paint  that  is  sold  now. 

5301.  Then,  Mr.  Harrison,  another  question  about 
iron  liquors  proceeding  from  pickling;  the  difficulty 
there  is  very  much  less  than  in  this  case,  because  I 
suppose  the  liquor  contains  only  ferrous  sulphate,  and 
that  can  be  easily  recovered  in  the  crystalline  form  by 
evaporation  ? — ^Yes. 

5302.  And  such  crystals  can  be  sold  ? — ^That  is  so. 

5303.  At  a  price  probably  to  repay  tfie  oost  of  treat- 
ment ? — ^I  could  not  say  with  any  degree  of  certainty. 

5304.  (Professor  Bamsay.)  Have  you  a  quantitative 
analvsis  of  this? — ^Yes. 

5305.  What  are  the  proportions  of  ferrous  sulphate 
and  ferrous  chloride? — I  have  here  that  10  cc.  of  that 
liquor  contains  '77  grammes  of  SO^,. 


5306.  Then  the  iron? — ^The  iron,  one  gallon  contains 
2929  grains  of  metallic  iron,  or  10  cc.  contains  '419  gram^^ 
of  iron. 

5307.  And  the  ferrous  chloride  ;  tHe  amount  of  fer- 
rous ohdoride? — ^I  have  not  estimated  the  chkmde. 

5308.  (Colonel  Harding.)  Did  you  estimate  what  was 
about  the  measure  in  metallic  iron  of  what  came  down 
in  the  sewers  of  Leeds  as  iron  liquor? — ^Yes,  from  4  to^ 
5  tons  on  an  average  comes  down  per  day  ;  and  the  parti- 
cular iron  liquor  we  are  speaking  about  now  usually 
turns  out  about  3  tons  a  day. 

{Professor  Boyce.)  May  I  ask  Gc^onel  Harding  if  he 
thinks  there  is  an  objection  to  the  iron  going  on  the 
Whittaker  bed? 

(Colonel  Harding.)  The  iron  is  a  difficnlly  undoubtedly 
with  any  filter  bed. 

{Professor  Boyce.)  But  on  the  Whittaker  bed  where  it 
gets  oxidised  ? 

{Colonel  Harding.)  Oh!  on  the  Whittaker  bed? 

{Professor  Boyce.)  Yes,  on  the  Whittaker  bed. 

{Colonel  Harding.)  We  have  not  found  any  serious 
inconvenience  on  the  bed  itself,  but  as  you  youieelf  would 
see  part  of  the  solids  coming  away  fi>'>m  the  bed  cao^at 
of  iron. 

(Professor  Boyce.)  Quite,  but  may  I  not  point  out 
that  that  iron  may  have  a  very  beneficial  effect  in  thfow- 
ing  down  those  very  solids  that  we  seek  in  that  effiuent 
That  is  really  acting  as  a  self-purifying  apparatus,  the 
Pielke  Tower,  the  old  system  of  throwing  down  the 
iron. 

(Colonel  Harding.)  That  may  be  a  point,  that  might 
be  investigated. 

(Professor  Boyce.)  I  do  not  know  what  Professor 
Banisay  thinks? 

(Professor  Bamsay,)  It  is  quite  possible  that  if  the 
iron  got  oxidised  and  ireduced  in  contact  beds  the  iron- 
might  be  retained^  In  the  contaoi  bed_we  have  not 
found  that ;  in  the  continuous  filters  the  iron  comes 
through,  and  you  may  say  in  the  filtrate  there  is  prac- 
tically none  in  solution. 

(Professor  Boyce.)  So  that  really  the  iron  may  be  a 
blessing  in  disguise ;  if  you  use  the  Wliittaker'  bed  it 
may  act  as  one  of  those  very  active  precipitating  agents. 

{Colored  Harding.)  It  may. 

(Professor  Boyce.)  It  has  already  been  used  in  com- 
bination with  coke  in  Grermany. 

(Professor  Bamsay.)  I  do  not  know  whether  the  Whit^ 
taker  beds  have  been  tried  for  domestic  sewage. 

{Colonel  Harding.)  1  do  not  know.  They  are  of  course 
tried  on  a  larger  scale  at  Accrington  than  here,  but 
theirs  is  not  pure  domestic  sewsffe.  I  may  mention  to  the 
Commissioners  that  they  have  uso  tried  them  at  Morley, 
near  Leeds,  and  they  were  found  to  be  a  failure,  but  I 
cannot  tell  you  exactly  the  details  of  the  experiment, 
not  having  seen  it,  but  I  should  £hink  it  because  of  the 
quantity  cl  grease  coming  down  with  their  sewage.  I 
do  not  know  of  any  case  at  present  where  the  Whittaker 
bed  has  been  used  for  domestic  sewage  only.  Probably 
Mr.  Whittaker  will  be  able  to  tell  us  at  Accrington. 
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RIPON. 


Wednesday,  25th  July,  1900. 


PRESENT  : 

Professor  William  Ramsay,  f.r.8.  (in  the  Chair). 


Mfyor-Qen.  Constantine  Phipps  Carey. 
Dr.  James  Burn  Russell. 
Colonel  Thomas  Walter  Harding. 


Mr.  CHARLES  Philip  Cotton. 

Mr.  WiLLiAli  Henry  Power,  p.r.8. 

Mr.  F.  J.  Willis,  Secretary. 


BCr.  WiLUAM  Edbon,  called;  and  Examined. 

5328.  (Major-Oenei 
mand? — Ted,  we  can  use  exaddy  as  we  are  doing  here 


5309.  (Colond   Harding.)  Mr.    Edson,   you  are   the 
•City  Surveyor  of  Bipon  ? — ^Yea,  sir. 

5310.  What  is  the  population  of  Bipon'?— About  8,500. 

5311.  What  is  roughly  the  Tolume  of  the  dry  weather 
xflow    witli   which   you    have    to    deal  here? — 350,000 

gallons. 

5312.  How  long  has  this  farm  been  working? — Since 
1896. 

5313.  Before  that  time  did  your  sewage  go  untreated 
into  the  Ure  ?— Directly  into  the  Ure — at  various  points. 

5314.  And  doubtless  you  are  taking  this  up  as  the 
result  of  various  complaints  made  as  to  pollution? — 
That  is  so. 

5315.  Your  sewage  is  almost  entirely  domestic! — 
Yes,  practically.  There  are  two  breweries,  and  three 
or  four  varnish  works  and  a  tannery. 

5316.  To  what  extent  do  stonn  dilutions  reach  you 
.  here  ? — We  get  the  storm  water ;  about  half  the  storm 

water  from  700  acres. 

5317.  How  much  is  your  normal  flow  increased  by 
storm  waters  ? — I  should  think  it  is  about  double ;  that 
is  about  700,000. 

5318.  Even  in  heavy  rain  ? — ^In  heavy  rain  it  is  ver> 
much  more  than  that.  If  you  take  any  heavy  storm  it 
will  increase  at  least  four  or  five  times  that 

5319.  Now,  on  what  principle  do  you  work  this  farm  ? 
— Of  course,  it  is  laid  out  in  level  beds;  there  are 
twelve  plots. 

5320.  What  is  the  total  area  of  the  farm  ?- -Thirty 
acres. 

5321.  But  you  use  for  the  purpose  of  sewage  treat- 
ment 12  ?— 12  acres. 

5322.  How  is  that  laid  out  ?— That  is  laid  out  in  12 
level  plots  and  under  drained. 

5323.  (Major-General  Carey.)  To  six  feet  in  depth? — 
To  six  feet  in  depth.  There  are  no  under  drains  directly 
under  the  beds.     That  is,  the  subsoil  drains  are  under 

:the'Dath8. 

5324.  Intercepting  drains? — Yes. 

5325.  {Mr.  Cotton.)  Are  the  12  acres  all  in  osiers? — 
Yea. 

5326.  (Mr.  Power.)  Gould  you  use  more  than  the  12 
without  pumping? — Oh  I  yes. 

5327.  You  command  more  than  12  acres  if  necessary  ? 
— ^Yes,  with  the  exception  of  about  three  acres  of  the 
aremaining  18  acxes. 

KIPON    SEWAGE    WORKS. 

'The  effluents  have  been  at  almost  every  inspection,  as  they  are  to-day,  bright,  clear,  free  from  offensive  smell,  and 
producing  no  bad  effects  upon  the  stream.  The  following  are  analyses  of  average  sample'*  taken  at  the  same  time,  and 
over  two  hours,  from  the  outfall  sewer  discharging  to  the  sewage  works,  and  from  two  of  the  outlets  co  the  river  : — 


Mr. 


5328.  (Major-General*  Carey.)  That    ia   15  you  com-    ^  ^^^^ 


without  pumping. 

5329.  (Colonel  Harding.)  Then  tell  me  how  do  you 
use  the  12  acres  now  used? — ^The  sewage  is  turned  on 
to  each  bed  for  24  hours.  Of  oomae,  then  it  has  12 
days — ^11  days  about — ^rest 

5330.  (Mr.  Povoer.)  You  are  speaking  about  the  dry 
weather  flow? — I  am  speaking  about  tne  dry  weather 
flow. 

5331.  (Colond  Harding.)  You  use  each  acre  in  turn? 
Yes. 

5332.  CMajor-Oeneral  Carey.)  Is  it  laid  out  in  aoro 
plots?— Yes,  practically. 

— 5333.  (Colonel  Harding.)  You  use  each  acre  in  turn  ; 
you  turn  the  whole  of  your  daily  flow  on  to  each  acre, 
such  daily  flow  being  350,000  gallons? — ^^at  is  so. 

5334.  At  the  end  of  the  24  hours  you  give  that  bed 
eleven  days'  rest,  during  which  time  the  sewage  passes 
on  right  Ihrough. 

5335.  Now,  how  soon  does  it  pass  through  from  the 
surface  ? — ^It  varies. 

5336.  Well  about? — ^The  average  would  be  about  2^ 
days. 

5337.  How  long  does  it  continue  to  flow  from  the 
outlet? — ^After  it  has  settled  through. 

5338.  After  tho  day  on  which  it  was  filled?— Well, 
you  see  there  are  four  beds  down  here,  and,  of  course, 
we  use  this  one  to-day,  the  next  one  to-morrow,  and  so 
on  right  through. 

5339.  So  that  you  cannot  gauge  exactly  how  long  the 
trickling  goes  on? — ^I  cannot,  without  we  used  this  one 
first  and  then  the  far  one. 

5340.  Then  after  two  or  three  days  there  is  nothing 
to  be  seen  on  the  surface  ? — There  is  notfiing  to  be  seen 
on  the  surface. 

5341.  What  are  the  results  that  you  obtain:  have 
you  any  analysis  taken  on  account  of  the  city  ;  what 
analytical  results  do  you  obtain? — ^Well,  I  think  Dr. 
WiLson  will  be  able  to  answer  that 

5342.  You  do  not  yourselves? — ^We  do  not  ourselves 
do  anything. 

5343.  But  you  have  reason  to  tJiink  the  analyses  are 
satisfactory  to  the  Bivers  Board? — ^Yes. 

5344. Have  you  an  analysis  of  your  own  sewage? — Not 
unless  Dr.  Wilson  haait 

Dr.  Wilson  handed  in  the  following  analysis :  — 


26  July  1900. 


Date. 

Total  of  Solids 
in  suspension  and  solution. 

Solids  in  suspension 
only. 

Chlorides 
(as  NaCl). 

Nitrates 
(as  HNO,). 

Ammonia. 

Oxygen  ab- 
sorbed in  4  hn. 
at  8u'  F. 

Hardness. 

Sample  of 

Loss  on 
Irrigation. 

Ash. 

ToUl. 

Loss  on 
Irrigation. 

Ash. 

ToUl. 

Free         -^*^- 
"**•  (Wanklyn). 

Temp. 

Per 

Centi 

Total. 

erode  sewage 

Efflnent  from   oatlet 

No.  L 
Efflnent  from    outlet 

No.  n. 

3A0/99 
3A0/00 
SflO/W 

20-4 
5-2 
5-2 

52-8 
47-0 
42-8 

73-2 
62*2 
48*0 

16-6 
-   Ver: 
-       -   Ver 

11-6 
r  small 
r  small 

28-2 

*              • 

7-02 
7-02 
614 

nU  - 
2-67 
1*80 

1-62 
0-27 
0-20 

0*88 
007 
-  trace  • 

4-72 
0*21 
0-18 

218 
280 
28-6 

6-8 
15-0 
120 

26*« 
88-0 
86-6 

Rivers  Board, 

Wakefield. 


Remarks. '-In  soltttion  only ;— Ammonia  albuminoid     •       -     =  0*25. 

Oipygen  absorbed  in  4  hrs.,  80*  F. »  2-86. 

EDWARD  HALLIWKLL,  F.I.C, 


For  H.  Maglxam  Wilsom,  M.D. 
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5345.  (Major-General  Carey.)  Du  yuu  ever  do  any- 
thing to  the  plots  ;  do  you  plough  them  up  or  rake  off 
;h©  surface? — They  have  never  been  disturbed  with  the 
exception  of  these  at  the  outlets  Here  ;  Hiere  are  some 
half  pipes  laid  for  carriers  down  the  centre  of  the  beds, 
and,  of  course,  these  channels  get  full  of  sludge  ;  this  we 
clear  out ;  we  clean  out  in  tiie  spring,  when  the  willows 
are  cut  off. 

5346.  There  has  been  no  distuifbance  of  the  land  it- 
self by  ploughing? — ^There  has  been  no  disturbance 
whatever. 

5347.  Since  1805  ?— Since  1895. 

5348.  And  has  the  effluent  always  been  as  clear  as  we 
see  it  now?— Always. 

6349.  Uniform  ?— Yes. 

5350.  It  never  comes  down  thick  or  muddy? — ^I  have 
never  noticed  anything  different  to  what  you  have  seen 
to-day. 

5351.  (Colonel  Harditig.)  Do  you  find  this  one  day  in 
12  is  sufficient,  or  do  you  fina  the  land  is  becoming 
sick? — ^Well,  I  find  a  good  deal  of  dIBerence  in  the  land 
from  what  it  was  when  we  started.  For  instance,  when 
we  turned  it  on  to  this  point  at  the  start  it  was  running 
cm  that  pk>t  for  a  fortnight,  and  never  showed  itself  on 
the  surface. 

5352.  (Mr.    Power.)  Day   by  day  for   a   fortnight  l- 
Day  by  day  for  a  fortnight. 

5353.  (Major^Greneral  Carey.)  When  you  started? — 
When  we  started. 

5364.  (Colonel  Harding.)  The  effluent  was  all  right, 
but  it  did  not  stand  on  the  surface.  It  then  gradually 
got  worse? — Yes. 

5365.  It  drank  the  sewage  slower? — ^It  drank  the 
sewage  slower. 

5356.  (Major-General  Carey.)  You  used  the  land  at 
starting  by  flooding  it  day  after  day  For  a  fortnight? — 
Well,  we  did  not  do  that  as  a  regular  thing,  but  one  or 
two  of  the  beds.  I  noticed  that  the  willow  growers 
were  anxious  that  the  willows  should  get  a  start,  and,  in 
order  to  give  them  a  start  we  let  sufficient  sewage  run 
on,  and  it  was  running  on  some  of  these  beds  for  a  fort- 
night. 

5357.  (Colonel  Harding,)  Then  do  you  fliink  the  time 
is  coming  when  one  day  in  twelve  will  be  too  much  to 
give  them? — Yes,  I  think  so. 

5368.  And  you  will  therefore  have  to  take  in  addi- 
tional acreage  so  as  to  be  able  to  continue  your  work  ? — 
Yes,  I  think  so. 

5359.  (Major-General  Carry.)  EspeciaHy  as  you  will 
hare  an  extension  and  more  people  coming  in  9 — Yes. 

5360.  (Colonel  Harding.)  B\kt  as  you  have  an  extra 
three  acres  to  fall  back  upon  you  have  no  anxiety  as 
to  the  future  ?— We  have  no  anxiety  as  to  the  future,  as 
we  have  15  acres,  not  three,  available  for  extensions. 

5361.  As  to  the  cost  of  this  treatment,  can  you  give 
us  any  information  as  to  what  is  the  net  cost  to  the  City 
of  the  treatment  of  the  sewage  ? — You  mean  the  work- 
ing cost. 

5362.  I  want  to  know  what  is  the  net  cost  to  the  city 
after  making  allowance  for  any  sums  you  may  get  by 
thp  sale  of  the  osiers? — (Town  Cleric.)  We  let  the  land 
to  a  basket-maker  at  £13  per  annum,  and  he  grows  his 
own  osiers. 

5363.  Is  this  £13  the  only  return  you  geil — Qlr. 
Edsan.)  Practically. 

5364.  Is  that  the  only  expense  ? — ^We  have  got  a  man 
here  who  attends  to  the  farm,  and  that  with  pump'ng 
sludge  and  other  small  expenses  costs  about  £60  or  £70 
a  year. 

5365.  The  expense  to  the  City  consists  simply  of  this 
man  you  have  in  charge,  and  any  occasional  attention 
to  the  drains,  and  the  intere:^t  on  the  orij^inal  outlay? — 
That  is  so. 

5366.  You  are  not  able  to  give  us  the  figures  repre- 
senting the  cost  to  the  city  of  Ripon  of  the  treatment 
of  its  sewage  ? — I  am  not  able  to  give  tHat.  The  Town 
Clerk  will  be  able  to  give  you  those  particulars. 

5367.  Would  the  Town  Clerk  send  tKat  to  Mr.  WilfiM. 
the  Secretary  of  the  Commission? — (Town  Clerk.)  With 
pleasure. 

5368.  (Major-General  Carey.)  It  is  this  land  which  is 
let  for  £13  a  vear  ? — ^Yes. 


5369.  The  other  ?—The  arable  land  is  let  for  30b.  per 
acre  and  the  grass  land  we  keep  in  our  own  hands  for 
the  horses. 

5370.  That  all  means  you  put  that  into  revenue  id 
making  a  statement  of  tiie  case  ? — ^The  rents  would  be> 
about  £50. 

5371.  (Colonel  Harding.^  Will  you  tell  me,  is  the  in- 
formation that  I  am  asking  you  for  in  the  form  you 
filled  up  for  Dr.  Wilson  twelve  months  ago? — ^Yes,  I 
think  so. 

5372.  You  need  not  trouble  to  send  it  to  us  then, 
because  Dr.  Wilson  has  already  communicated  that  to 
the  Commission. 

5373.  (Mr,  Power.)  When  the  river  is  in  flood  the 
effluent  outfalls  are  under  water?— (Mr.  Ed9(m.)  They 
are.     • 

5374.  Are  they  under  water  for  any  series  of  days  at 
a  time?— Oh,  yes. 

6375.  Then  your  beds  drain  much  more  slowly  ? — Oh, 
yes. 

5376.  It  would  affect  the  whole  area  that,  would  it 
not  ? — ^I  have  been  down  here  when  the  river  has  been 
in  flood  within  twelve  inches  of  the  banks,  and  the  beds 
were  what  you  see  them  now;  it  had  not  filtered 
through. 

5377.  (Mr.  Cotton.)  How  often  are  the  osiers  cut? — 
They  are  cut  every  year. 

5378.  Is  there  a  good  market  for  them  ? — Yes,  I  think 
so. 

5379.  (Major-General  Carey.)  You  do  not  get  any 
revenue  from  them  beyond  the  £13  a  year?-^No. 

5380.  (Dr.  lUsselL)  Have  you  always  got  £13?— Yes. 
The  man  who  has  the  farm  planted  the  willows  ;  I  mean 
that  cost  him  a  considerable  sum. 

5381.  And  have  there  been  no  complaints  since  your 
sewage  got  rather  in  excess  of  your  ground  of  deteriora- 
tion in  the  quality  of  the  willows  ^Yes^  The  willow 
grower  tells  me  that  they  complain  that  the  willows 
are  not  so  good  as  they  were.  They  are  not  so  good  in 
quality  as  they  were  at  the  start. 

5362.  (Colonel  Hcirding,)  But  if  you  only  derive  a 
benefit  of  £13  a  year  from  the  cultivation  of  osiers,  it 
seems  to  me  that  it  does  not  much  matter  whether  the 
osiers  prosper  or  do  not  prosper  ? — ^Well,  so  far  as  the 
Corporation  are  concerned. 

5383.  (Major-General  Carey,)  Is  it  a  yearly  teiian<7^? 
—Yes. 

5384.  (Mr,  Cotton.)  What  are  the  osiers  used  for?— 
Baskets,  etc. 

5385.  They  are  not  allowed  to  grow  long  for  hooping? 
— Oh,  no,  sir;  he  cuts  them  every  year.  There  is  a 
large  quantity  of  osiers  in  a  shed  down  there,  but  he 
sells  most  of  them. 

5386.  (Professor  liamsay.)  What  is  the  depth  of  the 
subsoil  drainage  under  the  beds? — ^They  are  6ft.  below 
the  beds. 

5387.  How  many  drains  are  there  ? — There  are  four. 

5388.  What  is  the  nature  of  the  subsoil  below  the 
osier  beds  ? — Below  the  osier  beds  it  varies  ;  in  the  top 
bed^  there  is  about  18  inches  of  &no  loam,  and  the  subsoil 
is  principally  gravel,  open  gravel ;  it  varies,  we  get  the 
rough  gravel  at  the  bottom,  fortunately.  The  beds 
down  towards  the  river  have  about  3ft.  of  soil  from  the 
top  before  we  come  to  the  grareL 

5389.  You  could  then  turn  up  the  surface  of  the  soil 
and  remake  it? — Oh,  yes. 

5390.  (Mr,  Power,)  At  what  level  do  you,  om  digging 
down,  ifind  the  water  in  the  soil  within  this  area? — I 
believe  when  they  dug  this  isA  here  thej  came  to  the 
water  when  they  came  to  the  level  of  the  nrer. 

5391.  The  ]mrt:cular  level  of  the  river  at  ihai  tinw,  jou 
mean  ? — ^Yes. 

5302.  (Colonel  Harding.)  Have  you  oonsiderel 
whether  by  abandoning  your  crop  of  osiers  and  by  year 
occasionally  ploughing  over  your  surface,  you  would 
not  get  either  better  results  or  a  larger  volume  over 
the  existing  area  ?^— Yes,  I  am  rather  inclined  to  thinl: 
so. 

5303.  (Major-General  Carey,)  Your  rate  of  dry 
weather  flow  is  very  high ?— Well,  we  get  a  certain 
amount  of  sul)soil  water.  The  soil  is  of  a  very  gravelly 
nature,  and  we  get  a  good  deal  of  subsoil  water. 
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Mr.  F.  Baqshaw,  called  in;  and  Examined. 


5304.  (CoUmd  Harding.)  You  are  the  Borough  Si^- 
veyor  of  Harrogate? — ^Yes. 

5996.  Your  population,  of  course,  varies  rery  much  ? 
— Yes. 

5306.  Can  you  give  us  any  idea  what  it  is,  winter  and 
season  ? — ^Well,  we  estimate  the  resident  population  about 
21,000  at  present,  and  the  season  population  is  an  un- 
kxiown  quantity :  what  would  you  think  ? — ^10.000  addi- 
inonal  ? 

5307.  (Mr,  Tower,)  At  the  height  of  the  season,  addi- 
tional 10,000?— Yes. 

5906.  {Colonel  Harding.)  Within  what  limits  does  the 
volume  of  your  sewage  vary  in  its  normal  flow? — The 
dry  weather  flow  is  about  700,000  gallons. 

5900.  When  was  that  taken;  in  the  winter ^--That 
was  taken  in  November  after  very  dry  weather  indeed 
for  several  weeks. 

5400.  But  I  take  it  the  volume  will  vary  very  much 
according  to  the  population? — From  700,000  to 
1,000,000. 

5401.  Does  the  surface  water  pass  into  your  sewers  ? 
— We  have  taken  out  a  very  large  proportion  within  the 
last  few  years.  We  are  laying  down  a  separate  system 
for  storm  water.  There  is  a  certain  quantity  gets  into 
our  sewers,  but  that  will  be  obviated  when  we  have 
laid  down  our  surface  water  drains. 

5402.  What  is  the  total  volume  that  you  have 
noticed  here— the  highest  ?— 1,100,000 ;  nearly  1,200,000 
gallons ;  that  is  what  we  have  got. 

5409.  That  is  not  much  beyond  your  normal  flow  ?— 
That  is  our  last  gauging. 

5404.  But  you  told  us  your  normal  flow  varied  from 
760,000  to  1,000,000  gaUons?— Yes. 

5405.  Now  you  tell  ua  th^t  the  lEi^hest  total  volume 
you  have  noticed  ia  1,100,000  to  1,200,000  gallons?— 
That  is  what  we  have  gauged,  we  have  not  gauged  it 
lately. 

5406.  Are  we  to  understand*  that  the  bulk  of  the  street 
overflow  goes  elsewhere? — ^Yes,  into  the  natural  water- 
courses. 

5407.  What  is  the  acreage  of  this  farm  ?--310  acres. 

5406.  How  long  have  you  been  treating  your  sewage 
at  all  ?— Considerably  over  20  years. 

5400.  Then  you  do  not  treat  your  sewage  before  putt- 
ing it  on  to  the  land  at  alL  You  do  not  add  any  chem- 
icak? — ^No,  nothing  at  all,  simply  run  on  crude  sewage. 

5410.  You  have  a  settling  ground,  to  settle  the  crude 
sewage  ? — Yes. 

5411.  And  a  very  rough  screen? — ^To  screen  off  the 
detritus. 

5412.  The  principle  you  work  on  is  to  flow  it  over 
the  land  through  grv^i—YeSy  cut  on  the  surface. 

5419.  And  you  are  constantly  varying  the  position  of 
these  grips? — Yes,  every  day  almost. 

5414.  An(L  what  is  the  crop  that  you  raise  mostly? — 
Well,  rye  grass  I  think  is  the  principal  crop  we  have 
here. 

5415.  Then  it  is  mostly  pasture? — ^Yee,  of  course  we 
have  a  good  deal  of  store  cattle  here. 

5416.  (Mr,  Power,)  You  have  a  large  extent  of  stock  1 
— ^They  are  bought,  fattened  up,  and  sold  in  the  market. 

5417.  And  milch  cows  too? — ^No,  no  milch  cows. 

5418.  {Colonel  Harding.)  All  effluen'fis  passed  into  the 
brooks-Yea. 

5418*.  Have  you  had  any  complaints  of  the  brook 
by  the  people  lower  down? — One  or  two  that  I  have 
heard  of. 


5410.  Are  you  proposing  to  improve  the  treatment  of  Mr.  Frank 
your  sewage  in  any  way  beyond  what  you  have  shown    ^^au\ 
us  7'--^£xcepting  that  we  are  proposing  to  move  it  away  25  July  m> 
altogether.  

5420.  To  another  site?-~To  another  site. 

5421.  Years  hence  ? — As  soon  as  we  get  the  extension 
of  the  borough. 

5422.  But  you  will  have  to  treat  it  here  for  some  years 
to  come  ? — ^Probably ;  until  the  new  scheme  is  ready. 

5429.  What  is  the  nature  of  your  soil  here? — Prin- 
cipally clay  on  this  ground. 

5424.  How  deep  have  you  to  dig  down  to  reach  the 
clay? — ^It  varies  from  six  inches.  There  is  very  little 
soil ;  take  it  as  a  whole  it  is  principally  clay.  The 
farm  manager  stated  that  at  some  places  there  were 
two  feet  of  soil,  but  these  are  exceptional  instances.  I 
do  not  know  of  any  place  where  it  is  two  feet  deep — 
the  soil ;  it  may  be  occasionally. 

5425.  You  find  the  sewage  from  these  grips  flows  very 
near  thd  top  or  over  the  top  of  the  land  ?— That  is  so, 
yes. 

5426.  {Major-Oeneral  Carey,)  Is  it  all  clay  ? — ^Nearly 
all  clay  on  rock. 

5427.  On  both  sides  of  this  hill  ?— Yes ;  we  built  the 
farmhouse  out  of  stone,  which  we  got  within  our  farm. 
(Dr.  WUson,)  Some  of  the  sewage  goes  on  to  the  land 
above  and  on  to  the  lower  part  as  well,  a  second  time. 
{Mr,  Bagsfiaw.)  Yes. 

5428.  (Colonel  Harding.)  Then  you  do  not  get  any 
analyses  made  by  your  local  analyst  ? — ^No.  Well,  we 
have  recently  had  tests  for  two  small  bacteria  beds  we 
have  put  down,  but  not  for  the  farm  itself. 

5420.  The  only  knowledge  of  the  results  you  get  if 
by  the  criticism  of  the  Rivers  Board? — ^That  is  so. 

5490.  (Major-General  Carey,)  What  is  briefly  tht 
result  of  your  experience  with  the  bacteria  bed  ? — ^Well. 
I  know  it  has  been  very  satisfactory,  but  it  is  only  a 
very  small  bed  indeed. 

5491.  It  is  a  single  contact  bed  ? — ^Yes. 

5492.  You  have  no  double  contact  beds  ? — No. 

5499.  And  obtain  very  fair  results? — ^Yes,  with  tht 
experiments  we  made. 

5494.  How  long  has  it  been  working? — ^Twelv* 
months. 

5495.  Have  you  any  idea  of  extending  the  beds? — 
Not  at  present. 

5496.  Have  you  ample  area  of  land  ? — Yes,  if  the  sewage 
be  properly  treated,  but  we  are  going  in  for  a  new  farm 
at  a  greater  distance  from  the  town  when  the  borough  is 
extended. 

5497.  (Mr,  Power.)  And  a  larger  farm  ? — ^Yes. 

5498.  (Cohmel  Harding.)  We  are  obliged  to  you,  Mx 
Alderman  Milner,  for  showing  us  round.  It  seems  tc 
me  that  the  results  you  obtain  depend  very  much  upou 
the  way  in  which  your  manager  works  his  farm.  If  he 
takes  great  care  in  cutting  his  grips  and  seeing  that  the 
sewage  really  passes  through  an  adequate  amount  of 
land  so  as  to  get  properly  treated,  you  will  get  very 
fair  results,  but  he  must  be  careful  that  it  does  not 
run  right  down  and  not  get  properly  treated.  It  ought 
to  be  very  carefully  watched  by  the  Rivers  Board  1 — 
We  have  two  men  to  look  after  it ;  two  men  that  we  do 
not  charge  to  the  farm  account. 

5490.  (Mr.  Power,)  Do  you  let  the  farm  to  anybody  ? 
—No. 

Dr.  Wilson  handed  in  the  suSjoined  analysis  as  » 
typical  analysis. 
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ROYAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


HARROGATE  SEWAGE  WORKS. 


Mr.  F.      The   Effluents  from    Harrogate  Sewage  Works   vary  enormously  in   purity,  being  sometimes  very  satisfactory,  and 
Bagahaw.         sometimes  nearly  as  bad  as  crude  sevrage.      Tlie  results  depending  entirely  on  the  attention  to  the  distribution  of 

the  sewage  upon  the  land.     The  following  are  analyses  of  tne  crude  sewage  and  of  effluents  taken  at  various  timeH. 

The  effluents  frequently  have  a  strong  smell  of  sulphuretted  hydrogen,  and  in  such  cases  the  back-water,  which 

contains  iron,  becomes  distinctly  darkened  in  colour. 
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Edward  Halliwell,  F.I.C, 

For  H.  Maclban  Wilson,  M.D 


IWENTY-SECOND    DAY. 


MANCHESTER  TOWN  HALL. 


Thursday/,  2Qth  July,  1900. 


PRESENT  : 

Colonel  Thomas  Walter  Harding  (in  the  Chair). 


Professor  William  Ramsay,  f.r.s. 
Major-Gen.  Constantine  Phipps  Carey. 
Dr.  James  Burn  Russell. 


Mr.  Thomas  William  Killick. 

Mr.  Charles  Philip  Cotton. 

Mr.  WiLUAM  Henry  Power.,  f.r.8, 

Mr.  F.  J.  Willis,  Sea-etaiy, 


Mr.  GiiJiBBT  J.  Fowler,  M.Sc.,  F.LC,  Superintendent  and  Chemist  af  the  Manchester  Corporation  Sewage 

Works,  called  ;  and  Examined. 


{Chairman,)  I  should  like,  Sir  Bosdin^  Leech,  to  ex- 

Fowier,'    prese  to  you,  on  behalf  of  the  Royal  Oommission,  our 

M.SC.,  y.i.c.  appreciation  of  the  readiness  and  courtesy  with  which 

iWJniTiooo.  ^^®  Corporation  of  Manchester  have  placed  at  our  dis- 

poaal     a    lai;ge    Tolume   of    information,    not    only    in 

connection  with  the  question  of  sewage  disposal  in 
Manchester,  but  in  regard  to  its  past  and  its  future. 
The  information  placed  in  our  hands  is  voluminous,  and 
is  in  a  form  that  we  cannot  conveniently  incorporate 
into  our  proceedings,  and  our  object  this  afternoon  is 
not  to  any  extent  critical ;  we  do  not  propose  to  cross- 
examine  upon  the  matters  that  are  brought  before  us — 
the  object  of  our  questions  this  afternoon  is  really  te 
get  upon  our  Minutes,  in  a  somewhat  convenient  form, 
the  mass  of  information  which  is  before  us  in  these 
various  and  successive  reports.  I  am  sorry,  therefore, 
that  the  examination  this  afternoon  will  necessarily  be 
rather  tedious,  I  am  afraid,  to  you.  Sir  Bosdin,  and  the 
members  of  our  Commission,  and  possibly  to  the  witness 
himself  whom  we  propose  to  examine.  I  should  like 
to  thank  Mr.  Fowler  himself  for  the  draft  which  he  has 
sent  each  of  us  and  for  the  information  which  he  has 
placed  before  ue,  no  doubt  at  considerable  trouble  to 
himself.  We  appreciate  very  much  the  trouble  you 
have  taken,  Mr.  Fowler,  and  the  information  you  have 


placed  before  us  is  very  interesting  and  v&rj  useful. 
With  the  permission  of  my  colleagues,  therefore,  I  will 
proceed. 

5440.  Mr.  Gilbert  J.  Fowler,  you  are,  I  believe,  the 
Superintendent  and  Chemist  at  the  Davyhulme  Sewage 
Works  of  the  Corporation  of  Manchester? — I  am. 

5441.  How  long  have  you  been  connected  with  these 
works? — Since  May,  1896. 

5442.  Although  you  have  at  those  works  been  making 
a  number  of  very  interesting  experiments  in  the  bac- 
terial treatment  of  sewage,  you  have  in  those  experi- 
mente  been  dealing  with  a  very  small  volume,  and  I  take 
it  that  the  bulk  of  your  sewage  is  treated  by  chemical 
precipitation? — ^That  is  so. 

5443.  You  made,  in  1897,  certain  experiments  in 
sedimentation  without  chemicals? — ^Yes. 

5444.  Will  you  tell  us  quite  briefly  what  results  you 
found  from  those  experiments? — Quite  briefly,  we  found 
that  the  effluent  was  of  a  rather  more  turbid  character 
than  from  chemical  treatment,  and  was,  moreover,  more 
offensive  on  incubation.  That  was  one  of  the  results 
which  we  were  most  struck  with.  We  found,  further, 
that  about  50  per  cent,  of  the  total  impurity  was  re- 
moved   by  sedimentation    alone,    and    consequently  we 
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drew  the  conclusion  Uiat  the  addition  of  chemicals  only 
herved  to  remove  perhaps  an  additional  15  per  cent. 

5445.  Then  there  was  nothing  encouraging,  and  jou 
proceeded  with  chemical  precipitation? — That  was  so, 
8.T.  yes. 

5446.  What  are  the  precipitants  that  you  use  ? — ^For 
the  most  part  we  have  used  lime  and  cupperas. 

5447.  In  varying  quantities,  according  to  the  condi- 
tion of  the  sewage? — 'In  raiying^^uantities,  accordinii; 
to  the  condition  of  the  sewage ;  very  much  lime  if  we 
happen  to  have  iron  salts  coming  down,  and,  on  Uis 
other  hand,  the  lime  will  be  knocked  off  entirely  if  we 
should  happen  to  have  a  certain  amount  of  bleaching 
powder  in  the  sewage.  These  are  two  extreme  cases. 
And,  of  course,  there  are  times  wheA  a  good  deal  oi 
acid  comes  down  from  various  chemical  processes — for 
instance,  naphtha  washing,  when  the  sewage  will  cozi- 
taui  a  certain  amount  of  sulphuric  acid,  and,  tmder  other 
conditions,  what  the  workmen  call  blind  acid,  which  *s 
really  carbonic  acid.  It  does  not  affect  the  litmus  paper, 
but.  of  course,  it  consumes  a  large  quantity  of  lime,  and 
we  have  men  constantly  watching  Bie  sewage  and  tesiong 
with  phenol-phthalein.  They  have  also  litmus  paper  to 
test  whether  there  is  free  acid  present,  and  they  regnlatt* 
the  appHcation  of  chemicals  accordingly. 

5448.  What  is  the  normal  flow  of  your  sewage? — ^A* 
present  the  normal  dry  weather  flow  will  be  about 
27,000,000  gallons,  but  in  regard  to  that  I  perhaps  may 
be  allowed  to  say  that  it  hardly  represents  the  actual 
flow  of  sewage,  because  io  represents  a  consumption  per 
head  of  sometiiing  like  60  gallons  a  day,  which  is  far 
in  excess  of  the  water  supply,  and^  consequently,  we 
calculate  that  there  is  a  considerable  amount  of  sub- 
soil water  which  finds  its  way  into  the  sewers.  Of 
course,  a  great  many  of  the  sewers  are  constructed  very 
loosely ;  some  of  the  old  sewers  most  especially,  and  it 
has  been  calculated  by  Mr.  Baldwin  Latham  from 
rainfall  observations  and  from  other  observations,  and 
Also  by  comparing  the  water  supply  of  the  city  that 
:his  subsoil  water  will  amount  to  something  like 
6,000,000  or  8,000,000  gallons  per  day,  so  that  the 
actual  sewage  flow  might  very  well  be  taken  at  about 
20,000,000  gallons. 

5449.  The  population  of  Manchester,  I  think,  is 
530,000  ?— Yes.  That  will  give  you,  you  see,  something 
like  40  gallons  per  head. 

5450.  By  this  system  of  chemical  precipitation  you 
obtain  a  large  volume  of  resultant  sludge;  what  is 
the  volume  which  you  obtain? — We  obtain  on  an 
average  about  21  tons  per  million  gallons. 

5451.  Will  you  tell  us  what  is  the  total  production 
of  sludge  at  the  works  ?— For  1898  it  was  200,000  tons 
of  00  per  cent,  sludge. 

5452.  And  how  do  you  dispose  of  this  sludge? — ^It  is 
pushed  from  the  bottom  of  the  tank  by  men  with 
wooden  squeegees,  as  they  are  called.  They  push  it 
through  valves  at  the  bottom  of  the  tank  into  a  channel 
along  which  it  flows  to  two  Shone's  automatic  ejectors, 
through  which  it  is  forced  by  means  of  air  pressure  of 
from  35  lbs.  to  40  lbs.  to  tiie  square  inch  through  a 
main — a  cast  iron  main — to  two  storage  tanks  close  to 
the  Ship  Canal,  from  which  it  can  flow  by  gravity  into 
the  sludge  steamer,  which  takes  it  beyond  the  Mersey 
bar  and  deposits  it  there.  Each  tank  will  hold  1,000 
tons,  and  the  steamer  itself  holds  1,000  tons,  so  that 
the  steamer  takes  one  tank  at  each  trip,  and  on  an 
average  the  steamer  will  make  something  like  four 
trips  per  week.  That  is  4,000  tons  of  wet  sludge  are 
removed  per  week. 

5453.  I  find  by  one  of  the  statements  that  you  have 
been  good  enough  to  put  before  us  that  the  cost  to  the 
City  of  Manchester  of  carrying  out  that  system  of 
treatment  is  £5,387  per  month,  so  far  as  the  last  twelve 
months  is  concerned  ? — ^Per  year  is  it  not,  sir  ? 

5464.  The  column  says  total  per  month.  Oh,  I  see 
this  says  that  the  cost  is  £5,387  per  year  ? — ^That  is  so. 

5455.  Then  do  you  happen  to  know  what  is  the  total 
cost  to  thj3  City  of  Manchester  of  the  treatment  of 
sewage,  inclusive  of  the  interest  on  the  capital  outlay  ? 
— ^I  have  sent  for  that  information. 

5456.  Perhaps  you  will  be  able  to  put  it  in  later?— 
I  may  be  able  to  get  it. 

5457.  Kow,  what  is  the  result  in  purification  of  the 
treatment  of  Manchester  sewage  by  chemical  precipita- 
tion?— ^Practically  reckoning  on  th«  crude  sewage  we 
get  on  an  average  about  50  per  cent,  purification. 
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5458.  Then  your  tank  eflluent,  having  thrown  down 
the  greater  part  of  the  suspended  Eolids,  contains  in 
purities  in  solution? — ^That  is  so. 

545tf.  And  requires  obviously  further  treatment  ?• 
ffertainly. 

5460.  What  is  the  area  available  at  Davyhulme?- 
Tho  total  area  available  for  filter-beds  will  amount  ta 
about  80  acres  without  any  possible  extension  ;  that  is 
to  say,  taking  the  present  ring  fence. 

5461.  And  that  is  obviously  too  small  for  any 
system  of  land  treatment? — Of  land  treatment  cer- 
tainly. 

5462.  The  attention  of  the  City  of  Manchester  has 
therefore  been  directed  to  bacterial  processus  ? — That  is 
so. 

5463.  Now,  certain  experiments  were  made  at  th^ 
suggestion  of  Sir  Henry  Bioscoe  so  far  back  as  1896  in 
the  direction  of  small  bacterial  filters  ? — ^That  is  so. 

5464.  And  those  filters  have  treated  the  effluent  from 
chemical  precipitation? — ^Tes,  with  the  exception  of 
occasions  when  during  storms,  for  instance,  the  treat- 
ment was  suspended  for  a  short  time,  but  generally 
speaking,  it  was  the  effluent  from  chemical  precipita- 
tion. 

5465.  The  experiment  was  quite  on  a  small  scale; 
there  were,  I  believe,  two  small  beds  of  about  25 
square  yards  area  each? — Yes. 

5466.  The  results  were  generally  encouraging  as  to 
the  quality  of  the  filtrates  ?— Very  encouraging,  yes. 

5467.  I  understand  that  you  fimd  after  working 
those  small  experimental  beds  since  1896  that  dealing 
with  such  effluent  as  you  put  upon  them  containing 
only,  I  am  told,  four  grains  per  gallon  suspended 
solids,  you  have  been  able  to  maintain  capacity  ? — ^To 
a  very  large  extent,  yes. 

5468.  The  capacity  fell  rapidly  at  first,  bat  you  have 
been  able  to  maintain  it  since  ?--Yes,  to  be  absolutely 
correct  the  last  measurements  have  been  slightly  less 
than  some  previous,  but  we  are  still  dealing  with  a 
large  quantity.  The  last  capacity  of  the  cinder  bed 
was  about  1,000  gallons. 

5469.  What  was  the  original  water  capacity  of  those 
two  small  beds  ?— 1,750  gallons  each. 

5470.  And  what  was  it  when  last  measured  ?— I  will 
give  it  you  exactly.  The  cinder  filter  was  1,008  gallons, 
and  llie  coke  was  972  gallons.  That  was  on  the  28th 
June  last. 

5471.  Then  are  we  to  take  it  that  those  beds  have 
never  been  since  1895  reconstructed,  having  been  merely 
forked  over  or  raked  over  ? — ^That  is  all,  and  the  matter 
on  the  top  has  been  gathered  into  heaps,  that  is  all, 
but  nothing  has  been  added  to  or  taken  from  them. 

5472.  Now,  as  the  result  of  these  experiments,  it  was 
suggested  in  1898,  was  it  not,  that  the  system  of  sewage 
jbreatm^it  that  might  be  suitable  for  this  citry  was  a 
system  of  such  filtration  following  upon  chemical  pre- 
mpitation) — That  was  so. 

5473.  But  about  that  time,  in  1898,  the  Council  of 
the  city  decided  to  consult  certain  specialists  ? — ^Tes. 

5474.  Those  specialists  were:  Mr.  Percy  F.  Frank- 
land,  Mr.  W.  HL  Perkin,  jun.,  Mid  Mr.  Baldwin 
Latham? — ^Those  were  the  names. 

5475.  They  reported  to  the  city  on  October  30th, 
1899,  in  a  report  which  has  been  published  and  a  copy 
of  which  has  been  submitted  to  us.  They  examined 
various  schemes  which  had  been  proposed,  and  they 
made  certain  experiments  and  they  drew  certain  con- 
cluflfions.     That  was  so,  was  it  not? — ^Yes. 

5476.  Now  I  believe  they  have  made  experiments  in 
double  contact  filtration  of  crude,  and  partially  settled 
sewage  at  Davyhulme,  and  they  came  to  the  conclusion 
that  it  was  not  practical  to  deal  with  crude  sewage  or  par- 
tially settled  sewage  upon  contact  beds  unle^ss  the  bulk 
of  the  larger  part  of  the  suspended  solids  had  been  first 
removed  ?— -Oertainly. 

5477.  The  result  as  to  the  quality  of  the  filtrates 
which  they  obtained  was  good,  but  the  capacity  of  the 
filters  was  too  easily  reduced? — That  was  their  opinion. 

5478.  And  in  view  of  the  cost  of  chemical  precipit-a- 
tion  and  the  vast  amount  of  sludge  produced,  they  did 
not  propose  to  adopt  chemical  precipation  as  a  firs^ 
picceas  antecedent  to  filtration? — ^No. 

5479.  They  thought   that  the  septic  tank   was  more 

R  R  2 


Mr.  6.  J. 

FowUr, 

26  July  1900. 


316 


ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL: 


Mr.  o.  J.     promising,    as    bringing   aibout   an  equalisation  of  the 

n^rlTio    ^®^*8®  *^d  aa  digesting  probably  a  larjfe  part  of  the 

-!—' '  '  suspended  solids,  and  so  greatly  reducing  the  sludge 
TO  July  1900.  pioduction?— Yes. 

tMO.  W«ll,  you  can  tell  us  of  your  own  knowledge, 
Mr.  J<'owler,  about  the  experiments  which  have  been 
made  at  Manchester  in  connection  with  closed  and  open 
septic  tanks  in  1898  and  1899  ? — ^To  begin  with  the  closed 
septic. 

5481.  But  can  you  tell  us  that  from  your  own  know- 
ledge?— ^Yes,  certainly. 

5482.  I  take  it,  in  regard  to  the  earlier  experiments 
I  have  been  speaking  (S,  they  were  before  your  time  ; 
they  were  conducted  by  Sir  Henry  Bosooe  in  1895?— « 
That  was  about  three  months  previous  to  my  appoint- 
ment, which  was  made  in  May,  1896^  I  think  the 
filters  began  to  work  in  January,  so  that  I  can  speak 
to  these  filters  from  May,  1896. 

5483.  But  in  regard  to  the  septic  tanks,  the  whole  of 
the  experiments  have  been  within  your  own  time  and 
within  your  own  knowledge? — ^That  is  so. 

5484.  You  tried  experiments  with  closed  septic  tanks? 
— ^Yes. 

5485.  I  think  you  had  a  plant  and  a  set  of  filters  con- 
structed upon  the  lines  suggested  by  Mr.  Cameron,  of 
Exeter  ?— Yes. 

5486.  What  was  the  volume  treated  in  that  plant? — 
It  has  varied  somewhat,  but  the  capacity  of  the  filt3rB 
may  be  taken  at  about  12,000  gallons,  leaking  it  alto- 
gether, we  may  say  we  have  treated  24,000  gallons  per 
day  through  that  septic  tank. 

5487.  Then  was  that  flow  at  such  speed  that  the  tank 
would  be  filled  in  24  hours? — ^It  would  be  more  than 
filled  in  24  hours. 

548a  Would  it  be  filled  in  12  hours?— Not  quite. 
The  capacity  of  the  tank  is  20,000.  and  it  was  con- 
structed, I  believe,  to  be  equal  to  tKe  capacity,  of  the 
filters.  It  is  practically  equal  to  the  holding  capacity 
of  the  filters,  inasmuch  as  the  filters  are  filled  twice  a 
day  ;  the  flow  of  sewage  through  that  septic  tank  has 
been  really  at  twice  its  capacity  per  day  ;  the  tank 
capacity  is  half  the  daily  flow  practicaily. 

5489.  Then  that  is  a  12  hours  speecfJ — Twelve  hours 
speed,  yes. 

5490.  Now,  what  was  the  purification  obtained  by  the 
single  contact  filtration  following  upon  the  closed  septic 
*ank  treatment? — ^It  was  very  satisfactory.  I  can  give 
/ou  figures  which  show  that  for  nine  months  at  any 
rate  out  of  18  we  have  practically  never  had  a  putre- 
factive sample.  We  have  not  always  reduced  the  actual 
oxygen  absorption  figure  below  the  limits  set  us  by  the 
Mersey  and  Irwell  Joint  Committee,  but  there  has 
always  been  a  large  amount  of  nitrales  present  which 
has  been  sufficient  to  oxidise  any  residual  impurity 
which  might  be  left. 

5491.  But,  as  a  fact,  do  you  come  down  in  the  analy- 
tical results  to  the  standard  of  the  Mersev  and  Irwell 
Committee? — ^Not  in  all  cases  ;  in  many  cases  we  did, 
but  not  in  all  cases. 

5492.  Now  you  have  tried  extensive  experiments  with 
open  septic  tanks? — ^Yes. 

5493.  Tell  us,  did  you  find  any  material  difference  in 
the  results  of  the  closed  septic  tank  as  compared  with 
the  open  septic  tanks  ;  how  did  the  effluents  differ  in 
each  case,  if  at  all  ?— X^hemically  they  were  as  near  as 
possible  identical. 

5494.  And  in  appearance  ? — And  in  appearance  also. 

5495.  Now  tho9e  experiments  in  open  septic  tanks, 
I  think,  consisted  mainly  in  an  experiment  with  one  of 
your  old  chemical  precipitation  tan^s? — ^Yes. 

5496.  What  was  the  capacity  of  that  tank?— 1,118,000 
gallons. 

5467.  Its  general  form,  I  think,  is  a  long  rectangle, 
is  it  not? — ^Yes. 

5498.  About  three  times  the  breadth?— 300  feet  by 
100  feet. 

5499.  That  is  three  times? — ^AncL  sloping  somewhat 
towards  the  inlet,  and  with  an  average  depth  of  six 
feet 

5500.  You  will  appreciate  how  .  important  it  is  to 
ascertain  the  result  of  different  speeds  of  flow  through 
septic  tanks? — Certainly. 

5501.  Then  what  wae  the  speed  of  flow  whiqh  you 
adopted  in  this  experiment  ?— Originally  the  speed  was 


1,700,000  gallons  per  day,  and  subsequently  it  increased 
to  2,500,000  gallons. 

5502  Then  you  began  at  first  at  what  we  speak  of 
as  a  24  hours'  speed,  and  after  you  increased  to  a  12 
hours*  speed? — ^Roughly  speaking,   that  was  so. 

5503.  How  long  did  you  work  on  a  24  hours'  speed? 
— Practically  six  months,  I  think  I  may  say.  It  was 
itartea  on  February  16th,  1899,  at  tlie  rate  of  1,700,000 
galloiie,  and  on  October  18th,  1899,  £Ee  flow  was  in- 
creased to  2,500,000  gallons. 

5504.  Now,  were  you  able,  by  comparing  the  first 
rix  months  with  the  later  period,  to  ju^e  of  any 
differences  due  to  the  varying  speed  of  flow  ? — ^I  have  no 
hesitation  in  saying  that  the  amount  of  suspended  matter 
passing  from  the  tank  and  the  amount  of  silting  was 
considerably  greater  during  the  latter  period.  We 
made  measurements  of  the  silking  during  the  later 
jieriods,  and  it  was  certainly  increased  more  rapidly 
than  at  first. 

5505.  I  am  afraid  I  do  not  quite  appreciate  your 
answer.  Do  you  mean  to  say  that  working  at  the 
slower  speed  you  got  more  solids? — ^No ;  on  the  con- 
trary, at  the  greater  spaced  we  got  a  greater  accumidation 
of  solids  in  the  same  time  ;  the  effluent  rapidly  became 
worse  as  regards  suspended  matter. 

5500.  While  you  wero  working  at  the  quicker  rate  ? — 
While  we  were  working  at  the  quicker  rate. 

5507.  And  you  found  an  improvement  in  that  respect 
by  working  slower  ?— Certainly. 

5508.  But  might  not  that  increase  in  the  soHds  in 
suspension  in  the  later  period  be  due  to  the  gradual 
accumulation  of  sludge  in  the  tan^  itself,  whioh  would 
so  reduce  the  capacity  of  the  tank? — ^I  think  that  is 
quite  possible. 

5509.  So  that,  in  fact,  you  are  unable  to  speak  with 
any  certainty  of  definite  results  comparing  the  slower 
with  the  faster  speed  ? — ^The  results  are  not  as  accurate 
as  I  should  like. 

5510.  Then  your  experiment  with  open  septic  tanks 
is  really  limited  to  the  no  doubt  considerable  experi- 
ment of  that  one  tank  ? — With  the  exception  of  a  second 
tank,  which  I  have  recently  put  into  working  condition 
with  chemically  treated  sewage. 

5511.  Then  recently  you  have  started  a  second  tank, 
the  difference  between  that  and  the  other  being  simply 
that  in  that  case  you  have  used  sewage  in  which  lime 
had  been  mixed? — ^Lime  and  copperas,  yes. 

5512.  Have  you  found  any  practical  advantage  in 
adding  lime  to  the  sewage  for  septic  tank  purposes? — 
Not  as  far  as  I  can  see,  no. 

5513.  A  needless  expense,  in  your  opinion? — ^I  think 
so. 

5514.  Now,  in  this  first  septic  tant  you  accumulate 
of  course  a  certain  amount  of  sludi^e  matter,  due  to  the 
flow  itself,  but  I  understand  that  there  was  tipped  into 
the  tank  a  number  of  loads  of  garbage  7— Tes. 

5515.  To  what  extent?— 279  wheelbarrows  full. 

5516.  The  idea  being  to  test  whether  tRose  would  be 
rapidly  reduced? — ^Yes. 

5517.  I  suppose  you  axe  not  impressed  with  the 
utility  of  a  septic  tank  taking  this  extra  work  beyond 
that  which  it  would  naturally  have  to  deal  with  in  the 
flow? — ^No.  I  think  my  feeling  would  be  to  settle  it 
as  much  as  possible. 

5518.  Then  how  long  did  you  find  that  the  tank  took 
before  evident  septic  conditions  appeared  ?— Speaking 
from  memory,  I  think  it  would  be  some  three  months 
before  there  was  any  appearance— any  prolonged  ap- 
pearance of  scum.  It  depends  somewhat  on  the  weather, 
of  course.  In  the  course  of  a  few  days  it  will  begin  to 
give  off  gas,  but  it  will  be  by  no  means  thoroughly  septic 
before  some  months. 

5519.  In  the  later  period  you  no  doubt  found  that 
the  flow  was  black  in  colour? — Yes. 

5520.  In  the  earlier  period  that  did  not  appear  ? — ^No. 

• 

5521.  Then  if  it  takes  several  months  to  develop 
septic  conditions,  it  would  appear  to  be  a  disadvantage 
to  empty  septic  tanks  when  accumulations  arise,  be- 
cause in  that  case  you  have  to  begin  de  novo  and  lose 
many  weeks  before  the  full  septic  condition  is  de- 
veloped ? — ^That  is  so. 

6622.  How  soon  did  you  find  that  scum  to  any  extent 
appeared  on  the  septic  tank? — Speaking  again  from 
memory,  I  think — ^well,  the  septic  tank  was  started  in 


MINITTES  OF   EVIDENCE. 


317 


Kehruary,  the  scum  appeared  in  May — I  think  it  was 
afcer  the  Local  Goyernment  Board  Inquiry,  as  far  as  I 
v.iin  recciloct. 

5523.  Four  or  five  months  after  the  tank  had  been 
started  ? — Yes. 

5524.  To  what  extent  did  that  scum  develop  ?— Even- 
tually it  formed  a  fairly  solid  cake  over  about  one-third 
of  the  tank,  and  the  rest  of  the  tank  was  covered  by  a 
thinner  scum  on  very  still  days,  but  this  was  very 
readily  blown  aside  by  any  wind  that  there  might  bo. 

5526.  Did  you  notice  much  variation  in  the  thickness 
or  other  characteristics  of  the  scum  after  it  had  ap- 
peared?— No,  if  there  was  a  heavy  storm  of  rain  or 
wind  occasionally,  it  was  broken,  and  it  was  driven 
into  one  corner  of  the  tank,  but  as  far  as  our  observa- 
tion went  it  remained  very  much  in  the  same  condition. 
Every  now  and  then,  of  course  the  surface  was  broken 
by  great  ebullitions  of  gas. 

5526.  Did  you  notice  whether  in  winter  the  scum  was 
thinner  or  thicker  as  compared  with  the  same  scum  in 
the  summer  months  ? — ^That  we  have  not  definite  evid- 
ence upon. 

5527.  Are  you  able  to  tell  me  what  is  the  average  of 
solids  in  suspension  in  Manchester  sewage?  I  am 
aware  that  it  varies  very  considerably  indeed,  but  oyer 
a  long  period  what  is  the  average  of  suspended  solids 
in  Manchester  sewage  ? — ^As  far  as  our  observations  go 
it  will  come  to  about  20  grains  per  gallon  dry  solids, 
and  possibly  we  might  get  it  out  in  another  way  if  I 
take  the  amount  of  sludge  produced  which  is  at  the 
rate  of  20  tons  per  million  gallons.  Now,  one  ion  per 
million  gallons,  that  is  of  90  per  cent,  sludge,  >ou  se«^, 
80  that  means  two  tons  of  dry  matter. 

5528.  Per  million  gallons? — ^Per  million  gall«)ns,  so 
that  that  will  be  on  the  average  30  grains,  you  see  ;  that 
is  taking  the  whole  ;  that  is  with  the  chemicals  added  ; 
that  is  how  it  works  out. 

5529.  But  my  query-  ie  irrespective  of  chemicals  ; 
in  the  sew>age  itself  before  chemicals  are  adde J  ? 
— ^That  I  can  only  give  you  from  oar  own  observations, 
and  in  dry  weather  the  average  works  out  at  about  20. 
but  it  may  go  up  to  very  large  figures,  and  I  am  afraid 
we  have  not  got  observations  which  will  enable  me 
to  say  exactly  what  it  would  be  over  a  long  period  of 
dry  or  wet  weather,  taking  it  day  by  day  for  any  long 
period. 

5530.  Then  you  really  are  unable  to  tell  us  what,  ^ 
taking  the  dry  and  wet  periods  together,  would  be  a 
fair  average  to  reckon  for  the  suspended  solids  in  the 
Manchester  sewage? — Unable  otherwise  than  through 
the  amount  of  sludge  produced. 

5531.  Have  you  taken  careful  note  of  the  suspended 
solids  in  the  effluent  from  the  septic  tanks? — Yes,  we 
have  a  number  of  observations  of  them. 

6532.  Then  what  do  you  find  over  the  period  we  are 
speaking  of  in  the  life  of  these  septic  tanks ;  what  do 
you  find  to  be  the  average  in  the  effluents  of  the  septic 
tanks  and  flowing  from  them?— -It  was  workins:  alto- 
gether 14  months,  and  I  should  say,  from  the  observa- 
tiona  we  made  (I  have  an  average  we  worked  out  during 
that  time)  ;  it  worked  out  at  somethinflr  like  seven  grains, 
but  in  the  earlier  period  for  the  Brst  four  monies  very 
very  little,  and  then  it  averaged  up  to  20  grains. 

5533.  But  the  20  grains  would  scarcely  be  an  average 
condition? — Oh,  no. 

5534.  That  would  be  a  sort  of  maximum  condition? 
— ^That  was  the  maximum,  yes. 

5535.  Do  you  think  the  seven  grains  you  spoke  of 
could  be  taken  as  an  average  of  the  later  period  7 — ^No, 
at  the  last  it  was  over  seven  grains — the  last  few  months 

5536.  What  would  it  be? — I  should  say  something 
like  15. 

5537.  Then  during  the  whole  of  the  neriod  to  which 
you  have  referred  from  February,  189?,  until  April, 
1900,  you  removed  nothing  whatever  from  the  tanks? — 
No. 

5536.  But  towards  the  end  of  the  period  judging  from 
the  increasing  quantity  of  suspended  solids  coming  riut, 
you  came  to  the  conclusion  that  it  was  necessary  to  either 
empty  the  second  septic  or  remove  some  of  the  accuitrula- 
tions?— Yes. 

5539.  As  a  fact  you  decided  to  empty  itt--Ye& 

5640.  How  did  you  do  that?— We  fixed  a  stcim 
boiler  and  pulsometer  pump  at  the  far  end,  uni  ['umpc  I 
down   until   we   found   that   we  were  pumping   sluogb. 


There  waa  a  fairly  well  defined  line  between  ihe  water    Mr.  g.  F. 
and  die  aiuilge.     We  aacertained  it  by  the  dipping  tuoe  ^{J^'^ 
first  of  all,  and  we  pumped  down  to  just  about  that  level,     '  _!_' ' 
and  then  afterwards  we  eludged  the  lank  in  the  usual  asJniyiwo. 
way  through  the  channels  and  into  the  sludf^e  t»teamer. 

5541.  Then  you  estimated  the  amount  of  sludge  in 
first  of  all,  and  we  pumped  down  to  just  about  that  level, 
had  taken  away  the  top  waters? — ^Yes. 

5542.  'But  that  itself  would  contain  quite  a  material 
amount  of  suspended  solids  ? — ^No  doubt 

5543.  Did  you  form  then  an  estimate  of  the  volume 
of  sludge  that  had  been  digested  by  jour  septic  tank  in 
the  period  referred  to? — ^Yes. 

5544.  What  was  the  conclusion  you  came  to  ? — ^Taking 
one  thing  with  another  we  oame  to  the  conclusion  that 
from  a  half  to  two-thirds  had  disappeared. 

5545.  It  is,  of  course,  of  deep  interest  to  us  to  know 
whether  septic  tanks  consume,  and  if  so,  how  much  they 
consume  of  the  suspended  solids  put  in.     We  should  be 
therefore  very  much  interested  if  you  would  tell  us  how 
you   reached   the  conclusioii  that  you  have  just   men- 
tioned?— Briefly,  I  arrived  at  it  in  this  way.     We  had 
been  throughout  14  months  putting  sewage  through  that 
at  the  rate  of  2,000,000  gallons  per  day  on  the  average, 
that  is  to  say,  of  course,  it  was  rather  less  at  the  early 
period,  rather  more  later  on,  so  I  take  it  at  2,000,000 
gallons  per  day,  and  that  gave  us  a  residue  of  4,000  tons. 
Now,  taking  30,000,000  as  our  daily  flow,  we  should  get 
on  that  flow  a  total  residue  of  60,000  tons  in  14  months. 
Our  year's  production  is  200,000  tons,  therefore  accord- 
ing to  that,   if  you  take  that  bare  figure,  rather  more 
than  two-thirds  had  disappeared,  but  inasmuch  as  tliere 
undoubtedly  was  a  considerable  amount  of  solid  matter 
going  away  I  concluded  that  it  must  reallv  be  less,  but 
it  seemed  to  me  to  be  probable  thai  it  would  be  some- 
thing more  than  half  which  had  disappeared.     But  as  a 
matter  of  fact,  to  find  out  what  exactly  has  been  digested 
and  absolutely  destroyed  is  a  rather  more  difficult  ques- 
tion, and  recent  observations  with  refrar^.  to  the  closed 
septic  tank  might  perhaps  throw  some  fight  on  that.  One 
has  to  consider  of  course  that,  as  far  as  destruction  is  con- 
cerned, the  inorganic  residue  must  be  dealt  with  some- 
where either  on  the  surface  of  your  beds  or  as  slud^^e, 
80   that  you   may  take  that  as  remaining   constant   all 
through.     Now,    on   the  average  the   suspended   matter 
in    Manchester   sewage  will  contain  40    per    cent,     at 
least  of  mineral  matter.     Now,  that  mineral  matter  will 
always  have  to  be  dealt  with,  so  you  have  left  60  per 
cent,  of  organic   matter.     Now,   we  have  found  from  a 
number  of  experiments  that  the  sludfi:e  left  in  the  septic 
tank — and  in  our  experiments  with  the  open  and  closed 
septic  tank  we  have  always  identical  results — the  sludge 
left,  instead  of  containing  40  per  cent  of  mineral  matter 
will  contain  60  per  cent.,  so  that  there  has  been  a  reduc- 
tion of  the  organic  matter,  and  on  working  that  out  pro- 
portionally  it    works   out  that  about  half   the  organic 
matter  in  the  sludge  has  disappeared,  and  that  appears 
to  me  to  be  on  careful  consideration  as  much  as  the  septic 
tank  alone  will  absolutely  digest ;  that  is  to  say,  work- 
ing at  the  rates  at  which  we   have  been  working.     Of 
oounse,  there  is  this  to  be  said,  that  any  organic  matter 
that  passes  away  with  the  suspended  matter  in  the  efflu- 
ent, and  is  taken  on  to  the  surface  of  the  beds  will  be 
very  readily  oxidised,  or  very  largely  so.     I  am  bound 
to  say  that  is  one  of  the  questions  on  which  I  think  we 
require  a  little  further  time. 

5546.  But  there  is  no  sort  of  dou^t  in  your  mind  that 
inasmuch  as  your  analysis  of  the  sludge  deposit  in  the 
septic  tank  shows  that  somewhat  more  than  half  of  it 
is  organic  matter,  there  must  be  of  necessity  a  steady 
accumulation  in  a  septic  tank? — Of  necessity. 

9547.  And  that  something  will  at  the  same  time  have 
to  be  removed? — ^I  think  ^at  is  unquestionable. 

5548.  And  you  tell  us  that  you  have  determined  upon 
an  estimate  of  a  half  or  two-thirds — probably  something 
between  those  two  figures  had  been  consumed  ;  that  the 
basis  of  your  calculation  is  scarc^y  such  as  to  lead  you 
to  form  a  very  strong  opinion  as  to  that  proportion 
being  one  that  can  be  relied  upon  ?-^I  thinjc  that  would 
be  my  conclusion,  to  discover  what  is  absolutely  de- 
stroyed, absolutely  dissolved  or  given  off  as  gas  is  net 
quite  a  simple  problem. 

5549.  What  you  propose  to  do  in  future  is  to  carefully 
ascertain  what  is  the  average  of  the  suspended  solids  in 
your  sewage,  also  what  is  the  average  of  the  suspended 
solids  in  your  effluent,  and  then  taking  the  difference 
between  the  two  as  representing  what  is  left  in  the  tank 
bv  the  average  gallon,  you  will  multiply  br  ^e  volume 
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Mr.  G.  r.    Ti'hich  has  been  d«alt  with  in  the  ]>eriod,  and  you  wIL 
w^?^?n   in  that  way  with  fair  accuracy  gauge  what  has  been  con- 

4umet  ? — That  is  our  opinion. 

to  y\9K!0,  5550.  You  are  not  now  in  a  position  to  oay  definitely 
A  hat  is  the  amount  consumed,  but  you  think  it  is  about 
half? — ^That  is  my  estimatew  I  have  endeavoured  to 
Kive  you  the  facte. 

5551.  Now,  you  probably  took  some  care  to  aacer- 
7am  the  temperature  not  only  of  the  sewage  but  of  the 
effluents  from  the  septic  tanks? — ^Tes. 

5552.  What  was  the  mean  difference  in  temperature 
between  that  of  the  sewage  and  that  of  the  effluent? — 
WeE,  so  far  as  my  oi>servations  went  I  always  found 
that  there  was  a  slightly  lower  temperature  in  the  efflu- 
ent of  the  septic  tank  than  in  the  sewage  that  went  in. 

5553.  What  difference  in  degrees  ?— rAbout  one  degree 
centigrade,   perhaps. 

5554.  Then  that  would  probably  relieve  you  from 
anxiety  as  to  the  working  of  the  septic  tank  in  all 
weathers? — I  have  not  any. 

5555.  It  is  always  ten  degrees  hotter  than  tlie  atmo- 
sphere ? — Yes. 

5666.  Afi  a  general  rule  what  was  the  minimum  tem- 
perature of  your  septic  tank  ? — 6  to  9  degrees,  I  will  show 
that. 

5557.  If  you  can  without  much  trouble? — They  are 
here.  I  think  the  lowest  temperature  that  I  have  here 
is  6'5  Centigrade  ;  that  would  be  about  40  deg.  Fahren- 
heit ;  something  thereabout. 

5558.  You  would  not,  I  suppose,  find  that  you  had 
ice  on  the  top  of  the  septic  tanks?— No  ice  on  the  top 
of  the  septic  tanks,  but  we  have  had  snow  on  the  top  of 
the  scum. 

5559.  Did  you  find  the  scum  itself  useful  in  preserving 
the  heat  of  the  septic  tank? — ^That  is  so,  yes. 

5560.  The  snow  gathered  on  the  surface  of  the  scum  ? 
— The  snow  gathered  on  the  surface  of  the  scum. 

5561.  And  the  scum  itself  is  a  bad  conductor  of  heat  ? 
—Yes. 

5562.  So  that  in  winter  this  is  Quite  useful  to  the  ex- 
tent that  it  conserves  the  heat  of  the  sewage  in  the 
tank? — That  is  what  we  have  found. 

5563.  What  do  you  think  would  be  the  effect  of  the 
varying  flow  due  to  dilution  of  the  sewage  in  connection 
with  septic  tank  treatment.  What  I  mean  is  that  if  you  * 
arrange  your  septic  tank  to  take  a  certain  speed  of  normal 
flow,  when  you  get  dilution  by  rain  you  would  get  a 
quicker  flow  through  the  tank  ;  have  you  been  able  at 
all  to  gauge  what  the  effect  of  such  dilution  would  be  ? 
— ^We  have  worked  our  tank — the  open  septic  tank — ^just 
according  to  the  flow  of  the  sewage.  If  there  was  a 
storm  there  would  be  a  greater  head  in  -t^e  bypass,  and 
consequently  it  would  receive  more  at  one  period,  and 
we  have  not  found  that  it  seriously  affected  the  results. 

5564.  You  never  reach  sucJi  flow  as  would  for  instance 
wash  out  the  septic  tanks?— Oh,  no. 

5565.  And  you  do  not  anticipate  that  with,  say,  three 
dilutions,  there  would  be  any  danger  of  injuring  the 
septic  conditiono  of  the  t^nk  ?— No,  not  with  three  dilu- 
tions. 

5566.  {Professor  Ramsay,)  In  filling  the  septic  tank 
do  you  draw  through  the  middle  of  the  pipe  through 
which  tho  sewage  flows? — There  is  a  bypass  which  is 
18  inches  from  the  invert  of  the  sewer. 

5567.  Do  you  think  that  that  gives  a  fair  sample  of 
the  sewage  ? — ^As  far  as  our  experiments  have  gone  ;  I 
have  made  some  determinations  ;  I  have  used  the  small 
settling  tank  at  the  inlet  of  tlie  large  tank  and  bucketted 
out  the  sludge  from  that  volume  of  sewage  and  found 
that  there  was  an  amount  comparable  to  what  we  should 
h«ive  got  from  ordinary  sewage,  and  so  I  calculate  that 
practically  there  was  very  little  difference.  It  is  a 
point  which  is  rather  difficult  to  determine,  because  it 
has  always  been  difficult  to  get  a  sample  evMi  of  raw 
sewage  which  shall  be  right,  taking  the  whole  thing  from 
the  bottom  of  the  sewer,  but  as  uir  as  we  could  tell  we 
got  a  pretty  fair  sample. 

5568.  The  sewage  contains  a  quantity  of  tar,  does  it 
not?— Well,  hardly  of  tar,  but  of  tar  products. 

5569.  Would  they  not  float  ? — ^In  many  csj^es  we  get  oils 
and  such  like,  and  certain  light  matters  would. 

5570.  Do  they  affect  tiie  septic  tank  at  all,  or  uo  they 
enter  it? — They  enter  it  and  we  can  smell  the  tarrv  odonr. 
My  feeling  about  it  is  rather  that  they  have  acted  to 


some  extent  as  deodorants,  and  consequently  we  have 
had  less  trouble  on  the  score  of  smell  than  we  might 
otherwise  have  had. 

5571.  (Chairman,)  I  omitted  to  ask  you  if  you  had 
found  any  nuisance  arise  from  smell  from  this  septic 
tank  dealing  with  these  2,000,000  gallons  ?— Only  I  think 
in  certain  conditions  of  the  atmosphere.  If  you  have  a 
veiy  quiet  muggy  night,  so  that  the  gases  cannot  get  away 
and  are  held  over  the  surface  of  the  tazik,  then  there  is 
rather  an  unpleasant  odour  aibout  it,  but  on  a  day  like 
to-day — well,  the  Commissioners  could  tell  for  themselves 
that  there  is  practically  no  odour. 

5572.  Have  you  examined!  and  analysed  the  gases  so  as 
to  form  an  opinion  as  to  what  those  gases  mostly  are  ?— 
Yes  ;  we  found  that  they  consisted  of  nearly  90  per  cent, 
marsh  gas. 

5573.  Which  is  inodorous? — ^Yes. 

5574.  General  Carey  wishes  me  to  ask  you  as  to  the 
depth  of  sludge  in  your  septic  tanks.  Tou  have  no  doubt 
tested  that  at  various  periods  and  taken  a  record  of  the 
depths  of  sludge  ? — ^Yes. 

5575.  Have  you  at  different  periods  in  the  history 
of  your  septic  tank? — ^Well,  since  starting  this  ne»w  one 
we  have  taken  it  practically  every  week. 

5576.  And  you  have  a  record  of  those  ? — ^And  we  have 
a  record  of  those. 

6577.  Now  we  may  pass  away,  I  think,  from  the  septic 
tanks.  What  the  Bivera  Committee  have  had  in  their 
minds  has  been  the  septic  tank  as  a  first  process  and  con- 
tact filtration  as  a  second  ? — ^Yes. 

5578.  Speaking  generally,  do  you  tEink  that  a  good 
enough  result  can  be  brouglit  about  by  single  contact 
filtration  of  septic  effiuent  ? — -Yes,  as  regards  the  filtrate  ; 
as  a  rule  that  is  so,  provided  that  you  <?et  a  thoroughly 
septicised  sewage.  With  merely  settled  sewage  I  do  not 
think  that  you  can  get  a  good  enough  result  with  one 
contact. 

5579.  My  inquiry  relates  entirely  to  the  treatment  of 
septic  effiuent  ? — ^Well,  with  one  contact  you  can  get 

5580.  Tou  wish  the  Commissioners  to  understand  that 
with  one  contact  you  can  rely  upon  dbtaining  an  effiuent 
which  may  be  within  the  Mersey  and  Irwell  standard  ? — 
Not  alwisys  within  their  numerical  standard  ;  no,  that  I 
cannot  always  attain. 

5581.  You  suggest  that  though  it  may  be  somewhat 
above  the  Mersey  and  Irwell  sftandard  yet  it  will  not  be 
putrefactive  ? — ^No,  because  under  any  good  conditions  it 
should  have  enough  nitrate  to  prevent  iSiat. 

5582.  You  have,  of  couiBe,  made  frequent  tests  by  in- 
cubation ? — Every  sample  practically  is  tested  in  that  way. 

5683.  Now  by  double  contact  filtration  you  have  ob- 
tained, I  ibelieve,  very  good  results,  have  you  not  ? — Oh, 

yes. 

• 

5584.  Steadily  below  the  Mersey  and  Irwell  standard? 
— Without  any  exception  at  all. 

5585.  And  of  course  it  is  not  putrefactive  ? — Oh,  no. 

5586.  Well,  now,  in  your  experiments  in  contact  filtra- 
tion you  have  used,  I  believe,  the  four  small  beds,  A, 
B,  C,  D,  with  which  you  have  'been  previously  experi- 
menting with  crude  sewage  and  settled  sewage  ? — ^Yes. 

5587.  Did  you  reconstruct  them  for  the  purpose  of  the 
experiments  with  septic  effiuent  ? — No ;  for  that  purpose 
one  bed — bed  A — was  reconstructed  in  order  to  get  finer 
material,  but  not  simply  in  order  to  experiment  with 
septic  effluent,  but  bed  O  began  with  settled  sewage  for  a 
short  time,  and  then  took  septic  effiuent. 

5588.  The  results  obtained  would  be  more  relative  if 
we  took  them  from  the  time  that  you  reconstructed  the 
beds  ? — Yes. 

5589.  Now  A  and  C  have  been  primary  beds  ? — Always. 

5590.  D  has  been  a  secondary  bed  used  in  connection 
with  these  primaiy  beds  ? — ^Yes. 

5591.  AimI  B  is  a  bed  which  you  have  used  for  indepen- 
dent experiments  in  sii^le  contact? — ^Yes. 

5592.  What  was  the  area  of  these  ibedis ;  was  the  area 
the  same  for  them  all  ? — ^Yes,  it  woiked  out  equal  to  a 
rectangular  bed  of  one  76-3  of  an  acre.  It  would  take 
76 '3  of  such  beds  as  those  to  make  an  acre. 

5593.  What  was  the  volume— the  water  capacity  of 
these  beds  originally  ?— 5,000  gallons  «ach. 

5594.  What  was  the  water  capacity  before  any  of  thh 
filtering  material  was  put  in?— 10,000  gallons. 

5595.  Was  the  5,000  common  to  all  four?— Yea 
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5596.  And  was  that  he  original  water  capacity  at  the 
time  when  this  series  of  experiments  began  ? — ^No,  it  was 
rather  less  at  that  time. 

5i597.  How  did  the  material  in  those  beds  differ  at  the 
Dime  when  you  uaed  them  for  dealing  with  septic  effluent? 
—The  material  of  A  was  the  same  material  as  had  been 
used  previously  for  dealing  with  settled  and  raw  sewage, 
but  it  was  broken  down  more  finely,  and  I  can  tell  you 
in  one  moment — ^the  material  was  broken  down  so  as  to 
fnss  a  -three-quarter  inch  mesh,  and  be  rejected  by  one- 
eighty,  whereas  previously  we  had  to  put  in  as  big  as 
two  inches. 

5596.  Well,  in  D  and  B  the  material  did  not  differ  very 
much,  did  it  ? — ^No,  the  only  difference  that  was  made  in 
D  and  B  was  simply  to  put  coarse  material  over  the 
drain  pipes.  The  main  body  of  the  bed  was  not  altered, 
but  it  was  found  that  unless  the  drain  pipes  were  pro- 
tected by  coarse  mAt^rial  the  channels  tended  to  get 
choked  with  th«  d-etritus,  the  waste  from  the  bed.  We 
have  had  no  trouble  since,  we  have  just  protected  them 
'by  big  lumps  of  cinders  so  as  to  improve  the  drains  ;  it 
was  simply  a  question  of  drainage. 

5599.  And  I  think  you  have  found  that  the  work  of 
the  secondary  beds  was  much  lighter  work  than  that  of 
the  primary  beds? — Unquestionably. 

5600.  That  the  bacterial  action  was  more  rapid  upon 
dissolved  than  upon  suspended  impurities  7 — ^There  is  no 
doubt  of  that,  I  l^ink. 

5601.  And  I  think  you  reached  this  result,  did  you 
not,  that  you  could  use  one  secondiary  bed  as  following 
two  primary  beds? — I  think  we  have  proved  that  almost 
to  demonstration. 

5602.  Then  as  the  result  of  your  experiments  you  pro- 
balbly  have  reached  a  conclusion  how  much  burden  couJd 
be  thrown  upon  primaiy  and  secondary  beds  ;  will  you 
give  us  your  opinion  upon  th«t  ? — I  have  come  to  the  -wn- 
clusion  that  you  can  work  your  jorimaiy  beds  at  an  averagb 
speed  of  three-quarters  of  a  million  gallons  per  acre;  per 
day  if  you  give  them  Sunday's  rest  and  one  week's  rest 
in  a  month. 

5603.  When  you  say  three-quarters  of  a  million  gallons 
per  acre  per  day,  do  you  mean  the  coarse  bed  only  or 
are  you  including  double  filtration? — I  am  speaking  of 
the  first  bed  only — that  is  to  say,  I  calculate  my  contents 
of  the  bed  at  one-quarter  of  a  million  ;  at  three  fillings, 
that  amounts  to  three-quarters  of  a  million. 

5604.  For  that  bed  only  ?— For  that  bed  only. 

5605.  When  one  speaks  of  three-quarters  of  a  milHon 
for  one  secondary  bed  following  a  primary  bed,  the 
volume  per  acre  will  be  half  that? — -Half  that.  If  you 
had  one  bed  for  one  secondary,  certainly  yes. 

5606.  If  you  have  one  secondary  bed  following  two 
primary  beds  what  would  be  the  volume  per  acre  which 
you  would  find  practical  to  be  dealt  with? — ^Well,  that 
would  >be  half  a  million  gallons. 

5607.  The  results  you  told  us  just  now  were  thoroughly 
Tehable,  being  below  the  Mersey  and  Irwell  standard 
with  double  contact,  and  were  frequently  up  to  that 
standard  with  single  contact  7 — ^Tes. 

5608.  And  you  find  that  by  mixing  single  contact 
effluent  and  double  contact  effluent  you  were  able  to 
l)ring  about  non-putrefactive  mixture? — Oh,  yos.. 

5609.  You  made  the  same  experiment  with  Ship  Oanal 
water — ^puttinff  the  double  contact  effluent  with  an  equal 
quantity  of  ^ip  Oanal  water,  and  you  found  that  as  a 
result  there  was  purification  in  that  volumo  of  Ship  Oanal 
water? — That  was  so,  even  more  than  its  own  bulk  could 
be  purified. 

5610.  And  I  think  you  tried  a  very  large  number  oi 
samples  ? — Oh,  yes,  day  by  dlay  for  several  months. 

5611.  So  that  the  conclusion  you  came  to  m  one  in 
which  you  have  complete  confidence  ?— Absolutely. 

5612.  And  it  points  to  this,  does  it  not,  that  these 
effluents  had  within  them  the  elements  of  further  purifica- 
tion ?— -Certainly. 

5613.  And  were  not  liable  like  certain  chemical  preci- 
pitation effluents  to  secondary  decomposition? — Not  at 
all.  I  have  on  the  wallfl  charts  showing  these  tests  if 
'!lie  Oommiflsioiiers  would  care  to  soe  how  they  have  varied. 

5614.  We  have  already  before  us,  and  most  of  us  have 
fitudied  th«  very  full  details  you  have  given  us  on  thai 
point ;  I  think  we  need  not  spend  any  more  time  on  it. 
Now  we  come  to  the  veiy  important  question  as  to  whether 
leeing  you  can  obtain  good  recnilts  as  to  the  quality  of 
the  effluents  by  this  system  of  bacterial  treatment  you  can 
also  maintain  the  capacity  of  your  beds.     You  liave  no 


doubt  analysed  your  filtrates  with  the  view  to  ascertaining    Mr.  0.  F, 
the  quanti^  of  suspended  solids  in  your  filtrates  ? — ^Yes.      ^  'S'ftfl. 

5615.  And  I  think  you  analysed  the  sludge  left  upon  gej^wMoo 
the  beds— on  the  primary  beds  ;  did  you  analyse  any  of       ^^ 
che  matter  which  was  left  behind? — We  have  analysed 

the  suspended  matter  which  went  upon  th«m. 

5616.  You  did  not  analyse  any  of  the  sludge  which 
was  on  the  surface  of  the  primary  beds,  did  you  ? — No ; 
as  a  matter  of  fact  we  have  never  had  any  actual  sludge 
with  the  exception  of  that  we  got  upon  the  surface  of  the 
bed  accidentally  the  other  day  ;  nothing  that  you  could 
really  call  sludge  except  a  certain  amount  of  suspended 
sludgy  matter  in  the  channels ;  that  has  been  analysed. 

5617.  I  think  you  have  no  doubt  that  part  of  the  sus- 
pended matters  are  indigestible  by  bacteria  ? — "So  doubt 
whatever. 

5618.  As  they  do  not  come  out  with  the  effluent,  the^ 
appear  \o  remain  behind? — 'Undoubtedly. 

5619.  And  unless  they  remain  behind  on  the  surface 
of  the  bed  where  they  can  be  removed  they  ara  irremov- 
able ? — ^They  are  irremovable. 

5620.  Then  you  would  expect  to  find  a  gradual  silt- 
ing up  of  those  beds,  unless  you  can  succeed  in  keep- 
ing these  indigestible  matters  on  the  surface  of  the 
beds? — That  is  not  necessarily  so,  I  think,  if  I  may 
speak  with  due  deference,  inasmuch  as  the  siispende'l 
matte):  itself  has  a  certain  water  holding  capacity ;  that 
is  to  say  that  you  could  imagine  that  you  could  get  a 
certain  amount  of  sand  and  grit,  and  so  on,  which  would 
fill  up  the  large  interstices  of  your  filter  to  such  an 
extent  that  no  more  would  get  down,  but  I  think  sus- 
pended matter  itself  would  have  a  water  capacity, 
smaller  no  doubt  than  the  original  material  put  in,  but 
still  a  definite  capacity  till  you  might  have  nothing  but 
a  sand  filter  throughout  So  far  as  that  was  concerned 
the  character  of  such  suspended  matter  would  depend 
upon  the  particular  district  in  which  the  works  were 
situated. 

5621.  But  if  that  matter  got  down  into  the  body  of  the 
bed  it  must  to  that  extent  reduce  capacity  ?^— To  that 
extent. 

5622.  Now,  you  noticed  at  first  with  all  your  experi- 
ments with  contact  beds  an  early  rapid  reduction  of 
capacity  ? — Always. 

5623.  Which  you  attribute  no  doubt  rightly  to  a 
settlement  of  the  material  ? — ^Yery  largely,  and  also  the 
bacterial  growth.  On  opening  up  a  filter  the  material 
is  seen  to  be  covered  with  a  jelly-like  growth,  presum- 
ably of  organisms. 

5624.  So  that  the  early  reduction  of  capacity  is  due  to 
consolidation,  and  to  the  formation  of  this  slimy  mass 
upon  the  surface? — And  also  no  doubt  to  a  certain 
amount  of  suspended  matter  getting  in;  those  three 
things  at  the  beginning. 

5625.  Now  the  vital  point  is  to  know  whether  you  can, 
after  making  allowance  for  this  early  and  inevitable 
reduction  of  capacity,  maintain  the  capacity  of  your 
beds  for  a  sufficiently  long  period.  You  have  found, 
have  you  not,  a  tendency  to  accumulate,  and  with  a 
view  to  avoid  that  you  have  used  fine  material  on  the 
surface  of  your  bacterial  beds,  such  surface  to  act  as  a 
strainer,  and  to  keep  back  the  solids?— That  is  our  in- 
tention, yes. 

5626.  Well,  now,  how  far  have  you  been  successful  in 
keeping  upon  the  surface  of  the  bacterial  beds  indigest- 
ible solids  ? — If  we  confine  our  attention  to  septic  tank 
effluent,  as.I  presume  you  want  to  do. 

5627.  Yes  ;  we  are  speaking  of  that  only  ?— -The  beds 
connected  with  the  septic  tank  have  been  working  for 
eighteen  months,  and  the  surface  has  risen  some  six 
inches  above  its  original  level,  and  the  capacity  of  those 
beds  has  not  yet  become,  or  only  at  the  present  moment 
is  it  about  equal  to  one-third  the  original  capacity. 

5628.  When  you  say  one-third  the  original  capacity 
you  do  not  mean  one-third  of  the  water  capacity,  but 
the  capacity  before  the  material  was  put  in  ^Yes. 

5629.  In  this  case,  therefore,  you  are  alluding  to  one- 
third  of  10,000?— No  ;  in  the  case  of  the  septic  tank  bed 
the  original  capacity  was  not  10,000. 

5630.  I  beg  your  pardon,  I  thought  you  were  alluding 
to  those  ? — ^The  filters  ;  I  have  not  noticed  the  A,  B,  C, 
and  D  filters  ;  I  am  bound  to  say  I  have  not  noticed  that 
same  piling  process,  and  I  do  not  quite  understand  the 
n;ason  why  that  is  so,  and  in  the  case  of  A  and  C  beds 
the  capacity  has  gone  down  more  than  in  the  case  of 
other  beds  that  we  have  been  experimenting  with. 
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Mr.  0.  J.        5631.  The  original  capacity  of  those  hw\s  was  10,0(K)  ? 

u^aIo.   —Of  those  beds. 

«.  TT~,Inl      &^2.  A,  B,  0,  and  D?— Those  were  all  10,000  origin- 

26  July  1900.     «  >      >      >  i  o 

3633.  And  the  three  you  have  given  me  was  3,333  ? — 
Yes. 

5634.  What  is  the  present  capacity  of  A,  B,  C,  and  D  ? 
I  can  give  you  those  exact  figures.  The  present  capacity 
of  A  is  2,280,  of  B  3,510.  That  is  aboye  one-third, 
although  B  has  been  working  for  nearly  a  year  as  a 
primary  filter ;  and  C  is  2,480,  and  D  well,  of  course, 
we  took  a  foot  away  from  the  top  of  D,  but  practically 
our  measurements  show  that  there  is  very  little  loss  of 
capacity  there — that  is  beyond  the  initial  figures. 

5636.  Then  A  and  C  have  fallen  below  the  one-third  1 
A  and  C  have  fallen  below  the  one-third. 

5636.  Do  you  expect  to  recover  them  up  to  the  one- 
third  1—1  am  a  little  doubtful  whether  we  shall  do  it, 
unless  we  give  them  a  very  long  period  of  rest.  They 
taught  us  this  lesson,  that  it  is  necessary  to  rest  your 
beds  frequently.  If  you  allow  them  to  decrease  below 
a  certain  limit  it  takes  a  proportionately  longer  time 
for  them  eventually  to  increase  in  capacity.  They  have 
increased,  I  may  say,  considerably.  We  got  them  down 
so  low  as  about  1,600,  and  they  have  increased  by  1,000 
gallons,  and  these  figures  that  I  have  given  you  are  not 
dry  capacities,  they  are  all  measured  under  working 
conditions.  They  have  increased  from  a  net  capacity  of 
1,500  up  to  2,500.  Of  course,  we  had  worked  them  for 
six  months  practically  at  four  fillings  a  day  with  very 
little  rest ;  if  we  had  worked  them  more  steadily,  and 
never  allowed  them  to  go  down,  then  I  think  we  should 
have  been  able  to  get  ttiem  up  as  we  have  got  B  up,  as 
B  has  been  working  in  the  same  manner  as  the  others, 
only  we  have  never  allowed  it  to  go  down  quite  so  far, 
and  you  will  see  the  capacity  now  is  considerably  more 
than  it  was  some  time  ago,  and  is  more  really  than  one- 
third.  No  doubt  if  we  give  these  two  beds  six  months 
rest,  or  something  like  that,  we  could  pick  them  up 
very  considerably,  but  the  plan  seems  to  be  never  to 
allow  them  to  go  down,  to  give  them  frequent  periods  of 
rest  and  never  over  work  them. 

5637.  So  watch  your  beds  that  you  never  let  the 
capacity  get  too  low  ? — So  watch  your  beds  that  you 
never  let  the  capacity  get  too  low,  that  is  I  think  what 
you  should  do. 

5638.  Now,  this  bed  B,  you  tell  us  you  have  been 
working  very  hard  lately  as  a  single  contact  bed,  deal- 
ing with  septic  effluent  ?— Yes. 

5630.  It  would  be  interesting,  I  think,  to  know  to 
what  extent  vou  did  work  it  ?— We  worked  it  from  the 
date  that  we  began  to  work  A,  C,  and  D  together ;  ever 
since  then  B  has  worked  as  a  first  contact  bed  ;  and  has 
been  worked  as  such  ever  since.  It  was  worked  from 
October  6th,  1890,  to  February  23rd,  1900,  as  a  primary 
bed,  four  fillings  per  day,  except  Sundays,  and  during 
that  time  the  average  quantity  dealt  with  per  acre  was 
1,270,000  odd  gallons,  that  is,  of  course,  working  it  really 
much  harder  than  we  should  propose  to  work  it  under 
the  best  practice,  and  under  those  circumstances  only 
16*3  per  cent,  of  the  samples  were  putrefactive. 

5640.  And  the  capacity  of  that  bed  has  been  main- 
tained without  your  doing  more  than  raking  over  the 
surface  ?— That  is  all  we  have  done. 

5641.  There  has  been  no  reconstruction  during  that 
period  ? — No,  with  the  exception  that  quite  recently-— 
within  the  last  day  or  two  we  have  taken  off  the  top  six 
inches,  and  put  finer  material  on ;  that  is  all  that  has 
been  done. 

5642.  There  is,  I  suppose,  a  certain  risk  in  coming  to 
any  final  conclusions  upon  which  to  base  a  scheme  of 
sewage  treatment  for  Manchester  upon  experiments 
upon  so  small  a  scale? — ^There  is,  no  doubt,  a  certain 
risk.  One  has  to  estimate  the  effect  of  certain  points 
on  the  large  scale.  That  is  always  what  we  have 
tried  to  do.  We  have  always  endeavoured,  if  I  may  use 
the  expression,  to  think  in  the  large,  though  we  bad  to 
work  in  the  little. 

5643.  In  those  beds  A,  B,  C,  and  D  you  have  sloping 
sides,  which  give  the  full  depth  of  the  bed  to  only  a 
very  limited  area  in  the  centre  ? — Well,  the  area  is  per- 
haps hardly  so  very  limited,  that  is  to  say,  there  is  17 
feet  in  diameter — a  square  of  17  feet. 

5644.  Which  is  the  full  depth?— Which  is  the  full 
depth,  yM. 


6645.  Bu«-  you  are  at  the  present  time  constructing  * 
contact  bed  of  a  very  much  larger  area? — ^Yes. 

5646.  When  do  you  expect  that  bed  to  be  actually  at 
work  ?-— It  is  a  little  difficult  to  s^y  ;  it  depends  on  how 
we  can  get  material.  Certain  iron  work  has  to  be 
ordered,  which  may  delay  matters,  and  also  it  nr^y  take 
some  time  to  gather  and  screen  cinders,  but  we  hope  to 
be  working  in  the  autumn. 

5647.  What  is  the  area  of  the  bed  you  are  construct- 
ing ? — There  will  be  two  beds,  each  of  half  an  acre. 

5648.  So  you  will  have  one  acre  on  which  to  make 
experinteuts  7 — ^Yes. 

6649.  And  what  is  the  nature  of  the  material  you  are 
proposing  to  use? — ^We  shall  use  very  rough  material 
over  the  drain  pipes ;  the  bulk  of  the  material  will  be 
such  as  i^  retained  by  oae-eighth  mesh^^  that  ia  to  say. 
practically  ordinary  cinders  with  anything  below  one- 
eighth  inoh  meeh  screened  out ;  the  wh(Ae  thoroughly 
mixed,  and  then  we  shall  have  about  six  inches  of 
screenings  -^n  the  top. 

6650.  Then  so  far  as  your  experiments  have  gone,  Mr 
Fowler,  with  these  small  experimental  beds  you  have 
formed  the  opinion  tiiat  it  is  practicable,  dealing  with 
Manchester  septic  effluent,  to  maintain  the  capacity 
of  those  beds  for  a  sufficiently  long  period  to  make  it 
financially  practicable  to  adopt  that  system  ? — ^That  is  my 
opinion  after  careful  watching. 

5651.  It  is  a  delicate  operation  which  requires  oarefal 
watching? — There  is  no  doubt  whatever  about  that. 

5652.  Have  you  formed  an  opinion  as  to  the  acreage 
that  would  be  required  based  upon  your  experience  for 
the  treatment  of  the  Manchester  sewage? — It  would  a 
great  deal  depend  upon  how    the  acreage  was  laid  out. 

6653.  What  is  in  fact  the  acreage  recommended  by 
your  experts? — 60  acres  of  beds  for  the  ordinary  sew- 
age, and  26  acres  for  storm  beds. 

5654.  25  acres  for  storm  beds? — In  addition,  yes. 

5665.  Would  those  storm  beds  be  conatmcted  in  any 
way  like  the  one  which  you  showed  us  to-day,  a  simple 
bed  constructed  cheaply  with  18  inches  of  cinders? — ^18 
inches  to  two  feet,  that  is  our  idea,  constructed  simply 
on  those  lines;  perhaps  a  little  better  than  that  you 
saw  to-day,  but  much  according  to  those  lines. 

5666.  The  result  you  obtain  from  Uiose  beds,  is  that 
you  may  overwork  them  for  a  time  during  storm  times, 
provided  you  give  them  ample  rest  after  those  periods » 
— ^That  is  so. 

5667.  And  the  effluents  you  obtain  have  not  been 
putrefactive  ? — ^We  can  fill  them  twice  a  day  with  ordinary 
sewage  with  the  certainty  that  they  will  not  be  putre- 
factive. We  have  not  made  suffiitnent  experiments  with 
storm  sewage  to  make  us  quite  certain  how  many  times 
we  can  fill  them  rapidly  under  those  conditions. 

5658.  The  first  diluticm  after  rain  is  very  bad  indeed. 
is  it  not  ? — ^Yes. 

5659.  Worse,  in  fact,  than  your  normal  flow  of  sew- 
age?— ^As  regards  suspended  matter. 

5660.  Worse  than  the  normal  flow  of  sewage  generslly  7 
— ^Not  necessarily  so,  but  there  is  a  greater  increase  in 
the  suspended  impurities  than  in  the  dissolved  impurity, 
I  should  be  inclined  to  say,  though  it  varies.  There  is, 
perhaps,  no  absolute  rule  even  in  that  respect. 

5661.  Seeing  that  tiie  early  dilution  of  sewage  is  very 
bad.  there  ought  not  to  be  any  increased  burden  of 
work  thrown  upon  the  bacteria  beds  until  after  the  first 
dilution  has  passed? — "So. 

5662.  In  other  words,  the  area  which  you  calculate 
for  your  beds,  should  be  based  not  upon  your  normal 
flow,  but  upon  your  normal  flow  plus  that  first  dilution  7 
— ^Yes,  reckoning  storm  beds  and  aU  included,  and  also 
additional  tanks. 

5663.  Do  you  not  think  that  the  first  dilutions  should 
be  dealt  with  by  the  same  thorough  process  as  the  normal 
flow? — ^To  be  thoroughly  adequate,  I  think,  yes,  it 
should  Vi^. 

5664.  The  later  dilutions,  of  course,  are  very  weak 
in  impurities,  and  may  be  dealt  with  in  a  special  way? 
— Just  so.  If  I  might  be  allowed  one  moment  there, 
it  is  possible,  that  by  mixing  the  filtrate  from  subsequent 
t>rocesses,  that  although  perhaps  one  contact  would  not 
be  enough  to  purify  your  first  flow,  yet^  the  filtered 
effluent  which  comes  immediately  afterwards  would  Ix* 
so  good  that  the  mixture  of  the  two  would  give  y>u 
adequate   purificalbion. 
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5665.  It  is  an  interesting  suggestion ;  that,  of  course, 
is  borne  out  by  your  experiments  of  Uie  Snip  Oonal  mix- 
tures?— ^Possibly  this  would  be  the  plaoe  just  to  make 
that  point  rather  strongly,  as  I  should  wish  to  do,  that  I 
do  feel  that  there  is  a  possibility  of  utilising  this  residual 
power  of  self  purification  in  certain  effluents,  to  continue 
itself  subsequently,  especiaUy  if  the  mixture  is  exposed, 
as  far  as  possible,  to  air,  say  through  a  culvert  or  some 
channel  where  it  might  be  dashed  together.  You  hare 
all  the  factors  there  for  tiie  simple  purification  of  sew- 
age by  the  addition  of  air,  the  filtrate  being  as  it  were, 
inoculated  by  the  nitrifying  bacteria.  That  seems  to 
me  to  be  the  direction  in  which  we  should  look  for  some 
progress  to  be  made. 

5666.  Your  experiments  have  been  confinled  to  con- 
tact filtration  ;  you  have  not,  I  believe,  as  yet  made  any 
experiments  in  continuous  filtration  of  sejitic  effluient  over 
coarse  material  ? — ^Not  over  coarse  materiaL 

5667.  I  believe  you  are  about  to  make  some  experiments 
of  which  you  will  tell  us  later  on.  The  questions  I  have 
asked  you  have  been  to  get  on  our  MinuiSes  a  statement 
of  fact.  I  have  avoided  asking  you  critical  questions  as 
the  Commissioners  will  have  you  oefore  them  again,  when 
they  will  have  an  opportunity  of  probing  in  various  diifeo- 
tions  the  evidence  you  have  put  oefore  us.  I  personally 
thank  you  for  the  way  in  which  you  have  answered  those 
questions,  and  for  the  ready  information  which  you  have 
at  all  times  placed  at  our  disposal.  Does  any  member 
wish  to  ask  you  any  questions  ?  (After  a  pause.)  We  thank 
you,  and  I  do  not  think  it  is  necessary  Uiat  we  should  call 
Mr.  Wilkinson,  or  that  we  should  trouble  Sir  Bosdin 
Leech  with  any  questions.  The  ground  has  been  gone 
over  very  carefully  by  Mr.  Fowler,  and  I  think  will  serve 
our  present  purpose. 

(Sir  Bosdin  Leech,)  There  are  a  number  of  diagrams 
here. 

(Witness.)  There  is  rathW  an  interesting  Series  of 
storm  curves  here.  We  have  a  curve  of  the  maximum 
storm  which  we  have  ever  had  at  Manchester  at  the  melt- 
ing of  the  snow. 

5668.  How  many  volumes  is  the  maximum  ;  how  many 
dilutions  of  the  normal  flow  do  you  obtain  at  the  works  ? 
—We  have  had  a  rate  of  200,000,000. 

5669.  But  that  is  only  for  a  very  short  period? — ^That 
is  only  for  a  very  short  period.  There  vou  have  90,000,000 
continuing  for  two  days  ;  an  average  for  two  days. 

5670.  Then,  are  we  to  take  it,  Mr.  Fowler,  that  the 
maximum  you  have  met  with  for  a  lengthened  period  has 
been  three  times  the  normal  flaw?^Three  times  the 
normal  flow,  distinguishing,  that  is  to  say,  between  that 
and  absolute  flow,  as  I  would  call  it,  but  we  have  had  up 
to  200,000,000  gallons,  at  that  rate  that  is,  or  six  times—-* 
over  six  times  30,000,000  you  see. 

567L  But,  surely,  heavy  rains  lasting  two  days  or  last- 
ing three  days  would  give  you  more  than  thre^e  dilutions, 
would  it  not  7 — ^Not  on  the  average. 

5672.  Then  we  must  infer  that  the  storm  overflows  come 
into  operation  at  three  times? — ^Well,  our  experience  is 
that  they  operate  adversely  to  us  ;  tliat  they  let  in  river 
water. 

5673.  Anyway,  as  a  fact,  you  do  n<yt  receive  at  the  works 
at  any  time  more  than  thi'ee  dUutioa^  oxcept  at  very  short 
periods  ? — Only  at  very  short  periods  ;  the  maximum 
storm  we  have  record  of,  you  see  from  (Jiese  being  three 
times  30,000,000.    Of  course  I  must  always  distuiguish 


between  the  30,000,000  and  the  forty  gallons  per  head  ;     Mr,  o,  r. 
including,  of  course,  subsoil  water,  we  should  often  have     '<«»««'» 
as  much  as  60,000,000,  you  see.  m.bc.,  F.i.a 

5674.  The  country  comprised  within  the  City  of  Man-  ^  ^J«»- 
Chester  is  Very  flat  f— Yes. 

5675.  And  you  have  at  all  times  subsoil  water? — ^I  think 

80. 

5676.  (Major-General  Carey,)  The  dry  weather  flow 
includes  the  trade  water  ? — ^Includes  the  trade  water,  yes. 

(Sir  Bosdin  Leech,)  A  question  was  asked  about  the 
population ;  it  was  ffiven  as  530,000.  I  should  like  to 
amend  that,  I  see  it  is  555,910  ;  I  take  it  that  that  is  the 
last  census. 

(Chairman.)  The  530,000,  which  I  took  from  your  own 
documents,  was  probably  the  last  census,  and  the 
555,910  is  the  estimated  population. 

(Sir  Bosdin  Leech,)  555,910  is,  no  doubt,  the  eetimatex;. 
population.  The  expenditure  on  sewage  works  by  Man- 
chester has  been  £818,035  lis.  8d.  You  asked  a  question 
at  the  works  what  the  expenditure  was,  and  I  told  you 
30s.  per  head,  divided  as  follows :  Intercepting  sewer*., 
£594,972;  tanks,  etc.,  £50,805;  filter  beds,  £1,3^: 
huid,  £43,831 ;  under-drainage,  etc.,  of  land,  £12,448  ; 
■teamer,  £24,837  ;  contingencies,  £89,740  ;  making  a  total 
of  £818,035.  ^ 

5677.  And  what  is  the  annual  cost  to  the  dtisens  of 
Manchester  in  connection  with  the  treatment  of  sewage  i 
£13,206.     That  includes  precipitation  and  chemicals. 

5678.  And  interest  on  outlay  at  Bavyhulme?— Th:-< 
does  not  include  the  interest ;  that  is  the  actusJj  expendi- 
ture, sir. 

5679.  The  expenditure  at  Davyhuhne  is  £13,000?— 
£13,000  for  precipitation  tokd  chemicals,  sludge  disposal, 
and  fiHtratioQ. 

(Witness.)  That  is  exclusive  of  interest  on  capitaL 

5680.  What  I  want  ito  get  at  is,  what  is  the  total  cost 
inclusive  of  interest  on  original  ouQay  at  Davyhulme ; 
what  is  the  total  cost  to  the  citizens  of  Manchester  of  the 
disposal  of  sewago 

5680.^  (Sir  Bosdin  Leech.)  The  sum  would  depend  on 
whether  you  include  the  Davyhulme  expenditure  or  the 
whole  expenditure. 

5681.  I  want  the  whole  of  the  expenditure  to  the  City 
of  Manchester  for  sewage  disposal V- Not  including  the 
sewers? 

5682.  I  do  not  want  the  cost  of  sewerinff  the  city  ;  ex- 
penses in  connection  with  sewage  disposal? — ^That  oomes 
to  £218,000  to  be  added  rougSy ;  the  interest  on 
£218,000. 

5683.  To  be  added  to  the  £13,000  ?— Yes. 

5684.  £218,000;  we  take  that  at  £7,000?— Well 
roughly  between  £7,000  and  £8,000. 

5685.  That  means  £21,0007— If  you  put  inlierest  sad 
all  you  may  very  fairly  put  £20,000  a  year. 

5686.  About  £20,000  a  year  is  the  cost  of  sewage  dis- 
posal at  Manchester? — Yes. 

5687.  (Mr,  KUlick.)  As  Mark  Twain  says,  as  far  asyoix 
have  got? — ^As  far  as  we  have  got. 

5688.  (Chairman.)  I  think  what  Mr.  KilHck  means  is 
that  for  that  cost  you  acoompHsh  purificatioH  of  50  per 
oont,  which  is  not  very  much. 
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Mr.  0.  J.  Whittakbr, 

5689.  (Chairman,)  You  are  the  chairman  of  the  Ac- 
crington  and  Church  Outfall  Sewage  Board?— Yes. 

5690.  And  you  have  been  connected  with  these  works 
since  1 — ^Nine  years  ;  this  is  my  ninth  year. 

5691.  What  is  the  combined  population  with  which  you 
deal?— 54,000. 

5692.  What  is  the  volume  of  sewage  ? — 1^  million  gal- 
lons. 

5693.  Normal  dry  weather  flow  ? — 1^  million  gallons. 

5694.  To  what  extent  do  you  receive  storm  waters?^ — 
Three  voliunes  on  to  the  works. 

5695.  You  receive  three  volumes  and  deal  with  three 
.volumes  in  the  first  process  ?— ^Through  the  tanks. 

5696.  What  is  the  nature  of  your  sewage ;  is  it  purely 
'domestic  sewage  ? — ^Purely  domestic  ;  we  have  a  local 
currier — ^not  a  tannery,  but  just  a  currier,  and  a  few  small 

■  dye  works  and  soap  works,  but  the  amount  of  trade  pol- 
lution is  very  smaU — and  a  brewery,  yes. 

5697.  And  have  you  not  a  bleach  works  ? — ^Yes,  but  we 
do  not  receive  the  trade  refuse. 

5698.  And  in  connection  with  the  dye  works,  I  under- 
stand the  dye  refuse  does  not  come  into  your  sewers  to 
any  great  extent? — 'No, 

5699.  Is  it  substantially  correct  that  your  sewage  is 
domestic  sewage? — Is  domestic  sewage. 

6700.  Now  the  treatment  which  you  have  adopted  here 
is  that  of  septic  tanks  followed  by  continuous  nitration? 

— ^Yes  ;  open  septic  tanks. 

6701.  Followed  by  continuous  filtration? — ^Yes. 

5702.  The  total  area  of  your  septic  tanks  is  1,800,000 
gallons? — ^The  present  working  amount,  do  you  mean? 

5703.  The  total  capacity  of  your  septic  tanks? — 
1,800,000  gallons. 

5704.  And  you  work  these  septic  tanks  more  or  less  in 
series  ? — Yes.  The  first  four  are  in  series  ;  in  the  first 
two  one  tank  receives  1,000,000  gallons,  and  any  excess 
of  flow  pajses  into  the  second  ;  the  third  and  fourth  are 
in  series  ;  four  and  five  practically  receive  the  same 
•effluent.         ' 

5705.  Four  and  five  ?— Yes,  equally  distributed. 

5706.  It  is  five  and  six,  is  it  not  ? — ^Five  and  six,  yes. 

5707.  Then  it  has  not  been  practicable  for  you  to  try 
-these  six  septic  tanks  as  independent  septic  tanks  ? — ^No, 
impossible  for  us  to  try  the  experiment. 

5708.  Then  you  are  unable,  from  your  experience,  here 
to  point  to  any  advantage  or  disadvantage  in  working 
septic  tanks  in  series  or  separately? — Only  that  in  at- 
tempting to  work  the  first  two  taiucs  imiformly  we  had 
the  difficulty  of  the  removal  of  the  sludge.  At  the 
present  time  we  have  the  bulk  of  the  sludge  in  one  tank, 
and  those  two  tanks  can  be  chanp:ed.  That  is  then  the 
first  now,  but  we  can,  just  as  readily,  make  number  two 
Bamber  one — that  is.  we  can  chance  them  about. 

5709.  Number  one  and  number  two  are  primary  tanks  ? 
— ^Are  primary  tanks,  yes. 

5710.  And  you  get  the  denser  sludge  in  those? — ^In 
one  of  those  two.  When  this  is  emptied  out  this  will 
become  the  second  tank. 

5711.  Then  I  may  take  it,  Mr.  Whittaker,  from  your 
experience  here  that  it  is  convenient  to  work  septic  tanks 
in  series? — Most  convenient,  chiefly  from  the  point  of 
view  of  removal  of  the  sludge. 


called;  and  Examined. 

5712.  If  you  remove  this  denser  sludge  from  the  earlier 
tanks  of  a  series  you  find,  I  suppose,  that  in  the  later 
tanks  there  is  very  little  accxunulation  of  sludge,  and 
removal  of  sludge  from  the  later  tanks  is  only  requirei 
after  very  long  intervals? — ^That  is  so. 

5713.  Now,  have  you  found  any  advantage  bv  working 
the  tanks  in  series  in  this  respect  that  you  obtain  les;> 
solids  in  suspension  in  the  final  effluent  than  you  would 
do  if  each  were  worked  independently? — ^Yes,  I  believe 
that  is  so. 

5714.  You  think  that  you  can  obtain,  working  them  in 
series,  a  reduction  in  the  solids  in  suspension  in  the  final 
effluent? — ^In  the  tank  effluent  and  also  in  the  final 
effluent. 

5715.  Now,  can  you  give  us  any  idea  of  the  strength  of 
your  sewage ;  what  are  the  figures  in  chlorine  ?^ — ^The 
average  is  about  10,  the  average  over  a  long  series  of 
experiments  ;  the  chlorine  test  is  10— that  is  parts  per 
hundred  thousand. 

5716.  Per  hundred  thousand  ?— Yes. 

5717.  Then  can  you  give  me  any  idea  of  the  suspended 
solids  m  your  crude  sewage? — In. the  crude  sewage — ^the 
total  solids  in  the  crude  sewage  67. 

5718.  I  want  the  suspended  solids?— The  total  sus- 
pended solids  67. 

5719.  Then  you  obtained  that  result  over  a  considerable 
number  of  analyses? — ^Yes,  from  April  to  September. 

5720.  Over  a  period  spreading  from  April  to  Septem- 
ber of  last  year? — ^Yes,  1899. 

5721.  Now  give  us  some  idea  of  the  tank  effluent? — 
The  total  suspended  matter  in  the  tank  effluent  is  about 
18 ;    take  an  average  figure,  17.8. 

57152.  Is  that  per  hundred  thousand  ?— Parts  per  hun- 
dred thousand. 

5723.  Now  what  purification  do  you  obtain  upon  the 
crude  sewage  in  ihe  tank  effluent? — You  mean  on  the 
albuminoid  ammonia. 

5724.  As  measured  by  albuminoid  ammonia  or  oxygen 
absorbed? — ^Eighty  per  cent. 

5725.  Eighty  per  cent,  in  what? — ^Eighty  per  cent  on 
the  albuminoid  ammonia. 

5726.  You  mean  in  the  passage  through  the  septic  tank  ? 
— ^Through  the  septic  tank  is  67  per  cent.  Are  you  re- 
ferring to  the  final  effluent  or  the  tank  effluent  ? 

5727.  What  I  want  to  know  is,  what  does  the  series 
of  the  septic  tanks  accomplish? — An  average  of  50  per 
cent,  purification.  Tank  effluent  on  the  crude  sewage 
is  50  per  cent. 

5728.  Roughly  ?— Roughly  50  per  cent. 

5729.  Both  measured  by  albuminoid  ammonia  and  oxy- 
gen absorbed  ? — ^Both  measured  by  albuminoid  ammonia 
and  oxygen  absorbed,  and  even  suspended  matter. 

5730.  Suspended  matter  is  much  more  because  you 
toid  us  it  was  67  to  17  ? — ^That  is  included,  you  know,  in 
the  analysis.  The  amount  of  purification  shown  is  50 
per  cent.  That  calculates  everything,  both  matters  in 
solution  and  matters  is  suspension. 

5731.  What  is  the  depth  of  the  septic  tanks? — ^Eight 
feet ;  the  whole  of  them. 

5732.  You  do  not  think  that  the  depth  of  the  septic 
tanks  matters  very  much ;  it  might  be  increased,  accord- 
ing to  local  circumstances,  tolO  or  12  feet  without  disad 
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vantage,  or  for  that  matter  with  advantage? — ^With  ad- 
vantage. 

5733.  Merely  as  regards  storage — tkot  as  regards  septic 
action? — ^The  tanks  could  be  run  much  longer  with  the 
deep  tank  than  with  the  shallow  one. 

5734.  That  is  a  question  of  storage? — ^It  is  a  question 
of  storage. 

5735.  But  jou  find  eight  feet  is  sufficiently  d«op  to  give 
the  necessary  chemical  changes  ?^Eight  feet  we  hav« 
found  to  answer  very  well  indeed,  while  six  feet  have 
been  a  failure.  I  have  had  experience  of  a  six-foot 
tank  which  has  been  found  to  be  too  shallow. 

5736.  Why,  what  was  the  result? — The  tanks  wero 
silted  up  before  the  septic  change  taking  place  was  suffi- 
ciently advanced. 

5737.  Then  do  you  think  that  there  would  be  any  ad- 
vantage in  having  deeper  tanks  than  eight  feet  in  this 
respect,  that  possibly  with  the  deeper  tonks  you  might 
have  less  suspended  solids  coming  out  in  the  effluent? 
— No ;  I  think  the  advantage  of  a  deeper  tank  would  be 
in  having  less  surface  exposed  to  the  air.  Tl^ey  would 
be  better  covered,  and  there  would  be  less  nuisance  from 
any  smeU  that  might  arise  from  them  ;  the  gases  would 
be  more  confined.  i 

5738.  But  surely  the  gases  do  not  get  stored  under- 
neath the  scum  ?— -Oh,  yes. 

5739.  Well,  there  cannot  be  any  accumulation  of  gases 
under  the  scum.  If  gases  are  produced  they  must  come 
out,  whatever  the  depth? — ^Yes.  Then  you  have  less 
surface  for  them  to  be  spread  over ;  they  would  be  more 
concentrated  at  any  one  point. 

5740.  At  any  one  point? — And  the  question  of  tem- 
perature, thiere  would  be  less  surface  exposed  to  the  air. 

5741.  But  the  value  of  the  scum,  at  all  events,  is  cer- 
tain in  this  direction,  that  it  conserves  the  heat  in  the 
sewage  ? — ^Tes. 

5742.  "Now  comes  the  important  question  as  to  the 
digestion  of  solids  in  the  septic  tanks ;  have  you  been 
able,  from  your  experience  in  Accrington,  to  form  any 
estimate  of  the  proportion  of  sludge  digested  by  the 
tanks?— Only  so  far  as  is  compared  with  chemical  pre- 
cipitation. 

5743.  But  in  chemical  precipitation  you  had  a  large 
amount  of  precipitant  put  into  the  sewage,  which,  of 
C()urse,  was  added  to  the  sludge? — ^Yes. 

5744.  Have  you  taken  that  into  account? — Yes. 

5745.  Then  how  do  you  form  an  estimate  of  the  con- 
sumption of  sludge  in  the  septic  tanks? — ^I  do  not  think 
there  is  an  actual  consumption  of  sludge  in  the  septic 
tank ;  that  it  is  only  changed  in  character.  ^ 

5746.  Do  you  suggest  that  there  is  no  reduction  of 
sludge  ? — ^Absolutely  no  reduction  of  sludge  ;  the  same 
amount  ot  sludge,  the  balance  of  the  total  solids  sent 
away  in  the  effluent  remain  on  the  works. 

5747.  I  think  we  are  misunderstanding  each  other,  Mr. 
Whittaker.  You  have  67  grains  per  100,000  in  your  crude 
sewage  ?— Yes. 

5748.  You  have  17  grains  per  100,000  coming  out  with 
the  tflmk  effluent? — Yes. 

5749.  Do  you  mean  to  say  that  you  remove  as  sludge 
from  the  tanks  the  balance  between  those  two  figures? 
— YeB. 

5750.  And  that  there  is  no  consumption  by  septic 
action  ? — No. 

5751.  Then  what  is  this  evolution  of  gas  which  we  see 
taking*place  ;  does  not  that  mean  a  digestion  of  solids  7 — I 
mean  with  the  exoeptian  of  the  gas  which  is  generated — 
that  is  a  measurable  quantity  and  is  immaterial,  because 
the  oxygen  absorbed  is  quite  equal  to  the  gas  evolved,  and 
the  final  effluent  contains  quite  as  muoh  extra  ox3rgen  as 
gas  evolved  in  the  tanks. 

5752.  Then  are  we  to  understand  tl^t  it  is  your  opinion 
that  in  using  septic  tanks  we  shall  have  just  as  much 
sludge  as  we  should  have  by  natural  sedimentation? — 
Yes.  My  opinion  now,  after  the  experience  I  have  had 
with  them,  is  that  the  action  of  the  septic  tank  is  to 
enable  the  tank  effluent  to  be  dealt  with  by  an  aerated 
filter,  and  that  it  is  only  the  change  in  the  character  of 
the  tank  effluent  that  permits  of  its  purification  by  means 
of  an  Iterated  filter. 

5753.  Then  if  other  authorities  who  have  experimented 
with  septic  tanks  report  to  us  that  they  find  there  has 
been  by  the  septic  tank  a  consumption  of  suf*pended 
solids  to  an  extent  varying  from  40  to  60  per  cent,  you 
Of nclude  that  they  have  made  a  mistake?— I  should  sav 
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that  they  had  made  a  mistake,  yes  ;  and  that  la  the  omlgr    Mr.  c.  J. 
point  in  my  previooa  evidence  that  I  ahookl  wish  to   Whiuutr. 

modify.  27  JoIylfHX). 

5754.  Then  why  should  you  not  here  utilise  a  much 
smaller  area  of  tames  and  rush  your  eewage  faster  thiongh 
it? — The  change  would  not  take  place  in  the  sewage  that 
would  allow  of  it  to  be  purified  by  an  aerated  filter.  Freeh 
sewage  cannot  ibe  treated  with  one  of  these  filters. 

5756.  What  leads  you  to  say  that  fresh  sewage  caonot 
be  treated  by  one  of  these  filters ;  have  you  tried  any 
experimeuis  in  filtering  in  this  way? — Well,  I  have  had 
opportunities  at  Morley  of  noting  tliat  freeh  sewage  cannot 
be  treated  by  these  filters. 

5756.  But  at  Morley  you  liad  to  deal  with  a  sewage 
mixed  with  a  considerable  volume  of  trade  effluent? — 
Yes ;  but  we  could  make  it  septic ;  that  is,  it  became 
septic  on  long  standing.  Most  effluents,  whether  trade 
or  otherwise,  can  be  made  septic  if  the  capacity  of  the 
tanks  is  sufficiently  large. 

5757.  Then  we  are  to  take  it  from  you  that  you  arc 
producing  here  just  as  much  sludge  from  your  septic  tanks 
as  you  were  producing  before  from  chemical  precipitatioii 
except  for  the  difference  of  the  volume  of  precipitants 
that  you  put  into  the  sewage? — Yes.  It  is  of  a  very 
much  handier  kind,  more  easily  dried  and  easier  to  deal 
with. 

5758.  I  should  like,  as  the  point  is  very  important^  in 
regard  to  consumption,  if  any,  of  solids  by  septic  action, 
to  know  from  you  on  whsit  grounds  you  base  that  in- 
clusion. Have  you  carefully  estimated  here  the  volume 
of  sludge  produced  over  a  considerable  period  by  your 
septic  tanks? — I  have  measured  the  quantity  for  twelve 
months,  the  whole  of  the  sludge  that  has  been  produced 
on  the  place  for  twelve  months,  which  amounted  ito  320 
tons. 

5759.  But  was  this  320  tons  produced  from  the  septio 
tanks? — ^From  the  septic  tanks. 

5760.  Well  ?— Why  I  make  the  observation  that  there 
is  no  diminution  in  sludge  is  that  we  send  such  a  small 
quantity  away  in  the  effluent ;  the  balance  must  be  on 
the  works,  between  what  we  send  down  the  river  and 
what  we  receive  at  the  works,  you  may  rail  it  a  theoretical 
consideration  if  you  like  ;  we  only  send  so  much  away  in 
the  final  effluent  ;  we  receive  so  much  on  the  works  ; 
the  balance  miwt  be  on  the  works  wiitli  the  exception 
of  what  is  sent  away  in  gases. 

5761.  Have  you  made  a  calculation  based  upon  this, 
Mr.  Whittaker?  You  told  me  that  the  average  of  sus- 
pended solids  in  your  sewage  is  67  grains  per  100,000  ? — 
Yes. 

5762.  That  the  average  in  the  effluent  from  your  tanks 
is  17  grains  per  100,000  ?— Yes. 

5763.  Therefore  one  may  assume  that  50  grains  per 
100,000  is  left  behind  in  the  tanks  ?— Yes. 

5764.  Now  have  you  made  any  calculation  as  to  what 
amount  of  sludge  that  50  grains  per  100,000  would  repre- 
sent calculated  upon  the  total  volume  dealt  with  over  a 
lengthened  period  ? — Yes,  it  corresponds  very  much  with 
the  actual  quantity  of  sludge  removed  within  about  30 
tons.  V 

5765.  I  think  I  will  need  to  press  that  further? — ^I 
should  call  the  anaerobic  tank  a  disintegrating  tank  in 
which  the  matters  which  can  become  putrid  and  mine- 
ralised ;  that  is  the  only  term  I  can  use  where  mattera 
which  can,  become  putrid,  become  mineralised. 

5766.  And  you  do  not  consider  the  great  evolution  of 
gas  to  represent  the  chemical  change  transforming  the 
solids  into  gaseous  and  liquid  products  ? — Only  minerali- 
sing them,  and  that  the  amount  of  gas  absorbed  is  quite 
equal  to  the  amount  of  gas  evolved. 

5767.  Well,  now,  your  process  consists  in  the  first  part 
of  septic  action,  and,  secondly,  of  continuous  filtration 
over  coke  beds.  Your  coke  beds  at  the  present  time  are 
10  in  numiber? — Yes. 

5768-9.  And  they  are  of  a  diameter  of  61  feet? — Six  of 
them  are  61  feet  in  diameter,  and  four  of  them  are  45  feet 
in  diameter. 

5770.  And  what  is  the  depth  of  them  all  ?— They  are  all 
one  uniform  depth — ^nine  feet ;  nine  feet  of  filtering 
material. 

5771.  And  the  material  itself  is  coke  which  has  been 
rejected  by  a  two-inch  screen  ? — Unbroken  gas  coke  which 
has  been  rejected  by  a  two-inchnmesh  screen. 

5772.  And  the  distribution  over  the  bed  is  by  means 
of  sprinklers  ? — Is  by  means  of  sprinklers. 

5773.  And  the  sprinklers  are  fed  by  pulsometer^f — 

ss2 


324 


ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  C.  J. 
Whiitaker 


By  pulflometers.  Each  of  t?he  sprinlLlerB  on  th«  61-foot 
bed  is  operated  by  one  pulfiometer. 
2T  July  1900.  5774.  I  understand  that  you  consider  that  the  use  oit 
th«  pulsometer  is  of  advantfl^e  in  two  ways ;  first,  that 
it  increases  the  heat  of  the  sewage  iby  some  Ave  degrees, 
and  the  other  that  the  pulsating  action  of  that  pump  tends 
to  clear  more  readily  the  holes  of  the  sprinkler? — ^Yes  ;  to 
keep  the  pipes  thoroughly  cleansed,  at  the  same  time 
there  is  discharged  on  the  filter  along  with  the  sewage 
almost  the  same  volume  of  air  ;  each  of  those  orifices  in 
the  spray  is  a  mixture  of  air  and  sewage. 

5775.  But  that  would  be  the  case  if  yo^i  pumped  the 
whole  with  an  ordinary  pump  ?— Instead  of  with  the 
pulsometer  7 

5776.  Or  if  it  flowed  on  to  the  sprinkler  with  a 
natural  head? — That  would  not  take  place. 

5777.  Why  not  ? — ^Because  the  pump  is  operated  in  such 
a  way  that  at  the  same  time  that  it  is  drawing  sewage  it 
also  draws  air ;  it  draws  them  in  about  equal  quantities 
and  discharges  them  together  on  to  the  bed. 

5778.  Then  the  question  arises  at  what  cost  do  you  bring 
about  these  results  ?  I  understand  you  have  here  one 
1)  )iler? — We  have  here  one  boiler  about  28  feet  by  7  feet 
6  inches. 

5779.  Is  the  boiler  used  for  any  other  purpose  than  that 
of  feeding  the  puleometers  with  steam? — No  other  pur- 
pose. 

5780.  Then  what  is  the  annual  consumption  of  coal  7 — 
At  the  present  time  in  dealing  with  1^  million  gallons  the 
oonsumption  of  coal  is  £60  per  month  ;  £720  per  aomum. 

5781.  That  is  the  cost  ?— Yos. 

5782.  You  arp  spending  £720  per  annum  in  coal? — In 
coal. 

5783.  To  deal  with  H  million  gallons  of  sewage  ? — ^Yes. 
That  provides  steam  for  actuating  the  pulsometers  and 
for  lifting  the  sludge  from  the  lower  settlmg  tanks.  That 
is  the  very  last  estimate  including  total  cost 

5784.  I  understand  that  at  one  time  you  proposed  to 
inject  steam  in  addition  to  the  heating  effect  <rf  the  nulso- 
meter  ;  do  you  do  that  here  ? — ^We  have  not  founa  that 
necessary  during  the  past  twelve  months. 

5785.  You  have  had  no  trouble  by  the  pooling  of  the 
sewage  on  the  top  of  the  filters  ? — ^None  whatever. 

5786.  Your  filters  wcwk  as  freely  now  as  when  they 
were  start-ed? — ^Yes. 

5787.  And  I  understand  one  quarter  of  them  have  been 
working  for  two  years  ? — ^For  two  years. 

5788.  And  that  the  remainder  have  been  working  from 

? — From  twelve  to  three  months  ;  these  would  be 

the  top  ones  here. 

5789.  And  there  has  never  been  any  digging  over? — 
No  raking,  no  forking,  no  disturbance  whatever  of  the 
surface. 


5790.  You  have  not  ^een  inconvenienced  by  the 
presence  of  any  growth  on  the  surface  ? — ^None  whatever. 

5791.  Now,  Mr.  Whittaker,  what  kind  of  results  have 
you  obtained  in  regard  to  purification  by  the  use  of  the 
filters  ? — The  average  of  a  number  of  analyses  has  given 
us  in  the  final  effluent  64  per  cent,  on  the  tank  effluent, 
and  81  per  cent,  of  purification  on  the  raw  sewage. 

5792.  As  measured  by  what? — ^By  the  albuminoid  am- 
monia. 

5793.  That  includes  the  solids  in  suspension  in  the  final 
filtrate? — ^Yes,  everything. 

5794.  Then  what  in  regard  to  the  oxygen  absorbed?— 
The  oxygen  absorbed  gives  66  per  cent,  and  81  per  cent. 

5795.  Sixty-six  on  the  tank  effluent  and  81  on  the  raw 
sewage?— 81  (m  the  raw  sewage.  The  66  per  cent,  of 
purification  is  including  all  the  suspended  matter,  and 
76  per  cent,  with  the  suspended  matter  removed.  That 
gives  the  amount  of  suspended  matter. 

5796.  The  earlier  part  of  your  answer,  may  we  take  it^ 
was  correct? — Yes. 

5797.  It  has  nothing  to  do  with  the  tank  effluent  and 
the  sewage? — ^The  tank  effluent,  but  not  the  raw  sewage. 

5798.  The  purifications  you  have  given  us  are  figures 
showing  the  purification  on  the  tank  effluent  as  measured 
with  aiS  without  susp«ended  matter  in  the  filtrate  ? — Yes  ; 
64-4  and  76. 

5799.  Then  what  is  the  purification  obtained  on  the 
raw  sewage  by  the  double  process  expressed  as  measured 
with  and  without  the  suspended  matter  in  the  filtrate? — 
On  the  albuminoid  ammonia. 

5800.  You  gave  us  that  before  did  you  not? — Yes,  but 
this  is  on  the  raw  sewage. 

5801.  Yes? — On  the  raw  sewage  81  per  cent.,  but  it 
floes  not  refer  to  with  and  without  the  suspended  matter 
--^1  per  cent,  including  the  suspended  matter. 

5802.  Then  you  have  not  the  percentage  purification 
irithout  ? — No  ;  purification  on  the  crude  sewage  81  per 

cent. 

5803.  Including  suspended  matter  in  the  filtrate  ? — Yes. 

5804.  Now  you  have  a  considerable  amount  of  suspended 
matter  in  the  filtrate? — ^Yes. 

5805.  What  would  it  average  per  100,000  ?— The  sub- 
plended  matter? 

5806.  In  the  filtrate  ;  what  would  the  suspended  matter 
in  the  filtrate  average  ?-— Four  parts  per  100,000. 

5807.  Then,  in  consequence  of  pressure  from  the  BivezB 
Authority  you  find  it  necessary  now  to  have  some  settle^ 
nent  after  filtration? — ^That  is  so. 

5808.  And  I  understand  that  the  matter  so  settled  out 
is  not  putrefactive  ? — ^That  is  so. 

5809-10.  And  is  largely  mineral? — 58  per  cent,  of  the 
8iis7>end(ed  matter  is  mineral. 

We  thank  you,  Mr.  Whittaker,  for  your  evidence. 


Mr.  W.  J.  NawTOir,  called;  and  Examine;!. 


j/r.  w.  J       5811.  You  are  an  Associate  Member  ol  the  Institute  or 
A-titofi.     ^.^j  Engineers  ?--Ye8. 

5812.  And  you  are  the  Engineiering  adviser  to  this 
Board  ?— Yes. 

5813.  You  superintended  the  construction  of  the  filtera 
in  connection  with  this  schem^e  ? — ^I  did,  sir. 

5814k  The  last  set  of  filters  constructed  weiie  six? — Six, 
yes. 

5815.  Can  you  tell  me  what  was  the  cost  of  the  last  six 
•constructed?—!  cannot  give  you  the  cost. 

5816.  Can  you  give  me  the  total  cost  7 — No. 

5817.  But  you  could  send  it  to  us  ? — ^Yes,  with  pleasure, 
'Sir. 

5818.  You  will  be  good  enough  to  do  so? — Yes. 

5819.  Have  you  formed  any  estimate  of  the  cost  of  the 
material  per  cubic  yard? — ^For  filter  material? 

5820.  The  coke  that  you  have  used? — About  10s.  6d. 
per  cubic  yard. 

582L  About  10s.  6d.  per  cubic  yard  is  the  cost  of  the 
coke  ? — ^The  cost  of  the  coke. 

5822.  Apart  from  any  labour? — ^No,  that  is  laid  in  the 
filter  complete. 

5823.  I  see  you  are  constructing  a  group  of  four  filters 
at  the  present  moment? — ^Yes. 

5824.  You  are  surrounding  those  filters  with  pigeon-hole 
brick  walls? — ^Perforated  walls,  yes. 


5825.  And  you  are  laying  at  the  bottom  of  thje  filters  a 
concrete  layer  covered  by  half-round  drain  pipes,  18in. 
in  diameter,  perforated  with  holes  about  ^.  in  diameter? 
—Yes. 

5826.  Have  you  formfed  any  estimate  of  the  cost  of 
this  new  set  of  filters? — I  can  give  vou  the  total  cost,  but 
the  total  cost  per  square  yard  of  filter  I  cannot  give  you 
at  the  moment. 

5827.  But  the  cost  of  these  four  filters,  havte  y^u  any 
estimate  of  what  it  is  likely  to  be  7 — ^I  have  an  estimate 
I  can  give  you. 

5828.  What  is  your  estimate  ? — ^I  think  you  can  take  the 
eetimatie  as  fairly  correct,  too. 

5829.  What  is  your  estimate  of  the  total  cost  of  this 
group  of  four  filters  ? — ^Had  you  better  not  take  the  ten, 
sir,  because  the  estimate  is  for  the  ten. 

5830.  Very  well,  the  ten?— £11,205. 

5831.  That  includes  a  boiler? — ^Yes,  and  economiser. 

5832.  And  the  necessary  pulsometers — the  whole  thing 
complete  ? — The  whole  thmg  complete,  yes. 

5833.  What  is  the  total  area  of  the  ten  filters  referred 
to? — 3.800  pquare  yards  ;  in  addition  there  are  four 
older  filters  working  with  an  area  of  967  square  yards. 

5834.  And  what  is  the  diameter  of  each  filter?— Th? 
large  beds  are  62  feet,  the  sprinklers  may  be  61  feet. 

5835.  These  ten  sprinklers  are  of  an  uniform  diameter 
of  61  feet  1 — 61  feet,  sir. 
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5636.  And  th«  depth  of  theee  filters? — Nine  feei. 
583?!  Nine  feet  of  coke  ? — Of  coke,  yes. 

5838.  I  should  like  to  ask  Mr.  Whittaker  another  ques- 
tion. You  think  it  is  necessary  working  filters  on  this 
system  to  use  rery  coarse  material  ?— (if r.  Whittaker,) 
Yes,  not  smaller  than  two  inches. 

5839.  You  are  anxious  that  solids  should  not  remain  in 
the  filter? — ^It  is  very  desirable  that  they  should  not  be 
allowed  to  pass  through  when  an  equilibrum  has  been 
reached. 

5840.  And  do  you  think  that  &t  the  speed  of  400  gallons 
per  square  yard,  which,  I  understand,  is  your  constant 
-speed  here,  any  important  accumulation  takes  place  in  the 
fiHter? — ^We  think  we  hare  reached  the  point  where  no 
-serious  accumulation  takes  place  in  the  filter. 

5841.  Now,  if  accumulation  takes  place,  would  you  ex- 
plBot  that  in  times  of  storm  if  it  were  possible  to  pass  a 
larger  volume  over  the  filters  such  accumulations  would 
be  washed  out  ? — ^Yes,  I  believe  such  accumulations  could 
'be  washed  out,  and  would  be  washed  out. 

584^  In  fact,  by  holding  the  sprinkler/and  causing 
the  flow  to  pass  over  part,  and  not  the  whole  of  the 
filter,  you  wash  out  such  part? — Yes. 

5843.  Have  you  paid  any  attention  to  the  action  of 
such  iron  as  is  in  the  sewage  upon  the  purification  ? — 
No,  the  quantity  of  iron  is  so  small  that  we  do  not 
think  that  we  can  take  it  into  account.  We  have  no 
iron  only  such  as  is  found  in  ordinary  sewage  ;  we 
have  no  special  trade  iron. 

5844.  You  have  told  ua,  Mr.  Whittaker,  what  are  the 
percentages  of  purification  that  you  obtain,  but  could  you 
t?ive  us  the  figures  of  a  typioJ  average  analysis  of  the 
filtrate  with  and  without  suspended  soHds  ? — Taken  from 
tHe  weekly  averages  from  January  to  the  21st  June,  the 
albuminoid  ammonia — ^the  average  of  the  whole  period  ia 
*22L 

5845.  Inclusive  of  suspended  solids  1^— Inciluisive  of  sus- 
pended soHds.  ^ 

5846.  What  is  it  exclusive  ?— -121. 

5847.  Per  hundred  thousand  ?— All  in  parts  per  hundred 
thousand. 

5848.  Tben   the   oxygen   absorbed  ?— The   oxygen   ab- 


sorbed ;  he  has  not  averaged  that,  but  these  are  all   Jfr.  w.  j, 
weekly  averages,  and  they  vary  from  '75  to  1*4.  Newun. 

5849.  And  what  is  the  average  figure  relating  to  nit-  27JuiyMOo. 
rates?— About  2*2,  it  varies  from  1*3  to  2*6  -^  2*2. 

5850.  And  your  suggesti<Hi  is  that,  although  these 
results  are  distinctly  above  the  Mersey  and  Irwell 
standards,  they  are  perfectly  satisfactory  results,  be- 
cause of  the  large  quantity  of  nitrates  in  the  filtrates  f — 
Yes,  I  think  so.  1  think  that  the  nitrates  ought  to  be 
taken  account  of  in  judging  of  the  quality  of  the  effluent. 

5851.  Just  one  other  question ;  you  have  tried  a  small 
experiment  with  second  filtration  on  the  same  syatem  of 
the  filtrate  produced  by  the  large  filters  ? — ^Yes. 

5852.  And  you  have  carried  out  the  second)  filtration 
for  the  purpose  of  obtaining  purer  water  for  the  supply 
of  your  steam  boiler? — ^That  is  so. 

5853.  Have  you  any  figures  showing  the  result  of 
this  double  filtration? — Yes,  albuminoid  ammonia  is 
reduced  to  *03  or  *025  parts  per  hundred  thousand,  and 
the  nitrates  go  up  to  3*6.  These  figures  are  not  higher 
than  the  Mersey  and  Irwell  standard,  because  these 
figures  are  given  in  parts  per  hundred  thousand,  and  in 
the  Mersey  and  Irwell  standard,  the  figures  are  £^ven 
in  grains  per  gallon. 

5854.  You  mean  that  the  figures  with  regard  to  the 
vfate,    minus  the  suspended  matter,  are  not  above? — 

Including  the  suspended  matter.  Mr.  Scudder  has 
already  had  under  observation  one  of  those  filters,  and  lu- 
has  announced  in  the  Court  that  the  effluent  is  satisfactory 
to  be  turned  into  any  stre&m  with  results  not  so  good 
as  this. 

5855.  What  was  the  figure  that  you  gave  me  just  now, 
in  albuminoid  ammonia  ? — *22. 

5856.  But  that  is  over  the  Mersey  and  Irwell  stand- 
ard?— ^No,  "2  per  hundred  thousand. 

5857.  ISs  a  fact,  you  are  above  the  Mersey  anl  Irwell 
standard} — Yes,  their  official  standard  does  not  take 
nitrates  into  account. 

5858.  As  a  fact,  you  are  above  the  Mersey  and  Irwell 
standard,  but  you  say,  notwithstanding  that  fact,  the 
presence  of  migrates  makes  vour  effluent  a  perfectly  s^e 
effluent  to  go  into  a  stream  7 — ^Yes. 

5859.  But  as  a  fact,  you  are  above  the  Mersey  and 
Irwell  standard?— Yes. 


5860.  (Chairman.)  You  are  the  supsrintendent  chem- 
ist in  charge  of  these  works  7— Yea. 

5861.  And  you  or  your  assistants  make  frequent  ana- 
lyaes  of  the  filtrates  obtained  ?— Yes,  daily  analyses. 

5862.  You  hand  in  to  me  now  a  summary   of  the 
January  results  ?— Yes. 

5863.  And  of  the  April  results,  and  of  the  resnlia 
from  June  Ist  to  the  middle  of  July  ? — ^Yes. 

5864-5.  All  of  this  year  ?~Yes.  These  are  the  monthly 
averages  from  daily  samples. 

Average  of  Results,  January  1900. 
(Parts  per  100,000.) 


Mr.  Joseph  Babkes,  called  ;  and  Examxnpd. 

Average  of  Results,  April  1900. 


Albuminoid 
Ammonia. 


B«w  lewage,  settled 

Tknk  effluent   • 

rater  effluent  • 

rotar  effluent  (tuspended 
matter  removed^ 


0-87 
0-68 
0-15 
0D8 


Oxygen 
Absorbed. 


Chlorine. 


Nltrie 

N. 


5-7 
4-9 
1-2 
0-8 


6-6 


1-44 


Kaw  sewage,  settled 
Tank  effluent   • 
Filter  effluent  • 


Filter  effluent  (suspended 
matter  remored). 


Average  of  Results,  from  Ist  June  to  middle  of  July 

1900. 


Baw  sewage,  settled 

0*90 

8-0 

10-4 

— 

Tank  effluent    * 

0*82 

7-8 

10*2 

— 

Filter  effluent  • 

0*20 

2*6 

10*2 

— 

Filter  effluent  (suspended 
matter  removed). 

0-ie 

1*6 

2-9 
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TWENTY-FOURTH    DAY. 


Tuesday,  \Wi  November ,  1900. 


PKESENT 


The  Earl  of  Iddesleigh  {Chairrruin),  presiding. 


Sir  Michael  Foster,  m.p.,  f.r.s. 
Professor  William  Ramsay,  f.r.s. 
Major-Gen.  Constantine  Phipps  Carey. 


Colonel  Thomas  Walter  Harding. 
Mr.  Thomas  William  Killick. 
Mr.  William  Henry  Power,  f.r.8. 

Mr.  F.  J.  Willis,  Secretary. 


Dr.  HoiTSTOx  and  Dr.  McGowan,  recalled ;  and  further  Examined. 


Tyr.  Emuton     5866.  {Chairman,)  Dr.  Houston,  70U  have  come  to-day 
M^omm.   ^  hand  in  that  dragram      {Diagiam  exhibutU)'i—(Pr. 

Houston,)  1  would  hk.e  you  to  see  ihe  aiagram  ;  then 

13  Nov.  1900.  j)x,  McGowan  might  be  able  to  draw  a  series  of  curves 

Appendix   fihowing  how  far  his  chemical  tests  run  parallel  with 

No.  22.     my  bacteriological  ones,  and  then  we  could  put  thobe 

in ;  pernaps  it  would  be  more  valuable  if  the  two  were 

handed  in  together. 

5867.  Would  you  mind  just  explaining  shortly  what 
the  diagram  shows  ? — The  red  line  here  represents  en- 
teriditis  sporogenes. 

586a  {Sir  Michael  Foster.)  What  is  the  scale '?— This 
begins  at  1,000  per  c.c,  and  goes  in  successive  tenths  to 
none  in  1  c.c,  wnich  is  a  very  wide  range.  The  green  line 
is  bacillus  coli,  also  in  one  c.c.  going  trom  one  hundred 
thousand  or  more  per  c.c.  in  successive  tenths,  down  to 
less  than  one  hundred  per  c.c,  and  in  some  cases  B. 
coli  was  absent  in  one  c.c  Then  the  blue  line  refers 
to  this  proposed  gas  test,  where  the  scale  goes  from  a 
positive  result  with  1-1000  c.c.  down  to  a  negative  result 
in  one  c.c  You  will  note  that  the  three  are  all  com- 
parable, they  all  go  down  in  tenths.  And  the  brown 
line  there  and  there  and  there  is  a  provisional  standard. 
From  here  to  here  we  are  dealing  with  sewages,  and  you 
see  that  in  all  cases  the  tests  correspond  very  nearly, 
and  are  a  long  way  above  the  provisional  standard. 

5869.  Are  not  those  different  sewages  ? — Yes,  I  think 
they  are  all  different  sewages. — {Dr.  McGowan.)  They 
are  all  different,  yes. — {Dr.  Houston,)  Then  these  are 
effluents  from  various  sources,  and  as  you  see  from  the 
diagram  there  are  some  above  and  some  below  the  pro- 
visional standard,  and  the  red,  and  the  green,  and  the 
blue  in  nearly  all  cases  correspond  again.  The  advan- 
tage of  this  gas  test  is  that  it  can  be  applied  by  any- 
one. It  takes  24  hours,  but  it  does  not  need  to  be 
observed  during  the  24  hours ; .  you  merely  make  a  test 
and  wait  24  hours,  and  then  go  and  record  the  result. 
And  it  gives  a  wide  range  of  results,  since  with  sewage 
you  get  a  positive  result  with  so  small  an  amount  as 
one-thousandth  part  of  a  c.c,  and  with  a  good  effluent 
3'ou  get  none  in  one  c.c,  and  with  a  pure  water  you 
may  get  no  result  even  with  as  much  as  one  hundred 
c.c  I  have  photographs  to  show  that  between  crude 
sewage  and  pure  water  the  difference  may  be  one 
hundred  thousand  to  nought,  which  is  an  extra- 
ordinarily wide  range.  I  think  it  is  important  that  ii 
should  show  a  range  like  that,  so  that  you  should  be 
able  to  say  not  only  that  a  particular  effluent  passes 
or  does  not  pass,  but  by  how  much  it  passes,  or  how 
much  it  fails  to  pass,  then  you  can  compare  different 
effluents  at  once. 

5870.  {Professor  Bamsey.)  Would  you  give  an  account 
as  to  how  each  of  those  different  lines  was  obtained.  I 
understand  that  the  last  line  of  all  is  bv  the  gas  test 
tube  process? — This  one  {indicating  on  diagram), 

5871.  Yes.  Would  you  mind  describing  the  gas  test 
tube  process? — The  best  way  to  apply  it  is  to  take  a 
number  of  test  tubes  containinpr  the  sterile  gelatine, 
and  then  add  to  one  one  c.c  of  the  liquid  to  be  tested, 
to  the  next  one-tenth,  to  the  next  one-hundredth,  and 
to  the  next  one-thousandth.  Then  you  melt  the  c^ela- 
tine,  shake  up  each  tube,  put  it  in  cold  water  to  iet  it 
get  solid,  then  put  it  aside  either  in  an  incubator  or  in 
a  warm  room.  At  the  end  of  24  hours  yon  observe  it 
as  regards  pas  production.  I  would  like  to  show  yo»i 
<hese  photographs.     {Phntograph.'i  exhibited.) 

5872.  {Sir  Mirhapl  Fn^fpr  ^  These  are  all  t^kpn  nt 
an  uniform  temperature  ? — ^Yes,  so  as  to  get  as  exact 
figures  as  possible.  I  do  not  know  if  you  can  see  these 
photographs  from  there,  so  I  will  explain  them.     Here 


is  one  of  sewage  having  bubbles  of  gas  with  one-thoo 
•andth  of  a.  c.c  ;  in  nearly  all  cases  of  sewage  thi» 
iiccurs,  and  with  a  good  effluent  none  in  one  cc,  and 
with  a  pure  water  you  see  from  the  photograph  that  you 
get  none  with  as  much  as  one  hundred  c.c.  Tlifr 
bacterial  contents  of  100  c.c.  are  obtained  \ij  filtering^ 
1000  c.c.  through  a  Pasteur  filter,  and  brushing  the 
lurface  of  the  filter  into  10  cc.  of  sterile  water ;  then 
each  c.c.  of  the  filter  brushing  is  equal  to  100  c.c  You 
aee  then  in  the  photographs  a  negative  result  with  10(V 
cc  of  pure  water,  and  a  positive  result  with  a 
thousandth  of  a  cc  of  sewage. 

5873.  {Colonel  Harding,)  One  thousandth  part  of  a 
e.c  ? — Yes. 

5874.  {Professor  Bamsay.)  The  middle  line?— Th» 
middle  line  refers  to  bacillus  coli.  There  are  different 
ways  of  estimating  that.  Do  you  wish  the  particular 
method  ? 

5875.  Xot  necessarily,  it  is  by  a  culture  plan? — By 
culture,  yes. 

5876.  What  is  the  medium  ? — The  most  delicate  way 
is  by  using  broth  in  successive  dilutions,  and  then 
making  special  culture  from  broth. 

5877.  That  is  the  method  you  have  adopted  in  draw- 
ing up  that  particular  table  ? — ^This  particular  one,  and 
enteriditis  is  here  done  in  tenths.  There  is  a  great 
advantage  in  doing  things  in  tenths,  you  can  compare 
them  so  easily.  You  have  a  series  of  milk  tubes,  ont* 
containing  1  c.c,  another  one-tenth,  another  one- 
hundredlh,  and  another  one-thousandth  c.c  With  a 
crude  sewage  yon  get  a  positive  result  with  one- 
thousandth  cc  ;  with  a  good  effluent  you  do  not  get  a 
positive  result  even  with  1  cc. 

5878.  (Sir  Michael  Foster,)  What  is  the  positive  re- 
sult?— ^Well,  you  get  the  typical  appearance  in  milk 
culture. 

5879.  Milk  culture  ?— Yes. 

5880.  It  is  not  a  question  of  the  physiological  effect  T 
'  -Hardly,  it  is  just  the  change.  The  great  advantage  of 
those  tests  is  the  wide  range  which  they  reveal  between 
crude  sewage  on  the  one  hand,  and  a  good  effluent  on 
the  other. 

5881.  The  "gas"  test  is  a  question  of  observation  of 
gas  in  gelatine  culture,  is  it  not  ? — ^Yes. 

5882.  But  enteriditis,  the  biological  effect  in  milk 
culture,  not  the  counting  of  colonies? — ^Yes,  that  is  why 
you  do  it  in  tenths.  You  get  a  po.^itive  result,  say,  with 
which  enables  you  to  say  there  were  present  at  leirt  10, 
but  less  than  100  cc. 

I  have  not  put  the  total  number  of  bacteria  on  thi;* 
table,  I  thought  it  would  confuse  it ;  but  I  think  th<* 
figures  run  very  fairly  with  those. 

5883.  The  conclusion  being  thai  the  gas  test  will  give 
a  very  good  view  of  the  presence  of  bacillus  ooli  and 
enteriditis  ? — ^Yes,  be«*d<^  giving  you  a  good  idea  of  the 
number  of  gas-forming  putrefactive  baoteria  present. 

5884.  {Mr,  Power.)  Chemically,  are  there  any  obBerv» 
tions  parallel  to  that  in  any  way — the  same  sewage  and 
the  same  effluent,  aibove  or  below  the  provisional  mean  ? — 
{Dr,  McGowan,)  Yes.  I  went  carefully  through  the 
chemical  resulits ;  and,  in  fact,  I  put  down  eome  notes, 
ind  sent  them  to  Professor  Bamsay,  but  unfortunately 
he  ha'^  not  yet  received  them.  However,  I  remember  the 
l>ointa ;  they  were  shortly  these :  That  when  you  are 
dealing  with  a  sewage  or  bad  effluent  on  tlie  one  hand,  or 
with  a  very  ^[ood  effluent  on  the  other,  the  results  agreed 
perfectly  with  Dr.  Houston's  gas  test;  but  when 
you    came     to    an     effluent    of    which      it    required 
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«a.y,  one- tenth  c.c  to  give  gas,  then  the  results 
ifsodered  aibout^  and  became  unoertain.  In  addi- 
tion to  iihat,  there  were  one  or  two  other  very 
interesting  points  oune  out.  We  had  some  effluents  from 
42he  Aldershot  Camp  Form — effluents  from  exceedingly 
tfcvong  sewage — and  the  effluents  themBelves  contained  as 
noob  organic  nitrogen  as  0*4  or  0*6  parts  per  100,000, 
rhich  is  a  very  kige  quantity,  of  couree ;  but,  a/t  the 
time^  th^  contained  much  nitrate  nitrogen,  i.e., 
1*6  to  2-6  parts  i>er  100^000,  or  something  like  that 
e  efflfients,  as  1  was  saying  to  Mr.  KiUick  a  Utile 
while  ago,  would  be  condemned  out  and  out  by  the 
Mersey  «nd  Irwell  standard,  but  yet  on  incubating  them 
kk  my  laa>oratory,  they  kept  perfectly  sweet,  because  they 
contained  this  large  reserve  of  nitrate  to  draw  upon. 
And  the  interesting  point  was  that  with  these  efflruents 
Dr.  Houston  got  no  gas  with  1  c.c,  or  even  more  than 
L  ce, 

S8B6.  Those  paiiticular  effluents  I — Yes,  those  particular 
effluSQ^B.  It  is  only  fair  to  say  there  was  a  certain  aimount 
<A  contradiction  in  the  results  from  some  further  Alder- 
ishot  Camp  Farm  effluents  that  came  from  new  land.  But 
the  point  referred  to  in  my  last  letter  was-  a  very  interest- 
ing one,  because  it  apparently  brought  out  the  fact  that 
the  fermcoKtability  was  due  not  to  the  amount  of  niicro- 
^nous  matter  present,  but  to  the  ratio  between  it  and 
the  nitrate ;  t^iat,  if  you  had  excees  of  nitrate,  then  you 
did  not  ferment  your  organic  matter.  And  tJiere  were 
some  other  points.  Tlie  conclusion  I  came  to  was  th«t  it 
would  be  wen 

5886.  (Sir  Michael  Foster.)  Do  you  think  the  oiganic 
nitrogeD.  was  quite  in  the  same  condition? — That  is 
another  point.  It  may  have  been  reduced  to  the  almost 
unfermentable  organic  nitrogenous  matter ;  it  is  possifble. 

5887.  Which  could  be  indicated  in  the  same  way  by 
the  concomitants  of  the  nitrates,  I  suppose? — ^I  dio  not 
follow. 

5888.  "Wliy,  that  when  you  get  a  large  amount  of 
nitnute  in  your  effluent,  seeing  the  bacterial  change  which 
has  taken  place  in  the  land  or  whatever  it  is,  lit  is  poo- 
sible,  if  not  probable,  that  concomitantly  with  that 
there  would  be  this  change  in  your  organic  matter, 
which  would  be  i'ts  unfermentable  condition? — Cer- 
tainly, that  is  another  point. 

5889.  (Mr.  Power.)  The  suggeetion  is  thiht  the  putre- 
tactiTe  bacteria  affected  the  organic  matter  as  a  whole  to 
«  much  greater  extent  thani  they  did  the  "  oiganic " 
nitrogen  ?— -Yes,  possibly. 

5890.  Did  you  try  to  make  that  putrefy  by  the  addition 
cf  other  bacteria  ?-— No,  just  the  bacteria  that  were  in 
the  effluent  itself. 

5891.  That  were  left  in  the  effluant  ?— That  were  left  in 
the  effluent,  yes. 

5892.  As  to  whether  the  organic  nitrogen  was  capable 
of  being  further  acted  on,  if  vou  could  put  something 
into  it  b^xmd  that  which  would  ordinarily  act  upon  it, 
you  cannot  say,  as  you  have  nob  tried  that  ? — I  have  tried 
with  a  Ducat  effluent,  putting  a  solution  of  pure  8U<qar 
into  it,  and  in  that  way  one  got  putrefaction.  I  took  a 
Ducat  effluent,  which  would  keep  for  a  perfectly  indefinite 
len<§th  of  time,  and  took  also  a  solution  of  pure  eus^ar, 
and  mixed  them  totfether.  The  sugar  was  in  sufficient 
quantity  to  use  up  the  nitrate  of  the  Ducat  effluent,  and 
next  day  the  whole  liquid  was  smelling  badly. 

5893.  (Sir  Michael  Foster.)  Mr.  Power's  point  was 
Ihis :  Supposing  you  added  to  this  effluent,  which  con- 
tained with  the  nitrates  a  laige  Quantity  of  organic  matter 
and  did  not  ferment,  if  you  aaded  to  that  a  culture  of 
putrescible  or  putrefying  organisms,  whether  you  would 
have  putrefaction  in  small  amount  ? — No,  certainly  not. 

5894.  Did  you  try  ? — We  have  tried  incubation  experi- 
ments with  these  very  effluents.* 

5895.  And  the  result  has  been  ?— The  result  has  been 
that  we  did  not  get  putrefaction. 

5896.  Indicating  that  it  is  the  non-fermentable 
character  of  the  organic  nitrogen  and  not  the  absence  of 
putrefying  oi^aniaras  ? — No,  it  indicates  that  you  have  a 
sufficient  amount  of  nitra/te  to  oxidise  the  oiganic  matter 
present. 

5897.  This  oiganic  nitrogen  has  not  yet  <been  oxidised  ? 
— ^It  has  not  yet  been  oxidised. 

5898.  And  would  under  ordinary  circumstances  be 
capable  of  putrefaction  ? — ^Yes,  I  should  say  so. 

5899.  But  in  this  case,  does  not  putrefy  ? — ^No. 

5900.  And  the  reason  why  it  does  not  putrefy  is  some 

*  But  without  adding  extraneous  organisms. — 6.M. 


change  in  the  composition  of  the  nitrogenous  body,  since  Dr.mouHon 
on  adding  a  putrefying  organism  you  find  it  does  not     and  Dr. 
putrefy  ? — ^You  do  not  have  putrefaction  going  on  in  the    **^^"- 
liquid  so  Jong  as  you  have  either  excess  id  dissolved  i8Nov.i9w>. 

oxygen  or  of  dissolved  nitrate  in  that  liquid.    The  putre- 

faction  is  indicated  by  a  putrefactive  smell,  which  <mly 
begins  when  you  have  used  up  your  oxygen  luod  nitrates. 

5901.  (Mr.  Pother.)  The  oxygen  and  nitrate  would 
have  to  be  consumed  before  you  would  have  anything 
putrefactive  9 — Yes,  that  is  the  point. 

5902-3.  (Sir  Michael  Foster.)  In  other  words,  it  would 
not  be  any  test  adding  putrefying  ovganisms,  because 
putrefying  osgandsms  could  not  work  under  those  condl* 
cions  on  atiXMmt  of  the  presence  of  the  nitrates  ? — ^I  sup- 
pose they  would  work.  (Dr.  Houston.)  They  work  in  a 
diffetDsnt  way.  I  think  Dr.  McGowan  is  quite  right ;  in 
the  presence  of  nitrates  or  oxygen  you  may  get  a  fer- 
mentative process  which  is  not  noxious  and  which  does  not 
give  rise  to  any  smell,  but  if  there  are  no  nitrates  and 
no  dissolved*  oxygen,  tiien  you  get  a  fermentation  which 
is  called  putrefaction  or  offensive. 

5964w  I  see? — ^And  the  same  organisms  may  act  in 
the  two  cases,  but  in  the  one  case  Uiey  are  acting  in  the 
presence  of  air  and  of  nitrates,  and  in  the  other  they  are 
working  more  or  lees  anaerohicalfly. 

5905.  I  see  it  is  not  the  absence  of  the  orgflinlsjus  h\H 
the  condition  in  which  the  organisms  are  placed  ? — (Dr. 
McGowan.)  Precisely.  (Pr.  Houston.)  Yes,  but  the 
only  thing  is  as  regards  the  presence  of  the  oiganic 
nitrogen.  Under  thoee  circumstances  I  do  not  think 
there  is  absolute  proof  that  it  would  not  putrefy  when 
it  is  introduced  (into  a  stream,    although  it  mi^ht  not 

f)utrefy  under  laboratory  conditions  of  experiments. 
Dr.  McGowan.)  If  it  were  run  into  a  fairly  good  stream 
it  would  oxidise.  (Dr.  Hov^Um.)  I  do  not  think  it 
would  putrefy,  myself,  but  I  do  not  think  we  have 
proof. 

5906.  Becauee  I  suppose  the  amount  of  nitrate  you 
have  got  preeent  in  the  effluent,  and  which  kept  the 
organiams  from  developing  puttrefaotioai  in  the  effluent, 
would  nob  be  sufficient  necessaoiily  to  keep  those  cogan^sms 
from  developing  putrefaction  when  the  effluent  was 
thrown  into  llhe  stream? — (Dr.  McGowan.)  It  would,  I 
should  say,  unless  in  the  stream  they  found  more  food 
in  the  shape  of  further  oiganic  matter,  which  is  unlikely 
in  a  decent  stream. 

5907.  So  that  whether  thaib  effluent  could  be  discharged 
into  ihe  stream,  or  not  would  depend  upon  the  characte>r 
of  the  stream — could  be  discharged  without  fear  of  putre- 
faction ? — That  is  rather  a  wide  quetiitiuu  ;  1  siiould 
prefer  to  stick  to  the  effluent  itself,  to  take  the  effluent 
oy  itself  and  the  stream  by  itself. 

5906.  (Professor  Bamaay.)  But  is  this  not  the  question : 
you  have  got  an  effluent  containing  a  good  amount  of 
nitrate,  wSich  would  putrefy  if  the  nitrate  were  not 
preeent,  turned  into  a  stream  in  which  there  are  no 
nitraltes.  These  nitrates  in  the  effluent  are  not  Rufficient 
to  fumd-sh  oxygen  for  both  ? — It  depends  on  the  quan- 
t'ity  ;  you  are  always  getting  oxygen  from  ihe  air. 

5909.  That  is  whait  I  meant — that  you  would  have  to 
judge  from  the  dharacter  of  the  stream  into  which  it 
was  discharged  before  you  could  pay  that  thi«  was  an 
effluent  that  Would  not  give  rise  to  putrefaction? — ^Yes. 

5910.  (Mr.  Power.)  Did  you  as  a  matter  of  fact  get 
an  effluent  that  showed  liMe  nitmte  and  much  oiganic 
nitrogen,  and  yet  nevertiheless  did  noit  form  gas  bubbles 
under  Dr.  Houston's  method? — ^Not  as  far  as  my 
memory  goes,  no. 

5911.  In  considerable  amount? — There  were  one  or 
two  contradictory  cases,  but  as  far  as  I  recollect  there 
was  none  like  that ;  I  would  not  like  to  be  quite  ceiitAin. 

5912.  (Sir  Michael  Foster.)  Have  you  any  reason  to 
111  ink  that  the  oiganic  nitrogen  is  simply  tlie  quostion  of 
the  nitrates  and  the  oxygen  in  the  presence  of  putrefac- 
tion ? — ^The  only  reason,  I  think,  is  that  you  get  a  sort 
of  irreducible  minimum  something  like  hutiiius — to  draw 
that  analogy.  Tou  get  a  certain  amount  of  organic 
matter  in  an  effluent  which  does  not  putrefy,  and  it 
looks  as  if  it  were  something  analogous  to  humus.  I 
have  no  definite  grounds  on  which  I  can  state  this  abso- 
lutely ;  I  do  not  know  what  the  organic  matter  is. 

5913.  (Mr.  Potccr.)  And  you  suspect  under  ordinary 
oonui lions  that  it  has  not  undergone  any  further  change? 
— 'A  slow  change,  a  veiy  slow  change ;  it  ultimately 
oxidises  veiy  slowly. 

5914.  But  very  slowly?— But  very  slbwly. 

6915.  (Professor  Barnsay.)  There  is  one  more  question 
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Dr.  Howton  1  should  like  to  put  to  Dr.  Houston ;  would  this  plan 

MeQ  ^'    ^^  estimating  the  amount  of  putrescibility  in  a  test  tube 

J^^  be  quite  eaailj  applied  hj  any  unfikilled  perscm  after 

18  NoY.1900.  balf  an  hour's  iniAxuGffcioii?---(Dr.  Kousion.)  Gtti,  yes,  quite 

easiiy. 

5916.  (Mr.  Fowvr.)  Would  you  leave  him  to  measure 
hi«  dilutions  himself  ? — That  would  be  a  difficulty  ;  but 
you  see  where  I  hare  drawn  any  line  afi  a  provisional 
standard,  a  positive  result  would  be  petimdsed>ble  in  one 
c.c.  but  not  in  a  tenth.  Well,  you  can  got  pipettes 
il^raduiated  from  one  c.c.  to  one-tenJt-h  of  a  c.c  So  no 
<iilutioDs  wtcyild  bo  necessaiy. 

5917.  You  would  not  trust  them  to  deal  with  thon- 
sand4;hs  % — In  th<at  case  the  effluent  would  be  bo  bad  as  to 
gwe  in  less  than  24  hours  a  posbtive  result  with  one* 
tenth  c.a  and  so  would  be  above  my  standard. 

5918.  {Sir  Michad  Foster.)  Can  you  supply  a  curve 
Coirrespondsiig  to  that  of  the  chemical  result  ?— {Dr. 
MeChioan.)  Yes. 

5919.  It  would  be  as  well  ? — Do  you  imean  the  genersil 
chemical  results,  because  we  have  rather  elaborate 
analyses,  or  do  you  mean  the  results,  say,  of  the 
cihemical  incubation  test.    What  do  you  wish  ? 

5920.  What  I  want  is  something  which  was  distinctly 
chemical  ? — (Dr.  Houston.)  I  venture  to  suggest  that  one 
or  two  tests  would  suffice,  say  the  amount  of  organic 
nitrogenous  matter  and  the  incubator  gas  test,  the  two 
together  I  should  think  would  give  all  the  information 
which  was  required  to  draw  a  parallel  curve. 

5921.  Or  the  relation  befcweeai? — Of  course  that  would 
give  more  trouble  ;  but  it  would  be  more  raluolble.    (Dr. 


McGowan,)  Hiieace  is  no  ratio  whatever  in  sewages ;  I 
tliink  there  is  a  certain  amount  of  ratio  when  you  come  to 
the  better  effluents.  (Dr.  Houston.)  As  regards  Seodder's. 
chemical  incubator  test,  thst  is  rather  a  disadvantage,  is 
if  not,  that  it  does  not  give  a  range  of  results  ?  You  say 
it  passes  or  ilt  does  loot  pass ;  you  do  not  say  it  does  not 
pass  by  ten  or  more  times. 

5922.  (Professor  Ramsay,)  Oh,  quite?— That  is  a  ^s- 
advantage. 

5923.  {Mr.  Power.)  At  the  sewage  disposal  works  th& 
workmen  at  tihe  end  of  the  24  hours  would  just  have  to 
see  whether  diere  were  gas  bubbles  or  no  gas  bubbles  ? — 
That  would  be  aH 

5924.  That  is  all  he  has  to  say  7— Yes. 

5925.  (Sir  MicTiael  Foster,)  Would  you  really  want  two- 
curves,  one  oTganio  nitrogen,  the  other  nitrates? — (Dr. 
McGcioan.)  I  shiould  say  one  for  the  osganic  nstrogen 
and  one  for  the  resuliB  as  given  by  the  incuibator  test 
that  we  foUow  in  the  iafboratovyj  and  one  for  the  general 
oJhemical  results,  taking  the  results  all  over;  I  could 
give  you  all  three  if  you  wish. 

5926.  That  would  make  ik  too  oomiplicated,  would  it 

not? 

5927.  (Mr.  Potoer.)  To  put  them  all  into  one  curve,  df> 
you  mean? — 'No,  sepaoiate  curves. 

5928.  That  would  not  give  a  chemical  curve? — If  yoir 
leave  it  to  me  to  think  it  over  I  daresay  I  can  manage  it 

5929.  Is  it  feasilble  to  get  a  curve  which  would  represent 
the  eross  result  of  the  chemical  tests? — ^Yes,  approxi- 
mately, it  would. 


Mr.  Fbaxk  Scxtddeb,  recalled ;  and  further  Examined. 


Mr.  F. 
Scudder. 


5930.  {Professor  Bamsay.)  Would  you  mind  explain- 
ing to  us  what  your  standards  are ;  you  have  the  albu- 
minoid ammonia  standard  and  the  oxygen-absorbed 
standard  ? — Yes. 

5931.  It  would  be  advisable  to  report  them  from  your 
own  liptf,  what  they  are? — With  regard  to  the  limits  of 
impurity  allowable  in  sewage  effluents,  the  albuminoid 
ammonaa  limit  is  O'l  grain  ammonia  per  gallon,  the  three 
minutes'  permanganate  test  is  0*25  grain  oxygen  absorbed 
per  gallon,  and  the  four  hours'  permanganate  test  is  I'O 
grain  oxygen  absorbed  per  gallon.  The  permanganate 
test  is  done  at  or  about  60deg.  Fahr. 

5932.  May  I  ask  you  do  you  use  permanganate  of  any 
given  strength? — ^Yes,  sir. 

5933.  Is  that  specified,  too  ? — ^Yes,  sir.  I  think  it  is  a 
veiy  important  matter  when  fixing  standards  that  you 
should  also  describe  exactly  how  the  tests  are  to  be 
carried  out,  and  I  have  written  out  a  statement  here  of 
how  I  do  it  for  your  information. 

5934.  Perhaps  you  will  give  it  to  the  reporter  ? — Cer- 
tainly. 

Testing  Sewage  Effluents  by  the  Permanganate  test, 
four  hours  oxygen  absorbed. 

The  standard  solutions  employed  are: — 

1.  Permanganate  of  potash,  0*395  gram  per  litre. 

2.  Sulphuric  acid.  One  part  of  strong  acid  diluted 
with  three  parts  water.  Permanganate  of  potash 
solution  is  added  to  the  diluted  acid  when  cold,  to 
oxidise  any  compounds  which  would  otherwise  inter- 
fere with  the  sample  to  be  analysed.  Only  a  veiy 
small  amount  of  permanganate  is  required  ;  it  is 
added  until  a  faint  but  permanent  pink  tinge  is  given 
to  the  acid. 

3.  Sodium  hyposulphite,  5'0  grams  per  litre. 

4.  Iodide  of  potaesLum,  10  per  cent,  solution. 

5.  Starch  solution,  prepared  from  *'Tous  le  mods" 
starch.  As  much  as  will  cover  a  shilling  is  boiled  for 
a  few  minutes  with  a  litre  of  water,  cooled,  allowed 
to  settle,  and  the  clear  liquid  decanted  for  use. 

Method  of  carrying  out  the  process. 

Into  a  6  oz.  stoppered  bottle  are  placed  in  the 
following  order:  10  c.c.  sulphuric  add,  50  c.c  per- 
manganate of  pota^  solution,  and  70  co.  of  the 
sample  under  examination.  At  the  same  tame  a 
blank  experiment  is  made  with  distilled  water.  After 
standing  four  hours  at  the  laboratoiy  temperature, 
potassium  iodide  solution  is  added  in  excess  to  pre- 
vent any  loss  of  iodine,  and  the  liberated  iodine  la 


titrated  with  the  hyposulphite  of  soda  solution,  the 
end  reaction  being  finished  with  the  starch  solution. 

The  three  minutes'  test  is  carried  out  in  the  same 
manner. 

It  is  necessary  that  at  least  30  per  cent,  of  the 
permanganate  solution  should  remain  unconsumed 
after  standing  the  requisite  time,  either  three  minuter 
or  four  hours. 

For  instance : 

1.  50  c.c.  KMnOi  solution 

10  c.c.  Acid  I 

70  c.c.  Effluent 

is  applicable  to  sewage* 
effluents  having  an  oxygen-absorbed 
test  up  to  2'6  grains  per  gallon. 

2.  100  c.c.  KMnOi  solution 

20  c.c.  Acid 

70  c.c.  Effluent 

is  applicable  to  sewage- 
effluents  having  an  oxygen-absorbed 
test  up  to  5 '0  grains  per  gallon. 

In  Case  1  you  present  oxygen  in  the  form  of 
KMnO^  to  the  effluent  at  the  rate  of  5  grains 
per  gallon,  and  in  Case  2  at  the  rate  of  10  grains- 
per  gallon. 

Example  of  an  Analysis  of  a  Sewage  Effluent. 

^ After  standing  4hrs. 

1.  60  c.c,  KMnOi  solu-       required  28'8  cc, 

tion        -        -        -j  Nag  S2OS  solution. 

10  c.c.  Acid       -        -\  1  c.c,  Na2SjOsSO- 

70  c.c.  Distilled  water  lution  =  1736  c.c. 

i  KMn04  solution. 

2.  50  cc.KMnO,  solution!  ^^j[*^f^»**^^^^^ 

10  cc.  Acid  I  09^..  N^f 

70  cc.  Sewage  effluent/  ^2  3  J^c.  Na^O, 

22*3  X 1-736 =3871  c.c.  KMnO.  solution 
60-0 -3871  =  11-29  cc.  KMn04  con- 
sumed 
=  1  *13grains  Ogpergallon. 
or  28*8 -22'3  x  '003 -r 58*8 =0*001 128  grm.  O,. 

=  ri3  grains  Oj  per 
gallon. 

5935.  How  do  you  determine  the  strength  of  the  per- 
manganate ? — ^With  iodide  of  potassium  and  sodium  hypo* 
suli^ite,  finishing  the  end  reaction  with  starch  solntion. 

5936.  There  are  other  ways  of  determining  it? — Quite 
so.  I  have  used  the  ferrous  sulphate  process,  and,  as  a 
rule,  the  results  are  identical,  but  the  hypoeulphite  pro- 
cess is  an  elegant  one  and,  aa  a  cheinisi,  I  prefer  it 
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5937.  So  it  is  an  empirical  test,  or  how  did  you  come 
at  it? — ^Well,  I  have  been  usins  the  permanganate  test 
for  the  last  twenty-five  years.  My  late  master,  Dr.  Angus 
Smith,  relied  a  great  deal  upon  it.  He  sacd,  "  Nothing 
ever  pretends  to  do  in  water  analyses  what  the  perman- 
ganate test  does.  Those  who  neglect  it  leave  out  the 
putrid  matter,  or  drive  it  off  in  boiling.''  It  is  after 
many  years  of  experience  that  I  have  adopted  the  test. 

Appetidix  5938.  That  particular  way  oi  doing  it  7— Yes.  that  par- 
.(h^.  tic^iar  ^ay  of  doing  it,  and  I  have  not  altered  that  par- 
ticular way  of  doing  it  for  the  last  ten  years ;  therefore, 
all  the  results  I  have  obtained  dunng  that  peiiod  are 
comjMtrable.  Then,  I  would  like  to  explain  what  this 
dissolved  oxygen  test  is,  given  on  tables  "A"  and  '^  B." 
I  take  one  part  of  the  sewage  effluent  under  examinatioti 
and  dilute  it  with  nine  parts  of  tap  water,  shake  it  >ip 
to  aerate  it,  allow  it  to  stand  two  nours,  and  then  esti- 
mate the  actual  amount  of  dissolved  oxygen  present. 

5939.  By  Tlmesh's  method  7— No,  by  SohUtzemberger's 
method,  as  modified  by  Roscoe.  The  diluted  eCEunplea  are 
placed  in  tight-fitting  stoppered  bottles,  the  bottles  are 
placed  in  an  incubator,  and  kept  at  75degs.  Fahrenheit 
for  twenty-four  hours  and  forty-eight  hours.  At  the 
end  of  twenty-four  hours  the  dissolved  oxygen  is  again 
determined,  and  also  at  the  end  of  forty-eight  hours. 
In  that  way  we  determine  the  rate  of  absorption  of  dia- 
eolved  oxygen. 

5940.  Duzing  the  incubation? — ^Tes.  In  other  wordif, 
what  I  have  aimed  at  is  this :  — ^To  estimate  how  much 
dissolved  oxygen  a  sewage  effluent  is  capable  of  absorbing 
during  peidodis  of  twenty^our  hours  and  forty-eight 
hours  respectively,  under  l^e  most  favourable  conditions. 
One  litre  of  the  sewage  effluent  dilu/ted  (100  c.c.  effluent 
-f-  900  CO.  tap  water),  will,  as  a  rule,  contain  7  c.c.'s  of 
dissolved  oxygen  before  incubatdon.  That  ia  equivalent 
to  presenting  to  the  original  sewage  effluent  7  grains  of 
dissolved  oxygen  per  gallon  of  effluent  or  70  cc'a  per  litre. 
It  is  essentially  a  biological  test.  In  the  permanganate 
test  we  present  to  a  sewage  effluent  5  grains  <^  oxygen, 
in  the  form  of  permanganate,  per  gallon  of  effluent,  and 
that  is  a  purely  chemical  test. 

5941.  You  see  how  much  it  consumes  of  those  seven 
^kV^    grains  in  twenty-four  and  forty-eight  hours? — ^Yes.    First 

—  the  dissolved  oxygen  is  determined  at  start,  second  after 
twenty-four  hours,  and  third  after  forty-eight  hours ; 
the  total  volume  consumed  being  stated  in  the  fourth 
column  of  tables  "A"  and  "  B." 

5942.  How  do  the  two  tests  tally,  the  dissolved  oxygen 
jEi^r'  and  the  permanganate  test?— They  tally  very  well. 
—       Tables  "  A  '*  and  "  B  "  have  been  prepared  with  a  view  of 

showing  that.  I  shall  come  to  that  later  on  when  I 
come  to  discuss  standards  more  closely.  I  should,  how- 
ever, like  to  say  here  that  the  test  ia  an  important  one, 
and  whilst  there  exists  mudi  difference  of  opinion  amongst 
chemists  as  to  how  this  test  of  dissolved  oxygen  should 
be  carried  out,  and  be  reported  upon,  I  felt  that  it  was 
much  better  to  look  at  it  from  a  purely  scientific  point 
of  view  as  a  chemist,  and  content  myself  by  indicating 
the  actual  amount  of  dissolved  oxygen  absorbed  by  a 
sewage  effluent  under  standard  conditions.  That  is  a 
safe  ground,  I  think,  to  take.  On  the  other  hand,  it  is 
very  unsafe  to  lay  down  conditions  such  as  consideration 
of  ihe  volume  of  the  sewage  effluent  to  that  of  the  stream 
into  which  it  flows,  the  surface  area  of  liquid  to  be  ex- 
posed to  the  air,  the  power  of  the  effluent  to  absorb 
oxygen  direct  from  the  air,  the  action  of  wind  and  cldmatac 
oonditiona,  etc.  ;  conditions  in  nature  which  are  ever 
varying. 

5943.  Let  me  just  interpret  your  figures  into  parts  per 
hundred  thousand,  one  grain  albuminoid  ammonia  cor- 
responds to  1*12  nitrogen  per  hundred  thousand?— As 
nitrogen  1*176. 

5944.  And  oxygen  absorbed,  0'28  ^rain  per  gallon, 
corresponds  to  0*25  multiplied  by  10  divided  by  7,  equals 
0*36  parts  oxygen  per  hundred  thousand  ? — Ye;» 

5945.  That  is  7  is  to  10  ?— That  is  0-36. 

5946.  And  theoi  one  grain,  4  hours'  test,  would  cor- 
respond to  1*43  per  hundred  thousand  ? — 1*43  per  hundred 
thousand.     Yes. 

5947.  May  we  take  it  then  that  this  standard  aros? 
from  your  action  as  regards  'the  Mersey  and  Irwell 
Board?— Yes. 

5943.  You  introduced  it? — ^I  introduced  it. 
1213. 


5949.  Under  Dr.  Angus  Smith  and  Sir  Henzy  Eoscoe     Mr.  F. 
later  on  ? — Yes,  I  had  aj-eady  fonuulated  these  ftaudards,    Scudder. 
and  discussed  them  with  Sir  ^Henry  Boecoe  before  we  uNov.iMO. 
undertook  to  do  this  work  for  the  Mersey  and  Irwell 
Joint  Committee,  but  in  order  that  the  public  might  be 
satisfied,  and  to  lead  the  sanitary  authorities,  we  fixed 
these  standards  after  having  carried  out  a  long  series  of 
analyses  of  sewage  effluents  derived  from  eewage  works 
in  the  Mersey  and  Irwell  Watershed. 

5950.  Have  you  miade  any  eijpeidmenta  to  show 
iwheAher  ithe  albuminoid  nitrogen  has  any  relation  to  the 
total  organic  nitrogen  in  the  effluent  ?— Yes,  and  it  has 
|DO  nslation.  I  have  made  some  (hundreds  of  experi- 
onents,  but  I  have  had  to  discard  the  idea. 

5951.  Any  idea  that  the  total  ailbuoninoid  ammonia 
gives  you  any  idea  of  the  total  organic  nitrogen  ? — ^Yes, 
for  sewage  effluents. 

5952.  Do  you  follo(w  Wanklyn's  ordinary  process  in 
fietemnining  albuminoid  amBuonia  or  have  you  any 
special  modification  ? — ^No,  I  think  I  follow  Wanklyn'e 
process.  Here  again  you  have  to  be  very  careful ;  you 
jhave  to  lay  down  a.  systematic  procedure  in  the  labora- 
itory.  You  must  fix  a  definite  volume  of  the  sewage 
effluent  to  be  taken  for  the  determdnation,  taving  regard 
^  its  organic  impuri'ty.  You  must  also  ibe  careful  that 
you  distil  over  the  same  volume. 

5953.  Each  time  ? — ^For  instance,  if  you  have  an  albu- 
minoid ammonia  of  0*434  gradne  to  the  gallon,  you  distil 
over  100  c.c.  {^traigkt  away  ;  the  next  50  c.c.  wiill  adoo  oosi- 
tain  amdnonia,  and  tbe  next  50  c.c.  also.  I  t^refore 
neeslerise  the  three  50  c.c.'s  aeparately,  and  add  thtt 
anumiCMiia  yielded  to  that  found  in  the  fiisit  100  ac.  of 
daBti<ldate.  I  attach  a  great  deal  of  imiportance  to  the  raite 
at  wdiicih  the  aitbuminoid  aanmoiiia  is  fomied.  It  is  not 
shown  on  the  report,  but  the  kboratoiy  norte4boo(ks  con- 
tain these  impoitant  figures.  8«netime6  disputes  arise 
with  regard  to  the  al'buminioid  figure,  ihust  I  fixid  thait-  it  it 
invariably  traced  to  the  volume  of  distiUate  taken  ovec^ 
— some  effluents  persisting  in  yielding  ammonia. 

5954.  Always  give  ammonia? — ^Always  give  ammonia. 
Jn  the  Mersey  and  Irwell  Watershed  I  have  arranged 
with  the  chemists  to  estimate  the  ammonia  in  not  less 
than  250  c.c.  of  the  distillate.  I  have  written  out  a  de- 
tailed statement  of  how  I  carry  the  test  out,  and  hand 
same  in. 

Estimation  of  Albuminoid  Ammonia. — Reagents  re- 
quired :  Sodium  carbonate  (normal  strength),  1  c.c.  used 
for  each  determination. 

Alkaline  {>ennanganate,  8  grms.  KMnO^  and  200  grms. 
caustic  potash  dissolved  and  made  up  to  one  litre  with 
distilled  water. 

50  c.c.  01  alkaline  permanganate  are  ueed  for  each  deter- 
mination. To  50  c.c.  are  added  50  c.c.  distilled  water, 
and  boiled  in  a  nickel  basin  down  to  50  c.c.  to  expel  any 
aoimnnia  before  use. 

Standsid  ammonium  chloride,  3*15  gims.  of  pure  re- 
subldmed  iNiH^Cl  per  Ktre.  1  c.c.  -  1  mgnn.  NH3. 
From  this  solution  a  weaker  standard  is  prepared,  10  c.c. 
made  up  to  1  litre ;  1  c.c.  -  0*01  mgrrn.  NH3,  which  is 
used  as  the  standard  for  nesslerising. 

Method  of  Procedure. — ^The  distillation  is  conducted 
in  a  Bohemian  round  bottomed  flask  holding  1100  c.c. 
The  condenser  tube  is  made  of  block  tin  placed  in  a  copper 
box,  through  which  a  stream  of  water  passes,  so  as  to 
ensure  the  distillates  being  of  a  constant  tempenture, 
which  is  a  most  important  point  in  nesslerising  ;  700  c.c. 
of  pure  distilled  water  are  placed  in  the  flask,!  c.c.  NaaCO^ 
solution  added,  and  50  c.c.  distilled  over  and  tested  for 
ammonia.  If  not  quite  free,  a  second  50  c.c.  is  ditrtilled 
(this  second  50  is  invariably  free).  The  flask  is  allowed 
to  cool,  and  a  measured  quantity  of  the  sewage  effluent  is 
added,  varying  from  10  c.c.  to  70  c.c,  according  to 
whether  the  effluent  is  crude  sewage,  tank  effluent,  or 
filtered  effluent.  Distillation  is  (proceeded  with,  250  c.c 
being  distilled  straight  away  into  a  250  c.c.  flask  lor 
free  and  saline  ammonia;  50  c.c.  are  next  distilled  into 
a  Kessler  tube,  and  tested  for  ammonia,  but  ahuoet  in- 
variably it  will  be  found  free.  After  the  free  and  saline 
ammonia  have  been  distilled  off.  50  c.c.  of  the  alkaline 
peimanganate  (previously  boiled)  is  added,  and  iho  dis- 
tillation continued,  the  distillate  being  collected  In  a  100 
c.c.  fiaak,  then  in  50  c.c.  Nessler  tubes,  until  250  c.c.  of 
distillate  have  been  collected.  The  distillates  are  then 
nesslerised  in  the  usual  way.    For  instance: 

Tt 
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A  Bad  Effluent.    25  c.c.  taken  for  determination. 

I .  Free  and  Saline  Ammonia. 
Distillate 250 c.c     =     625  c.c.  NH4CI. 
10  C.C     =     2-1 

next  50  CO.      =      0*0 


\h  25  cc 

X     — 


52-5 
70  cc.        :     52*5  :  x 
147-0  cc  NH4CL 
1  '47  grains  per  gallon. 


A  Faib  Efflubkt.    50  cc.  taken  for  determination. 
1    Free  and  Saline  Ammonia. 
Distillate  250  cc     =     70*00  cc  NH^Cl. 

10    =    2-8 

next  60  cc  =      0*0 


700 cc  NH4CI. 
As  50  cc,  :  70  cc  :  :  70  :  a; 
X     =     9^  cc  NH4CI. 

-^    0*98  grain  per  gallon. 


5955.  Do  yoiu  know  whethei  the  permanganate  test  as 
regards  the  ef&uent  acts  on  s^m^  particular  part  of  the  or- 
ganic  matter ;  have  you  any  idea  what  it  does  ? — Well, 
it  seems  to  have  a  selective  action — that  is,  it  seems  im- 
mediately to  attack  and  destroy  the  oiganic  matter  which 
ia  of  a  putrescible  oharacter.  That  is,  if  you  have  an 
effluent  which  absorbs  a  large  volume  of  oxygen  from 
permanganate  of  potash,  it  wiU  also  absorb  a  large  volume 
of  disolved  oxygen  from  aerated  water.  The  purely 
chemical  test  runs  parallel  with  the  biological  test. 

5056.  Quite  90,  and  for  that  reason  you  believe  in  the 
permanganato  process  as  giving  a  fair,  indication  ?— -I  do, 
and  I  put  these  tables  of  results  forward  as  substantiating 
that  position.  So  far%s  I  am  aware,  liiere  have  only 
been  two  objecticms  raised  to  the  permanganate  process 
as  applied  to  the  examination  of  sewage  effluents.  The 
first  one  is  tJiat  the  presence  of  nitrites  distuiib  the  test. 
Well,  nitrites  can  readily  be  quantitatively  determined 
and  allowed  for.  The  other  objection  is  that  the  per- 
manganate test  measures  sulphuretted  hydrogen.  But 
ftulphuretted  hydrogen  is  a  product  of  animal  and  vege- 
table decomposition,  and  must  be  taken  into  account. 
Effluents  after  undergoing  the  incubator  test  for  five  days 
often  contain  sulphuretted  hydrogen,  and  it  is  an  im- 
Twnrtant  eabstanoe  to  estimate. 

5957.  Do  you  not  allow  for  the  presence  of  ferrous  iron  ? 
— ^It  would  affect  the  permanganate  test,  but  I  have 
shown  elsewhere  that  sewage  effluents  do  not  contain 
sufficient  ferrous  iron  to  affect  the  test. 

5058.  So  little  as  a  rule  in  ordinary  effluents? — So  little 
as  a  rule  in  ordinary  effluents,  and  also  in  tank  effluents 
that  have  been  precipitated  by  a  ferrous  salt  of  iron,  that 
no  allowance  is  necessary. 

5059.  Hiave  you  any  reason  for  selecting  the  60  degrees 
Fahrenheit,  or  is  that  only  taken  as  a  convenient  tem- 
perature?— ^I  only  adopted  that  temperature  for  conveni- 
ence and  for  practical  reasons,  m  sending  assistant 
chemists  round  to  sewage  works  to  carry  out  determina- 
tions on  the  spot,  it  is  as  well  to  carry  out  the  tests  under 
the  ordinary  conditions  of  temperature. 

5960.  Supposing  it  is  summer,  and  the  temperature  is 
at  80  degrees,  what  do  you  do? — ^I  make  the  test  at  80 
degrees. 

5961.  You  do  not  trouble  about  tliat? — No,  I  do  not 
trouble  about  that.  I  know  there  are  chemists  who  only 
carry  out  the  te^  at  80  degrees,  and  t  have  on  several 
occasions  ^amined  how  they  do  it,  and  in  some  instances 
this  condition  is  by  no  means  fulfilled,  so  I  have  oome  to 
the  conclusion  that  the  game  is  not  worth  the  candle. 

5962.  In  your  opinion  it  does  not  very  much  matter 
within  20  or  30  degrees  Fahrenheit  wiiat  the  temperature 
of  the  lower  test  is  ?— <No. 

5963.  Have  you  tried  any  comparative  results  to  soe ; 
have  you  found  any  difference  ^---Yes,  there  is  a  slight 
difference.  I  handed  in  a  table  ilast  time  I  was  here. 
Sir  Henry  Bosooe  handed  one  in  which  I  had  prepared, 
showing  Uie  results  obtained  at  60  and  80  degrees. 

5964.  And  they  do  not  substantially  differ? — No. 

6965.  To  change  the  subject,  when  you  are  applyinj^ 
tihose  tests  to  an  effluent,  do  vou  take  the  whole 
effluent  or  leave  out  the  solids  f— I  take  the  whole 
of  ihe  effluent,  because  it  is  in  that  condition  as  it 
is  dischaiged  into  the  river.  Of  course,  for  my  own 
private  information,  and  mwe  especially  with  effluents 
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containing  decided  amounts  of  suspended  matter,  I  some- 
times analyse  both  the  sample  as  received  and  after 
filtering,  and  it  throws  very  often  oonsiderable  ligfht  on 
the  interpretation  of  the  analyses.  Whilst  I  am  on 
this  subject  I  may  perhaps  be  allowed  to  refer  by  ivay 
uf  illustration  to  the  results  obtained  with  effluents  from 
the  Whittaker  and  Bryant  filter.  Doubtless  you  havs 
aheady  had  it  in  evidence  that  the  effluent  after  treat- 
m^it  contains  solid  matter  in  suspension.  QQie  amount 
of  total  solid  matter  in  suspension  varies  from  2*9  to  5*9. 
grains  per  gallon.  The  permanganate  4  houis^  test  varies 
from  0*86  to  1*30  grains  per  gallon.  The  albuminoid  am- 
monia varies  from  0*144  to  0*201  grains  ammonia  per 
gallon.  The  standards  are  exceeded.  If,  (however,  you 
remove  the  solids  in  su^enaion  by  sedimentation  or  fil- 
tration, and  then  analyse  the  liquid,  you  will  find  that  it 
then  complies  with  the  standards.  The  ailbuminoid  am- 
monia drops  down  to  considerably  below  0*1.  I  hsTe  a 
table  here. 

5966.  Albuminoid,  ammonia  is  always  in  the  sediment  ? 
— ^Yes,  it  is  in  the  sedtiment.  It  is  imiportant  to  ascertain 
in  cases  of  this  description  why  the  standards  are  in- 
fringed, because  the  effluent  was  found  incapable  of  ab- 
soiinug  dissolved  oxygen,  and  contained  nitrogen  as 
nitrates.  By  filtering  or  removing  by  sedimentation  ths 
solid  matter  you  ascertain  that,  and  for  that  reason  it  is 
necessary  in  pxvustice  to  deal  wiih  the  suspended  matter 
from  the  Whittaker  and  Bryant  fillter  before  aUonving  the 
effluent  to  escape  into  the  river. 

5967.  You  will  not  actually  regulate  the  course  of  jsur 
analyses  by  the  particular  matter  in  the  effluent  9 — ^Cer- 
tainly ;  for  instance,  although  the  results  were  satiefso- 
tory  in  many  respects,  I  condemned  the  effluent,  and 
said  it  ought  to  be  filtered  prior  to  going  into  the  river. 
When  that  was  undertaken,  and  the  solid  matter  z«** 
moved,  then  the  effluent  complied  in  every  particular 
with  those  standards. 

5968.  {Sir  Michael  Foster.)  In  the  Whittaker,  what  is 
the  ratio  between  the  two  as  regards  albuminoid  ammooia 
ill  suspension  and  in  solution  ?  You  say  it  makes  a  great 
difference.  Roughly,  what  is  the  difference  between  the 
TWO? — ^The  albuminoid  ammonia  in  the  original  sample 
was  0*144  grains  per  gallon.  After  settlement  it  was 
0068. 

5969.  (Professor  Bamsay.)  Less  than  halft — Leaa 
tlian  half.  The  effluents  are  not  liable  to  secondary 
decomposition,  but  they  contain  suspended  matter 
which  ought  to  be  removed  prior  to  entering  the  stream. 

5970.  Have  you  any  other  records  of  the  same  kind  ? 
Is  it  possible  to  draw  any  conclusion  as  to  the  amount 
of  al/biiminoid  am>monia  obtainable  from  the  sediment 
and  from  the  filtered  liquid? — ^Yes,  for  instance,  in 
storm  water  sewage  the  yield  of  albuminoid  ammonia 
is  in  a  great  measure  due  to  the  solids  in  suspension. 
If  you  pass  storm  water  sewage  through'  filter  paper, 
you  will  find  very  little  albuminoid  ammonia  yielded 
by  the  filtrate.  There  are  other  records,  for  instance, 
cases  where  sewage  works  are  in  operation  where  the 
bulk  of  the  filtered  effluent  is  good,  but  there  are  at 
times  leiJcages  of  raw  sewage  into  it ;  you  will  find  in 
such  cases  that  the  sedimentary  matter  is  most  im- 
portant ;  it  sends  up  the  results  so  as  to  condemn  the 
effluent,  although  only  a  very  minute  proportion  of  un- 
treated sewage  may  be  there.  For  these  reasons  I 
always  insist  upon  analysing  the  sample  in  the  condi* 
tion  in  which  it  is  diaohaxged  into  the  river.     To  test  only 
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for  t^e  aoluhle  ftlbmnmoid  would  not  help  you  to  abop 
pollution. 

fi97L  Do  Tou  bring  this  into  7t>ur  standard  at  All, 
this  particular  fact  of  the  albuminoid  ammonia  re- 
aiding  largely  in  the  filtrate  or  largely  in  the  turbidity  1 
— No,  I  say  if  a  liquid  does  not  contain  more  than  (rl 
grain  albuminoid  aanQMndA  per  gallon,  it  can  pass. 

5972.  Taking  it  ovea:head? — ^Yes,  I  do  not  take  any 
notice  in  this  test  of  the  suspended  matter,  because 
you  cannot  get  an  effluent  to  comply  vnth  the  standard 
if  it  contains  suspended  matter  of  an  organic  character. 
As  a  ruie  the  bulk  of  the  euspended  matter  in  good 
effluents  oonsists  of  inoi^anic  matter,  chiefly  oxide  of 
iron.  The  best  ^uenta  I  have  submitted  to  me  for 
analysis  aie  after  treatment  by  land,  and  these  carry 
•the  largest  amount  of  susipended  matter;  they  con- 
tain more  than  in  effluents  after  bacterial  treatment  by 
artificial  filtering  media,  but,  as  I  have  said,  the  sus- 
pended matter  is  ohiefly  oxide  or  iron,  with  very  littiLc 
organic  matter. 

5079.  Yes,  that  is  so,  you  must  differentiate  between 
one  case  and  another ;  to  effluent  from  land  you  apply 
one  mode  of  treatment,  and  to  effluent  from  the 
Whittaker  filter  you  apply  another  mode  of  treatment. 
The  AVhittaker  effluent  would  not  agree  with  the 
•Mersey  and  Irwell  standard  unless  it  was  filtered  ? — Or 
allocwed  to  subside. 

5974  Or  allowed  to  subside? — We  should  not  allow 
the  Whittaker  effluent  to  go  into  the  river  until  the 
suspended  matter  was  removed. 

5975.  Then  it  would  comply  with  your  standard? — 
It  would  comply  with  our  steward;  we  should  object 
to  the  effluent  containdng  suspended  matter  on  another 
cround,  viz.,  that  it  would  cause  sedimentation  in  the. 
river  bed. 

5976.  (Sir  Miekad  Foster,)  In  the  Whittaker  effluent, 
what  is  roughly  the  proportion  in  the  suspended  matter 
of  the  organic  to  inorganic  material,  do  you  know? — 
First  experiment,  1*9  mineral,  2*8  organic ;  second  ex- 
periment, 1*8  mineral,  3*6  organic;  third  experiment, 
1*4  mineral,  3*9  oi^nic;  fourth  experiment,  2*3 
'!nineral,  1*3  organic;  fifth  experiment,  1*1  mineral, 
13  organic ;  and  sixth  experiment,  1*7  mineral,  2*4 
organic. 

oHfTT.  Generally  more  than  half? — Generally  more 
than    half. 

5978.  (Profesior  Bam$ay,)  Have  you  any  standard  or 
particulars  as  to  the  relative  amounts  of  suspended 
Boiids  in  an  effluent  which  should  be  allowed  to  run 
into  the  riTer? — ^From  a  sewage  effluent? 

5979.  Yes^Well,  I  should  Minit  the  amount  of  su«- 
pended  matter  from  sewage  effluents  to  a  maximum  of 
three  grains  to  the  gallon. 

5060.  Is  that  an  official  limitation  or  your  own 
opinion? — Well,  that  is  the  result  I  hsTe  arrived  at 
from  a  large  number  of  samples  that  have  been  ex- 
amined. I  have  observed  that  land  effluents  contain 
more  suspended  matter  than  those  from  other  filtering 
media,  but  the  suspended  matter  does  not  exceed,  as  a 
rule,  the  maximum  of  three  grains  to  the  gallon. 

5981.  If  it  does  you  reject  it? — ^If  it  does  we  reject 
it ;  if  above  the  three  grains,  tlien  the  albuminoid 
ammonia  test  would  condemn  it. 

6962.  Without   the   trouble   of   estimating    the    bus. 
pended  matter?— Yes,  without  that  trouble^   Of  course, 
when  yon  come  to  bacterially  treated  effluents,  if  the 
bedfi  are  wwkeid  properly,  then  ymi  have  effluents  piac-   • 
tically  free  from  susipended  matter,  only  ok>udine8s. 

5963.  Then  let  me  take  it,  to  sum  up  this  part  of 
it,  that  you  do  not  determine  the  oxygen  absorbed  in 
tiie  clear  effluent,  you  determine  oxygen  absorbed  in 
the  total  effluent?--!  determine  oxygen  absorbed  in 
the  total  effluent.  When  I  was  before  you  last  time  I 
put  in  some  tables  of  analyses  showing  the  difference 
between  the  oxygen  absorbed  on  the  samples  shaken 
before  analysis,  and  the  clear  liquid  after  settlement ; 
the  results  were  very  instructive ;  a  long  series  of  ex- 
periments. 

5984.  Then  do  you  think  a  good  part  of  the  oxygen 
absorbed  goes  to  oxidise  the  suspended  matter  7 — ^Ko,  I 
do  not  tUnk  so;  I  think  the  bulk  of  it  goes  to  the 
soluble,  because  there  is  very  little  suspended  organic 
matter  there  to  be  oxidised. 

5965.  In  the  suspended  matter  surely  there  must 
be;  fiPOflpendM  matter  oonsists  a  good  deal  of  oa:^B;aindc 
matter  ?— I  was  thinkinfg  of  good  effluents  that  ought  not 
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to  have  mure  tlian  tlnree   graiue  of  solids  per  gaiLon.       Mr.  F. 
Of  course,   tilie  oigandc  matiDer  of  the  suspended  sohde     Settkder. 
is  nwenou'sly  attacked  by  peimanganajte.  iSNoiTiflOO. 

5966.  But  I  mean  the  free  oxygen  absorbed  also  goes      

to  oxidise  the  solid  matter,  does  it  not,  in  your  in- 
cubator test? — ^Tes,  but  it  prefers  the  soluble,  it  at- 
tacks the  soluble  in  preference  to  the  insolubleu 

5967.  But  with  the  incubator  test  you  deal  with  the 
whole  efflueot  i — ^I  deau  wiuh  the  whole  effluen/t^  ceaitninv . 

5988.  Would  you  mind  describing  the  incubator  test, 
to  have  it  on  record  ? — The  incubator  test  I  introduced, 
I  think,  about  1885,  to  serve  the  following  purpose: — 
There  was  a  feeling  amongst  chemists  on  the  Mersey 
and  irwell  Waterahed  that  the  Oonservancy  Board 
ought  to  be  satisfied  with  a  chemically  treated  effluent, 
and  it  was  necessary  to  point  out  that  even  alter 
chemical  treatment  the  effluent  was  liable  to  secondary 
d6Coanpk>si'&ion-Htlhatt  it  \mA  lisJble  to  smell;  and  in 
order  that  I  might  guide  gentlemen  who  were  not 
chemists  in  this  matter  to  appreciate  the  value  of  filtra- 
tion as  an  essdntial  procoba  of  punfication.  I  brought 
out  this  incubator  test,  and  shortly  desi^bed  it  is  as 
follows  :  — ^You  take  a  glass-stoppered  bottle  full  of  the 
effluent,  and  expose  it  in  the  incubator  to  a  tempera- 
ture of  75  degrees  Fahrenheit  for  from  three  to  five 
liays.  No  instance  has  come  under  my  observation 
where  a  chemically-treated  tank  effluent  did  not  pro-^ 
duce  a  smell  under  these  conditions.  On  the  other 
hand,  with  good  effluents  they  remain  sweet  during  the 
period  of  incubation.  It  was  a  test  that  you  give  the 
non-scieintific  man  bo  oarry  out  oai  a  matntelpiece  by  his 
own  fireside.  Indeed,  in  the  case  of  Manchester  I  dis- 
tributed the  tank  effluent  in  stoppered  bottles  to 
members  of  the  Rivers  Committee,  and  asked  them  to 
keep  it  for  two  or  three  days.  They  very  soon  found 
out  that  the  effluent  underwent  putrefaction.  It  was 
a  simple  test  readily  taken  up  by  the  sanitary  authori- 
ties, and  used  by  the  Manchester  Corporation  them- 
selves, because  when  they  came  to  deal  with  the  tank 
effluent  by  filtration  they  found  out  that  the  effluent 
was  no  longer  liable  to  putrefaction,  and  that  the  test 
was  a  valuable  guide.  I  want,  however,  to  guard 
myself  against  the  incubator  test.  It  has  been  rather 
overused,  and  like  all  other  tests  it  will  not  stand  too 
much. 

5989.  It  is  an  educational  more  than  a  scientific  one  ? 
— Quite  so.  Now,  I  think,  it  can  be  brought  forward  as 
a  scientific  test. 

5990.  A£ter  you  have  done  this,  you  test  the  oxygen 

aibaodbed   from  penmenganflte  again,  do  you?— Yes,   I 

apply  the  three  minutes  test.    Although  I  also  apply 

the  four  hours  test,  yet  I  have  not  been  able  to  get  any 

value  from  it,  but  with  the  three  minutes  test  i  obtain 

valuaUe  figuses,   which  oan  with  advantage  be  shown 

in  diagisananatic  form,  of  the  amount  of  the  putrescence 

produced.  When,  however,  sanitary  authorities  took  up 

the  question  of  filtration  Seidously,  I  observed  that  in 

some  cases  effluents  that  would  not  comply  witii  the 

standards  did  comply  with  the  incubator  test.    It  was 

o^bserved   that    an   effluent   oontaining   notntes,    when 

placed   in   the   inoutbator,  did  not  pn^Uioe  an  offensive 

smell,  and  that  the  three  minutes  permanganate  test 

did  not  give  a  higher  result,  although  all  the  standards 

were  infringed.     It  was,  therefore,  necessarr  to  examine 

by  more  scientific  methods  the  changes  that  effluents 

undergo  during  incubation,   and  for  that  purpose  I 

adopted  two  methods.     The  first  was  to  measure  the 

rate  at  which  dissolved  oxygen  was  absorbed,  and  the 

second  to  measure  the  rate  at  which  nitrates  disappeared 

from  the  effluent  during  the  period  of  incubation.    My 

point  is  this,  that  if  you  have  an  effluent  which  is  capable 

of  TobSbing  aerated  water  of  its  dissolved  oxygen,  and  has 

also  the  power  of  destroying  nitrates,  it  is  going  to 

bring  about  a  condition  which  is  evil  or  liable  to  be 

evil,  and  that  is  my  definition  of  a  polluting  effluent. 

5991.  Is  it  necessary  to  determine  the  nitrates  at  the 
same  time  ?— Very  important. 

5992.  Do  you  systematically  determine  the  nitrates? 
— Certainly,  I  do. 

5993.  Would  you  modify  your  general  Mersey  and 
Irwell  standard  by  introducing  some  statement  about 
the  amount  of  nitrates  in  the  water.  IX>  you  or  do  you 
not  consider  it  necessary  to  do  that  ? — Yes,  I  consider  it 
very  important  to  take  into  consideration  the  rate  at 
which  nitrates  disappear.  I  have  for  some  time  been 
thinking  this  matter  over,  and  from  the  information 
now  acquired,  I  am  inclined  to  define  a  non-ptiiluting 
sewage  effluent  as  an  effluent  capable  of  absorbing  from 
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Mr.  V.     ^^  ^^^^  solution  of  permanganate  of  potash,  acting  at 
Scudder,     60  degrees  Fahrenheit,  not  more  than  0*5  grain  of  oxygen 
iskSTiok).  per  gallon  of  effluent. 

5004.  {Colonel  Harding.)  That  is  half  the  Mersej  and 

Irwell  standard  I — That  is  half  the  Mersey  and  Irwell 
standard.  With  the  three  minutes  test  the  effluent 
should  not  exceed  a  quarter  of  a  grain  oxygen  absorbed, 
and  with  the  albuminoid-  ammonia  test  the  ammonia 
should  not  exceed  0*1  of  a  grain.  Moreover  the 
effluent  ougiit  to  be  incapable  of  absorbing  more  than  two 
graine  of  diseoilved  oxygen  per  gallon  of  efflueoc  fiv>m 
aerated  water  (1  volume  effluent  mixed  with  9  volumes 
of  tap  water),  at  a  temperature  of  75  degrees  Fahrenheit 
acting  for  48  hours  ;  ajod  the  eitiueott  ought  not  to  appro- 
dalbly  deeiizoy  niitrabes  when  these  a3<e  addled  to  it, 
during  a  period  of  incubation  tor  48  hours  at  75  degrees 
Fahrenheit. 

5995.  (Professor  Bamsay.)  Then  you  estimate  tlie 
nitrates  before  and  afterwardsl? — I  add  to  th<e  sewage 
effluent  a  definite  amount  of  nitrate  of  potaidi,  equivalent 
to  0*25  grain  nitiogen  as  nitra^te  per  gaiilon  of  effluent,  and 
I  determine  the  rate  at  which  the  nitrate  disappears. 

5996.  That  means  two  estimations  of  nitrates,  one 
before  and  one  after  ? — Three,  one  at  the  commence- 
ment, one  after  24  hours,  and  one  after  48  hours. 

5997.  Estimating  the  nitrates  before  and  after  at 
each  stage  ? — Yes. 

5996.  Have  you  any  special  means  of  estimating  the 
nitrates? — I  have  a  special  m-ethod  for  deternmning 
nitrites  and  nitrates  together. 

5999.  May  I  ask  what  it  is  ? — ^Yes,  I  measure  70  c.c. 

of  the  sewage  effluent  into  a  nickel  basin,  add  0*5  c.c. 

normal  Na^OOg,  evaporate  to  drynees  an  a  water  batli  to 

get  rid  of  ammonia,  reddseolve  in  disftilled  water,  transfer 

the  liquid  to  a  glaas  preparation  tube  6  inches  long  by ' 

1^  inches  wide,  witJi  a  50  c.c.  mark,  and  make  the  liquid 

up   to  50  c.c.    with    distilled    water.      I   then    add   5 

c.c.   of  a  25  per  cent,  pure  hydrochlorio  acid  (recently 

distilled    from    H2SO4,     and    NH3 — free),    and    then 

a  piece   of   thin   aluminium   sheet  weigmng  from  0*5 

to  0*7  gram,  and  measuring  about  2  inches  iby  1  inch, 

which  has  been  amalgamated  by  either  dipping  into 

HgOl^  eolution,  or  preferably  by  standing  20  minutes 

in  Nessler  residues.       A  vigorous  action  at  once  comr 

meiices,  and  to  prevent  loss  of  •escaping  vapour  a  cork 

fitted  witii  protection  tube,  filled  with  glass  Wool  and 

moistened  with  water,    r&  aifatached  to  tho  prapcuration 

tube.     No  NH,  can  escape,  as  it  is  held  by  the  acid 

solution.     In  this  manner  1  grain  nitrogen  as  nitrates 

per  gallon  can  easily  be  reduced  to  ammonia  in  one 

hour.      After  reduohion,  the  acdd  soOmtion  is  added  to 

an  alkaline  liquid  in  a  flask  which  has  been  distilled 

free  from  aonmonia,  and  distilled.     Tih<e  ammionia  is  tjhen 

estimated  in  the  distillate. 

6000.  Have  you  tried  it  without  distilling  ^Yes,  I 
have  tried  it  without  distilling,  but  I  prefer  to  distil 
orer  and  nesslerise  the  distillate,  because,  in  many 
cases,  the  colour  of  the  nessler  is  affected,  and  accurate 
results  cannot  be  obtained  with  sewage  effluents  by 
direct  nesslerisation.  I  have  done  this  really  scientifi- 
cally, in  order  to  get  accurate  results.  All  the  different 
methods  of  reduction  described  in  the  text  books  on 
water  analysis  are  not  to  be  relied  upon.  You  must 
have  a  definite  relation  of  the  volume  of  the  effluent  tc 
the  surface  area  of  the  amialgamiated  altuninium  foil. 

6001.  Have  you  formed  any  theory  as  to  how  the 
nitrates  disappear  by  any  action  of  bacteria? — ^Yes,  I 
think  it  ie  pretty  conclusive  that  nitrogen  ga»  is  evolved 
fram  the  nitrate. 

6002.  The  whole  of  the  nitrogen  is  removed? — The 
whole  of  the  nitrogen  is  removed.  I  might,  whilst  on 
this  point,  refer  to  a  report  by  the  late  Dr.  Angus  Smith. 
I  made  the  experiments  for  him  upon  this  matter.  I 
am  quoting  from  a  report  to  the  Local  Government 
Board  by  Dr.  Smith,  who  was  inspector  under  the  Brivers 
Pollution  Prevention  Act,  1876,  dated  1884.  That  was 
the  year  of  Dr.  Angus  Smith's  death.  On  page  23  he 
gives  some  additional  results  illustrating  the  escape  of 

•  free  nitrogen  from  sewer  river  water,  when  nitre  is 

added:  — 

(1)  Medlock  water  collected  April  30th,  1883,  1,150 
c.c.  +  1  grm.  KNO3.  Gss  evolved  103*3  c.c.  nitrogen  ; 
1  grm.  KNO3  contains  110*2  cc.  nitrogen. 

(2)  Medlock  w»ber  50  cc.  +  50  milligrammes  KXO3. 
Gas  eivo(Lv>ed  4*8  c.c  nitrogen;  50  mgrms.  KNO3  con- 
tain 5*51  c.c.  nitrogen. 

(3)  Bridgewateii  Canal  water,  SO  c.c.  +50  mgrms. 
"KNO3.     ^o  g»s  evolved  during  46  days*  observation. 


(4)  Manchester  water  containing  nitrate  of  potash  did 
not  evolve  any  gas  during  46  days'  observation. 

(5)  Salford  sewage  50  c.c.  +  50  mgrms.  ENO3.  Gaa 
evolved  5*53  c.c  ;  50  mgrms.  KNO3  contain  5*51  c.c 
nitrogen. 

(6)  Salfoid  sewage  350  c.c.  +  0*35  gnn.  KNO3.  Gaa 
evolved  37*8  c.c.  nitrogen  ;  0*35  grm.  KNO3  contains 
38' 6  c.c.  nitrogen. 

These  experiments  made  in  1883  showed  that  we  were 
measuring  bacterial  forces  by  chemical  meana.  We  alfio 
added  grape  sugar  to  contaminated  waters,  and  measured 
the  volume  of  hydrogen  evolved. 

6003.  Have  you  ever  thought  that  it  would  be  a  good 
way  of  determining  the  putreacibilityof  awater  simply 
to  measure  th&  rate  at  which  nitrogen  is  evolved  from 
nitrates  ? — ^I  have  eome  taibles  showing  the  rate  at  which 
^laitrates  ddaapoear. 

6004.  You  do  that  by  meaauxing  the  nitrates  ;  could  it 
not  be   estimated   by   measuring   the   nitrogen? — ^That 
would  involve  the  uee  of  gaa  apparatus  and  great  refin<>- 
ment  of  working,  as  the  volume  of  nitrogen  evolved  is  8< 
small  and  90  difficult  to  measure.     If  a  sewage  effluert 
contained  1*8  grains  nitrate  cf  potash  per  gallon,  equivi. 
lent  to   0*25   grain   nitrog'in,    tiie    volume  of  nitro^e; 
evolved  would  ibe  only  12*0  c.c.  per  gallon.   I  do  not  thmi 
it  could  be  done. 

6006.  Tou  say  that  you  incuibalte  from  three  to  fivi 
days?— ^After  three  days  incubation  you  reach  a  ^inl 
beyond  which  you  do  not,  as  a  general  rule,  obtain  highe 
re^ts,  but  the  maximum  smell  is  developed  in  ever; 
case  after  five  days.  Beyond  five  days  no  nigher  result 
is  obtained — that  is,  with  the  three  minutes'  tost.  If  you 
ajiply  it  at  ihe  end  of  five  days  you  will  get  x  result,  aiid 
if  you  apply  it  at  the  end  of  a  month  you  will  only  get  2 
rexult. 

6006.  Does  that  imply  two  sets  of  experiments,  one  for 
three  da3rB  and  cue  for  &ve  days  ?  >How  can  you  know 
that  the  whole  thing  is  over  in  three  days  ? — oj  its  ap- 
peanmce  ;  it  has  gone  quite  ^lack,  and  sometimes  it  will 
nunit  the  bottle  by  the  gas  generated. 

6007.  Hiat  would  at  once  put  an  end  to  your  experi 
ment  ? — ^Yes. 

6008.  How  do  you  know,  do  you  keep  it  on  to  five  days 
or  terminate  it  at  the  end  of  tliree  ? — All  the  tests  that 
are  reported  are  kept  in  the  incubator  for  five  days.  Al 
the  end  of  three  days  we  go  to  the  incubator  and  pick  out 
those  that  are  black,  and  after  noting  their  ajipeannce 
and  smell,  throw  them  away,  but  in  all  oases  of  im- 
portance, and  in  every  case  reported  upon,  they  are  kept 
on  for  ti^^e  days,  so  diot  all  tiie  results  are  comparable. 

6000^.  Do  you  find  that  what  they  call  a  sweet  smell 
(not  a  putrescent  smell)  and  diminution  of  oxygjen 
absorbed,  do  they  always  agree  in  a  good  effluent? — Yw. 

6010.  You   find   that   is   invaria/bly  so? — ^That  is  so,    ah^  .in 
although  you  get  to  what  I  have  stated  in  my  prScis  to  a     "^^ 
critical  point.    For  instance,  on  reference  to  Tables  "  A  *' 

and  "  B,''  you  will  observe  in  one  example  where  the  four 
hours'  test  was  0*86  grain  that  that  effluent  went  bad  in 
the  incubator.  I  do  not  think  you  will  ever  find  an 
effluent  having  an  oxygen  absorbed  below  0*7  acting  in 
t-liis  \^Tay,  but  fjxnn  0*7  to  1"0  i-*  sometimes  doulbbful, 
tiluour^  they  are  only  excepibibnnL ;  as  a  rule,  you  may 
take  it  they  do  not. 

6011.  So  I  may  take  it  that  the  allbuaninoid  ammonia 
and  the  oxygen  aibsorbed  and  the  incubator  test  agree 
with  each  other  within  broad  limits  ? — They  do. 

6012.  And  you  make  use  of  all  three  ?  In  the  case  when 
you  found  a  sample  to  putrefy  ^ihdch  ehowed  0*86  cif 
oxygen  ab8orbe<l,  was;  the  albuminoid  ammonia  bad? — 
It  was  very  had — 0*21  grain. 

6013.  And  you  woxrid  ha\e  condemned  it  for  the  ablu- 
minoid  alone? — Yes,  and  the  three  minutes'  test  was 
0*43,  so  I  had  two  tests  there,  you  see,  out  of  three,  that 
were  fatal  to  the  sample.  Then  I  had  also  the  incubator 
test,  which  showed  ^e  effluent  to  be  of  a  putrescible 
character. 

6014.  I  think  in  that  document  \'ou  give  something  of 
a  percentage  number  of  saan^e**  whidi  do  not  come  up  to 
the  stands^,  do  you  not  ? — Yes,  I  do. 

6015.  In  what  number  of  samples  have  your  standards 
not  justified  reduction,  and  yet  the  effluent  should  be 
rejected?— I  tbeg  your  pardon,  I  do  not  think  I  quite 
understand  that  question,  sir. 

6016.  There  are  some  cases  in  which  the  sample  would 
pass  your  standard,  and  yet  it  would  putrefy,  I  under- 
stand ? — ^Yes,  that  is  so. 
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6017.  Do  these  form  any  large  percentage  of  the 
number  ol  cases  that  you  report? — ^No,  they  come  out 

..aibout  1  in  eveiy  50. 

6018.  Al>out  2  per  cent.  ?— I  tried  to  get  it  out 
accurately,  but  my  assistant  could  not  get  it  out  nearer 
than  about  1  in  every  50. 

6010.  About  2  per  oecit.  ? — ^Yes,  about  2  per  cent. 

6020.  Haye  you  altered  your  view  as  regards  the 
Mersey  and  IrweiU  standard  at  all,  or  do  you  still  main- 
tain it  is  the  most  conyenieot  to  use  for  practical  pur- 
poses 1—1  have  not  altered  my  view,  and  I  believe  it  ia 
the  most  convenient  to  use  for  practical  purposes. 

6021.  Would  you  make  it  more  stringent? — There  is  a 
danger  in  making  it  more  stringent  from  the  practical 
point  of  view,  fi  the  authorities  realise  that  you  are 
fixing  a  hard  and  a  more  rigid  standard,  diey  will  fight 
against  it.    I  believe  in  educating  them  up  to  it. 

6022.  Then  you  think  they  md^^t? — They  xnight.  I 
would  bring  the  standard  down  to  half  a  grain  if  I  could, 
but  we  cannot  do  that  until  we  have  got  conclusive  evi- 

•dence  on  the  results  of  filtration.  For  instance,  in  1894 
we  had  not  very  much  reliaible  information  with  regard 
to  the  effect  of  filtration,  and  no  practical  results.  Now 
we  have  practical  results,  and  all  the  authorities  are  work- 
ing carefully  on  the  subject.  I  do  not  think  at  the  pre- 
sent time  you  would  fina  one  dissentient  in  the  whole  of 
the  Mersey  and  Irwell  watershed— chemist  or  praoticaJ 
man— who  would  object  to  the  one  grain  standanJU  It  is 
because  we  have  not  sufficient  evidence  of  ^e  results  of 
filtration  that  I  am  loath  to  bring  the  standard  down 
to  half  a  grain. 

6023.  The  whole  question  is  one  of  admissibility  or  not 
of  the  Mersey  and  Irwell  standaird  as  a  means  of  measur- 
ing putrescifbility  in  other  towns  ? — Tha/t  is  so. 

6024.  TVbukl  it  not  be  beltter  to  discard  the  Meonsey 
and  IrweiU  stamxlaid,  exoept  for  oonveineDoe  for  your 
own  practdoid  use,  and,  say,  on  eiffliuenit'  wtiU  be  allowed 
to  pass  that  will  not  putrefy? — As  I  have  already 
pointed  out  there  may  be  an  effluent  which  will  not 
putrefy  in  the  incubator,  because  it  is  protected  by 
nitrates. 

6025.  Quite  so,  but  will  not  putrefy  in  a  stream  or 
river  water  with  which  it  is  going  to  mix  ?— Supposing 
you  had  a  sewage  effluent  having  an  oxygen  aosorbed 
of  1*5,  and  containing  0*26  grain  nitrogen  as  nitrates. 
During  the  five  days  of  incubation  at  75  degrees  that 
effluent  does  not  putrefy.  Well,  you  must  not  pass 
that,  because  it  does  not  putrefy ;  it  is  a  polluting 
liquid ;  it  is  not  fit  to  go  into  the  river,  because  that 
effluent  is  not  onCy  caipaible  of  destiToying  in  48  hours 
the  whole  of  the  nitxates  originally  present,  but  it  is 
also  at  the  same  time  capable  uf  absorbing  the  whole  of 
the  dissolved  oxygen  in  three  times  its  volume  of  aerated 
water. 

6026.  Then  it  is  after  all  a  question  of  degree,  of 
<;ourse,  as  to  how  much  water  it  is  to  be  mixed  with? — 
"Tes,  but  if  you  have  an  effluent  which  is  capable  of 
absorbing  dissolved  oxygen  from  several  times  its 
volume  of  aerated  water,  you  must  nut  pass  that  effluent 
as  suitable  for  a  river.  That  is  why  I  say  the  in- 
cubator test  must  be  tallied  with  the  action  of  the  dis- 
appearance of  nitirateB  amd  of  dis^lved  oxygen,  and  niot 
from  the  question  of  putrescence,  whether  it  smells  or 
not. 

6027.  No,  I  do  not  think  we  are  regarding  putres- 
cenoe  in  the  saime  light.  Tou  mtean  putresoenoe,  whether 
a  thing  wiill  smell  or  not;  I  moan,  under  aia>'  oiroumar 
stances  whatever  it  will  putrefv? — If  you  mean  then 
by  putrefaction  whether  the  effluent  is  capable  of  re- 
moving from  aerated  water  the  dissolved  oxygen  and  of 
destroying  nitrates, '  then  I  agree  with  you. 

6028.  Would  it  not  be  practicable  to  make  a  test  of 
that  kind,  that  the  effluent  does  not  provide  food  for 
bacteria,  is  not  putrescible  in  fact?— Yes,  but  you 
must  define  what  you  mean  by  putrefaction,  because 
the  definition  of  putrefaction,  or  secondary  decomposi- 
tion, as  w<d  undeiiEitond  it,  and  as  we  baivo  ediUGBted  people 
to  understand  it,  is  the  production  of  an  offensive 
smelL 

6029.  T^at  is  not  the  whole  story ;  the  point  is,  will 
this  effluent  serve  for  food  for  bacteria  or  not.  If 
there  is  anythm^  whicfii  will  serve  for  food  for  bacteria, 
it  will  putrefy;  that  is  my  view? — ^If  you  define  it  in 
that  way,  you  do  not  define  putrefaction  in  the  dBime 
way  as  we  have  defined  it. 

6030.  Is  it  not  possible  to  permit  a  standard  which 
will  apply  to  that  sort  of  non-putrescibility  T— You  can 


do  that,  but  that  surely  must  be  a  definition  of  what     jiir.F. 
is  a  non-polluting  effluent  Scuddsr, 

6051.  Precisely,  but  do  you  think  that  is  too  hard  aUNoT.iwo. 

thing    to    ask    for  i— Oh    yes ;  you    must  educate  the     

pubUc  to  such  a  standard  gradually.  I  will  give  you  a 
parallel  to  that  which  is  in  my  mind.  The  Cfotton 
Cloth  Factories  Acts  1889  and  1897  deal  with  the 
ventilation  in  cotton  weaving  sheds,  and  Sir  Henry 
Boscoe's  Committee,  who  had  to  investigate  the  matter, 
fixed  a  standard  for  the  maximum  amount  of  carbonic 
acid  allowable  in  a  weaving  shed,  and  an  order  of  the 
Secretary  of  State  legalised  that  standard.  They  fixed 
a  standard  of  9  vcJumee  of  oadbooxic  acid  per  10,000 
volumes  of  air,  and  any  manufacturer  who  does  not 
ventilate  his  shed  so  as  to  keep  the  amount  of  carbonic 
acid  below  nine  is  liable  to  a  penalty.  I  have  had 
some  experience  in  prosecutions  under  this  clause,  and 
although  we  have  obtained  orders  for  the  violation  of 
the  atandard,  we  have  had  to  fight  veary  haid  to  slioiw 
that  is  was  possible  to  keep  below  nine,  and  the  magis- 
trates who  nave  tried  these  cases  in  Lancashire,  some 
of  whom  are  interested  in  these  mills,  have  said  : — ^As 
there  is  such  a  cuause  in  foixx,  we  have  no  alternative 
but  to  inflict  a  fine.  They  have  much  sympathy  with 
the  manufacturer,  but  there  is  a  rigid  rule  to  abide  by, 
and  they  inflict  only  a  nominal  fine.  In  the  same 
way,  if  you  ^  a  standard  for  sewage  effluents  of  half 
a  grain,  we  shall  go'  with  cases  to  court,  and  the  magis- 
trates will  say,  Here  is  a  rigid  rule,  we  will  impose  a 
nominal  fine.  We  want  penalties  to  be  put  on  that 
wrill  make  the  authorities  do  their  duty. 

6032.  I  am  afinud  we  are  a  iittle  at  cross  puipoees ; 
my  point  is  this,  instead  of  defining  your  standards  in 
the  ordinary  fonm  of  ithe  MeirBey  and  IrweU  standaide 
of  0*1  gcaan  of  ailbuminodd  ammonia,  and  molt  more  than 
I'O  grain  of  oxvgen  absorbed,  and  so  on,  would  it  not 
be  ibetter  to  define  a  standbzd  as  an  effluent  which  may 
be  turned  out,  which  when  submitted  to  searching  tests 
will  not  ]>utrefy  ?-~I  should  like  this  Commission  to  say 
that,  but  I  should  not  like  to  woi^  the  Meroey  and  Irwell 
work  with  that  standard.  The  authorities  would  say 
this,  "  You  are  going  rather  too  strong  in  regard  to  your 
standard.  You  are  asking  us  to  do  too  much  at  this 
stage." 

6033.  Do  you  think  it  is  an  unreachable  thing,  now 
we  know  the  circumstances? — ^I  do  not  thiink  it  unreach- 
able ;  dtt  will  be  reached  when  you  get  authorities  to 
Cisny  out  filtration  works  for  sewage  purification. 

6034.  Do  you  not  think  things  are  so  advanced — the 
erection  of  0ug^  works — that  it  Hue  ceased  to  be  unreach- 
able ? — ^No^  I  dk>  not  think  they  are  sufficiently  advanced. 

6035.  Do  vou  know  any  works  whene  such  an  effluent 
is  .produced? — Yes. 

6036.  Is  it  not  poesiible  to  cause  corporations  to  imitate 
them  ? — ^That  takee  time  ;  that  is  what  they  axe  all  doing  ; 
they  are  iim<proving  their  position. 

6037.  Li  the  ordinary  course  of  events  the  inspectors 
who  look  after  the  standards  would  na)burally  enougji  be 
lenient  for  some  stime — give  Ithem  five  or  ten  years  to  reach 
this  standard,  as  in  the  case  of  the  Alkali  Acts,  passed 
with  a  view  to  prevent  so  much  acdd  fumes  escaping  from 
chimneys  ?--In  the  case  of  the  Alkali  Acts  the  standards 
were  fixed  at  random. 

6038.  I  know  they  were,  but  the  inspectors  have  been 
lenient  and  not  overpressed  the  manufacturers? — The 
staaodaidB  ore  however  useless. 

60<39.  But  as  a  matter  of  fact  they  are  conf ormicd  to  ? — 
They  were  confonned  to  the  first  year  they  were  passed. 
ihe  Ai&ali  Act  was  passed  in  I860.  The  alkali  intereat 
took  great  care  to  have  a  standard  fixed  that  would  aOow 
5  per  cent,  of  the  acid  made  to  escape.  That  was  the 
extreme  escape  allowaible.  The  Ax^  came  into  force  in 
June,  1863.  In  1864  Dr.  Angus  Smith  reported  that 
there  were  85  alkali  works  in  l^e  country,  and  that  the 
averago  escape  of  acid  gas  over  the  whole  of  the  kingdom 
was  1*28  per  cent,  of  that  prodtioed.  The  Act  allowed 
5  per  cent.  The  demandb  of  the  Alkali  Acts  are  such 
as  not  to  protect  vegetation  and  to  stop  cases  of  arbitra- 
tion for  compensation  for  damage  to  croi>s. 

6040.  I  know  that?-— Then  in  1874  the  Act  was 
amended,  but  the  same  clause  was  kept  in,  with  this 
addition,  that  the  hydrochl^oiriic^  acid  escaping  in  Ihe 
chimney  gases  should  not  exceed  0*2  grain  per  cniibic  foot 
of  chimney  gases.  In  1892  the  average  escape  was  0*09, 
and  in  1899  it  was  0-068,  or  less  than  half  the  limit  of 
the  Act.  In  1882  the  amended  Act  fixed  a  limit  of  escape 
of  4  grains  of  acid  compounds  of  sulphur  and  nitrogen, 
oalculated  as  sullphuiric  anhydride,  per  cufbic  foot.  In  1802 
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Mr.F,     tiw  escape  .was  only  1*284.  in  1897  1'184,  and  in  1899 
.SsudOM'.    1.317,  i.e.,  less  than  one-third  the  limit  of  tiie  Act. 

UNoY.iQOO.     6041.  I  know  the  average  escape  is  below  the  limit 
"■     ^      «llowai>le? — Those   standards   have   not    touched   the 
damage  to  vegetation  or  the  damage  to  health  one  bit. 

6042.  It  hafl  not  'improved  it  ? — It  does  not  improve  it. 
IBfo,  the  fixing  of  staoidards  axe  of  no  use  in  the  Alkali 
Acts. 

6045.  {Sir  Michael  Foster.)  Because  the  standard  wae 
too  low,  it  is  BO  easy  to  meet  ?— The  standard  was  so  high 
it  ,was.^so  easy  to  keep  'below  it.  Dr.  Angus  Smith's  idea 
wtts  that  the  hydrochloric  add  limit  c£  0*2  gnsin  ougjit 
4)0  ibe  gradually  lowered  at  the  rate  of  O'Ol  grain  every 
7>eaT.  In  tlie  same  way  walbh  regiozd  to  a  ^bandord  for 
sewage  effluents,  I  should  like  to  see  the  limit  of  1  grain 
oxygen  aibsoirbed  gradually  lowered  ttx>  the  half  gpain 
■tasidaird. 

6044.  (Professor  Bamsay.)  But  is  it  quite  the  same — 
sire  the  two  oases  quite  porallehl?  l%e  moral  I  wanted 
to  draw  from  th<e  Amali  Acte  was  that  the  inspectors  did 
not  press  too  hardly  on  onanufacfturers ;  as  a  myatter  of 
fact  they  kept  on  very  good  tecsas  with  the  manufao- 
turera?-— T(hat  is  so. 

6046.  You  know  that  is  so  ?— CertamJj5% 

6046.  Supposing  we  were  to  aim  at  an  absolutely  non- 
putrescible  kquid  that  will  not  iputrefy,  but  not  to  press 
it  too  hard  at  first,  do  you  not  thiixk  it  possible  by  setting 
a  high  standard  and  increasing  the  pressure  gradually, 
in  the  couise  of  ten  yeans  that  standard  would  be 
reached? — ^Yes,  (but  I  am  looidiig  at  the  difficulties  we 
have  in  Qaw  cases.  For  instance,  supposing  we  want  to 
obtain  an  order  against  the  Hanciiester  ^Corporation,  and 
we  have  a  standard  such  as  you  have  descriibed,  expert 
witmessee  will  be  brougtit  on  the  other  side  to  flftiow  that 
it  is  not  obtainable,  and  then  wftiere  ^e  we? 

6047.  From  your  own  statement  you  say  you  know 
OBses  of  filtration  works  wihere  it  is  obtained  ?— J!  know, 
but  there  is  still  a  dfficulty.  You  simply  define  what  is 
a  non-^polluling  effluent  and  ieave  it  there.  It  is  open 
to  a  fight  in  the  law  courts  as  to  whether  it  can  be 
accomplished  or  not.  On  the  other  hand,  with  a 
standard  of  1  grain  oxygen  absorbed,  which  admits 
pollution,  the  authority  would  have  to  show  that  it  is 
not  a  polluting  liquid,  and  they  cannot  do  ih&t.  I  am 
looking  for  the  ease  we  want  in  prosecuting  an 
authority.  If  I  say  I  know  works  where  a  standard 
cf  half  a  grain  oxygen  absorbed  is  attained,  the  opposi- 
tion could  very  well  argue  that  because  that  standard  is 
attained  in  one  place  it  does  not  necessarily  follow  that 
it  can  be  attained  in  other  places.  Take  the  Polarite 
system  at  C^orley,  those  works  comply  with  such  a 
standard,  but  the  Manchester  Corporation  would  not 
listen  to  the  Polarite  system  being  applied  to  the  treat- 
ment of  the  whole  sewage  of  Manchester. 

6048.  Certainly  not.  I  quite  agree,  but  there  are 
other  cases  where  other  systems  are  used  with  the  best 
results? — Yes,  but  there  are  chemists  who  do  not  know 
iiiat 

6049.  They  would  not  know  ;  they  would  learn  it  ? 

(Mr.  KiUick.)  It  is  30  years  since  the  last  Commission 
reported,  and  the  Mersey  and  IrweU  standard  has  been 
at  work  10  yeans,  so  that  tlie  progress  has  been  very 
small  outside.  There  is  no  progress  at  all  ex(;ept  in 
special  cases  like  the  Thames.  You  cannot  go  faster 
tiian  you|  will  take  ibe  public^  mtb  you.  Speaking  as  a 
member  of  the  Mersey  and  IrweU  Joint  Committee,  I 
fully  endorse  what  Mr.  Scudder  says.  At  tbe  present 
tilme  we  have  no  sympathy  from  the  pubJlio  in  bringing 
actions  against  the  authorities  for  passdng  what  you  de- 
scribe and  what  he  describee  as  a  putrescent  effluent,  at 
the  same  time  we  ougjht  to  aim  at  attaining  such  a  standard 
eventually.  It  is  perfectly  hopeless  at  present.  You  have 
not  even  got  the  action  as  far  as  accepting  the  provisional 
standard  wbioh  we  have  adopted. 

(Professor  Eamsay.)  Yes,  I  see. 

(Witness.)  From  my  point  of  view  as  a  chemist,  I 
say  the  Mersey  and  Irwell  Joint  Committee  have  done 
good  work  ;  they  have  done  excellent  work  in  getting 
the  public,  the  sanitary  authorities,  and  the  chairmen 
:>f  all  these  sewage  boards  to  appreciate  the  importance 
of  adopting  some  system  of  filtration— of  course,  by 
filtration  I  mean  the  broad  definition,  including  bac- 
r<erial  treatment.  This  has  brougEt  about  a  great  deal 
of  enthusiasm,  and  a  large  amount  of  money  is  now 
being  expended  with  a  view  of  testing  this  question  of 
filtration.     If  the  authorities  eventually  adopt  it  per- 


manently, we  shall  have  a  fiesh  set  of  results  upon, 
which  to  frame  a  better  standard. 

6050.  My   question  was   only   wbether  it  had    not 
been   sufficiently   adopted   already) 

(Mr.  KiUick.)  Not  within  sight  of  it  from  the 
practical  point  of  view ;  I  am  sure  Colonel  Harding 
will  fully  endorse  that  as  a  member  of  the  W^st-Riding 
Board. 

{tVitness.)  By  the  use  of  this  provisional  standard 
of  1  grain,  the  Mersey  and  Irwell  Joint  Committee  can 
proceed  against  any  authority  in  the  watershed 
without  any  trouble,  ii  the  effluent  is  above  the  stand- 
ard one.  No  chemist  can  then  come  forward  and  say 
it  is  not  a  polluting  Hquid.  The  chemical  evidence 
disappears,  and  that  is  a  matter  of  great  importance  to 
a  Bivers  Board.  We  found  that  out  in  1806  'vdien  we 
commenced  an  action  against  the  Salford  Corporation. 
They  put  up  their  backs;  they  wanted  to  adopt  a 
standard  ihree  times  as  high  as  the  Boyal  Oommis- 
sionerfe'  standiards  of  1866  Kief.,  tliree  itimes  worse 
than  those  standards),  which  would  have  had  the- 
effect  of  allowing  raw  sewage  into  the  river.  That 
trial  costs  hundreds  and  thousands,  of  pounds.  They 
employed  every  chemist  they  oould  to  oppose,  b:.c 
they  lost  the  auction.  Now  it  is  admitted  by  everyons 
that  the  standard  of  1  is  a  good  and  workable  limit. 

6051.  And  you  can  be  sure  of  getting  a  conviction? 
— ^And  we  can  be  sure  of  netting  a  oooriction.  We 
have  got  a  conviction  on  0'9,  but  it  was  a  special 
case.  If  it  is  goin^  to  be  a  question  for  the  chemists 
to  fight,  then  it  will  make  matters  very  complicated, 
and  those  authorities  who  are  prosecuted  will  employ 
chemists  who  will  oppose  you.  We  have  removed  that 
opposition  by  fixing  a  provisional  standard  of  1,  so- 
that  any  opposition  cannot  stand  on  its  legs. 

6052.  (Mr.  Power.)  I  take  it,  Mr.  Scudder,  that  you 
agree  with  Professor  Ramsay  that  the  theoretical  stan- 
dard should  be  that  the  liquid  was  non-polluting.  Tou 
are  only  objecting  to  it  as  a  provisional  standard  at  the 
present  tune?— That  is  so.  I  am  glad  jrou  hare  put  it 
m  that  way.  I  would  like  a  Commission  of  this  im- 
portance to  state  that,  but  if  we  had  brought  forward 
such  a  proposition  when  we  commenced  this  work  the 
authorities  would  have  made  no  progress,  ttiey  would 
have  said :  "  You  are  asking  for  something  which  is  un- 
reasonable, and  your  demands  are  too  exacting."  We 
must  gradually  educate  them  up  to  it  from  the  in- 
cubator test  carried  out  in  a  rough-and-ready  way  up  a- 
more  exact  and  scientific  test. 

6053.  (Professor  Bamsay.)  And  you  consider  they  are 
not  quite  educated  yet?— They  are  not  quite  educated 
yet.  Manchester  will  soon  have  an  area  of  ten  or 
twenty  acres  of  filter  beds  in  operation,  and  then  will 
be  our  time  to  work  up  the  standard. 

6054.  It  is  by  no  means  at  that  standard  now  ? — ^No. 
I  should  like  them  to  get  prectical  results. 

6055.  Do  you  think  as  long  as  there  are  nitrates 
present  no  putrefaction  takes  place ;  you  must  exhaust 
the  nitrate  before  the  putrefaction  will  begin  ?— Yes,  if 
you  take  an  effluent  which  is  condemned  by  the  oxysen 
absorbed  and  the  albuminoid  ammonia,  and  if  to  that 
effluent  you  add,  say,  half  a  grain  of  nitrogen  as  nitrate 
and  nine  volumes  of  aerated  water,  you  will  find  on 
incubation  that  not  only  the  nitr(^en  of  the  nitrate 
is  destroyed,  but  you  will  find  also  tbat  the  dissolved 
oxygen  is  absorbed ;  they  both  go  togetiier. 

6056.  I  was  going  to  ask  that,  do  they  happen  contem- 
poraneously, or  one  before  the  other? — The  dissolved 
oxygen  disappears  a  little  more  rapidly  than  the- 
nitrate,  but  they  do  disappear  together.  It  is  rather 
important.  I  nave  made  a  nupaber  of  experiments 
bearing  on  that  point.  It  has  been  suggested  by  the 
largest  authority  we  have  in  the  Watershed, '  viz., 
Manchester,  that  they  might  take,  say,  a  milHon  gallons 
of  a  tank  effluent,  and  mix  it  with,  say,  five  million 
gallons  of  an  effluent  after  bacterial  treatment.  8uch^ 
a  mixture  would  comply  with  the  permanganate  test 
and  the  albuminoid  ammonia  test,  but  it  would  not 
comply  with  the  incubator  test  carried  out  as  I  have 
described. 

6057.  No,  I  see- 


6056.  (Sir  Michad  Foster.)  The  effect  of  the  bacterial. 
addition  would  be  the  nitrates  which  are  present;  it 
depends  upon  them? — ^Yes.  Take  the  case  of  a  sewage- 
effluent,  where  the  oxygen  absorbed  was  1*42,  and  the- 
albuminoid  ammonia  0'266.  That  effluent  when  mixed 
with  nine  times  its  volume  of  aerated  water  gave  an^ 
oxygen  absorbed  of  0'45.     Before  incubation  it  con- 
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tained  0*122  grain  nitrogen  as  nitrates  and  7*09  c.o. 
•disBolyed  oxygen  per  litre.    After  24  hours  incubation 
At  76deg.  Fahr.  the  nitrate  had  fallen  down  to  008, 
-and  the  dissolved  oxygen  to  18  c.c  per  litre.    After  48 
hours  all  the  nitrate  and  dissolved  oxygen  had  dis- 
appeared.    Now,  on  the  other  hand,  if  you  take  an 
-effluent  that  has  been  legitimately  produced  from  bac 
terial  treatment,  with  an  oxyg«n  absorbed  of  half  a 
grain,  it  does  not  behave  in  that  manner.  For  instance, 
an  effluent  having  an  oxygen  absorbed  of  0-46,  when 
mixed  with  nine  times  its  volnme  of  aerated  water,  con- 
tained 6-9  cc.   dissolved  oxygen  per  litre.    After  24 
hours  incubation  the  dissolved  oxygen  was  6*8,   and 
after  48  hours  5-3.    The  nitrogen  as  nitrates,  010  at 
start,  fell  to  0-08  after  48  hours.  I  have  made  a  number 
of  experiments  on  the  effect  of  dilution,  and  it  appears 

•  clear  that  if  you  take  crude  sewage  and  dilute  it  wit* 
tap  water  so  as  to  comply  with  the  chemical  iptandards, 
the  incubator  test  finding  out  the  loss  of  nitrate  and  of 

•dissolved  oxygen  is  of  great  value  in  indicating  pollu- 
tion. 

6050.  (Frofessor  Bamsay,)  Would  you  not  be  content 
with  the  incubator  test  alone,  without  the  others,  the 
incubator  test  finding  out  how  tht>  dissolved  oxygen  has 
diminished,  and  how  nitrates  have  diminished  if  they 
are  there;  would  not  that  tell  you  all  you  want  to 
know?— Leave  out  the  dilution f 

6060.  No,  I  mean  incubate  and  measure  the  amount 
of  dissolved  oxygen  before  and  after,  and  the  amount 
of  nitrates  before  and  after  incubation  ?— Very  valu' 
able  tests,  if  carried  out  as  I  have  described. 

6061.  But  does  not  that  tell  you  all  you  want  to  know  ; 
what  more  do  you  gain  from  the  permaufijanate  test? — 
Except  that  you  can  do  the  permanganate  teat  more 
easily  ;  it  is  an  easier  test  to  carry  out,  and  it  is  a 
chemical  test. 

6062.  It  gives  you  the  same  information  I— It  gives 
you  the  same  information  with  the  exception  of  cases 
where  dilution  takes  place,  but  only  a  scientific  chemist, 

•  or  one  having  laboratory  practice,  could  undertake  to  do 
this,  the  chemiat  having  to  test  effluent  from  tcme  to  time 
has  not  time  to  carry  out  these  scientific  determinations. 
I  wanted  if  possible  to  get  a  test  so  simple  that  even  the 
foremaoi  of  tiie  works  could  carry  it  out.  The  perman- 
ganate test  fulfils  Uiat  condition  except  in  cases  of  dilu- 
tion. I  am  only  putting  in  all  this  information  to  show 
that  as  a  rule  these  scientific  tests  tally  with  the  perman- 
ganate test,  and  at  would  be  a  serious  matter  if  we  had  to 
rely  upon  these  two  scientific  tests,  because  the  sanitary 
authorities  would  not  carry  them  out ;  they  would  not 
check  the  working  at  all,  but  by  the  permanganate  test 
it  would  gel  checked. 

6063.  Supposing  an  effluent,  after  being  incuJbetedl  by 
itself  for  five  days,  still  contains  nitrates,  would  you 
call  it  all  right  ?— Still  contains  nitrates  ? 

6064.  Yes  ;  do  you  think  that  five  days  is  sufficient 
for  an  effluent  to  use  up  iJl  the  nitrates? — ^Well,  it  de- 
pends upon  how  much  you  presented  to  it. 

6065.  Its  own  nitrates,  I  mean?— You  cannot  do  that, 
it  must  not  have  its  own  nitrates  ;  its  own  nitrates  dis- 
appear in  24  hours,  if  it  is  over  half  a  grain  to  the  gallon 

■  standard. 

6066.  You  find  that  is  so  always?— Yes,  if  it  is  over 
half  a  grain  to  the  gallon. 

6067.  If  what  ia  over  half  a  grain  to  the  gallon  ?— The 

•  oxygen  absorbed. 

6068.  It  will  consume  its  own  nitrates?— It  will  con- 
sume its  own  n£trates. 

6069.  {Mr,  Power.)  In  24  hours?— Yes,  in  24  hours. 

6070.  (Frofessor  Bamsay,)  Well,  I  suppose  we  may 
take  it  as  the  result  of  this  long  talk  that  in  a  few  cases, 
about  two  per  cent,  you  find  that  samples  which  pass 
your  test  do  putrefy  ?--Yes. 

607L  And  I  suppose  you  would  also  say  that  a  certain 
number  of  samples  which  do  not  pass  your  test  are  not 
putreedble  ;  would  not  under  any  circumartances  putrefy  ? 
— That  is  so. 

6072.  So  that  it  i«  only  a  test  which  takes  in  the  great 
average  of  cases,  but  is  not  invariable  to  every  one? — 
Yes,  that  is  so. 

6073.  Bo  you  know  if  you  apply  your  test  to  a  drink- 
ing water,  whether  dissolved  oxygen  will  decrease  on 
incubation  ;  has  that  been  tried  ?— Yes,  I  have  tried  also 

-experiments  like  that.  It  all  depends  upon  what  water 
you  have  to  test.  There  are  some  waters  that  will 
itemain  stationary  as  regards  dissolved  oxygen,   and 


some  that  will  decrease.    It  depends  on  the  bacterial     Mr.  v, 
contents.  Sffudd^. 

6074.  On  the  amount— the  number  of  bacteria  in  the  isNov.igoo 
\7ater?— Yes,  there  are  some  waters  that  have  a  great 
amount  of  bacteria  or  vegetable  growths  producing  offen- 
sive smells  ;  these  will  grow  w(Mse  with  incubation.     For 
instance,  peaty  waters  will  improve ;  Manchester  water 

will  improve  in  the  incubator.  Of  course  that  opens  up 
a  vexy  interesting  question  from  a  scientific  point  of 
view.  There  was  a  discussion  between  Mr.  Warington 
and  the  late  Br.  Angus  Smith,  as  to  whether  peat  did 
nitrify,  but,  as  a  matter  of  foct,  I  find  that  Manchester 
water,  which  is  a  peaty  water,  does  nitrify  in  the  incu« 
bator.  But  of  course  all  drinking  water  that  I  have 
come  across  will  not  destroy  nitrates. 

6075.  (Sir  Miekad  Foster.)  What  waa  the  drinking 
water  containing  such  a  quantity  of  bacteria  that  it  would 
putrefy  ?  \  cu  aaid  if  it  contained  a  suffioieat  number  <^ 
bacteria;  yuu  were  q>eaking  of  the  actual  samples? — ^I 
am  speaking  of  the  waters  used  in  many  parts  of  the 
countiT,  but  the  names  of  the  places  are  for  the  nuanent 
oat  of  mind ;  the  water  was  used  for  public  baths. 
After  the  water  had  been  thrown  into  the  baths,  ana 
used  for  two  or  three  days,  vegetable  growtiis  appeared^ 
and  became  troublesome — ^it  is  thie  baths  at  Oheltenhaan 
and  at  Bolton.  The  water  supply  I  suppose  is  a  good 
drinking  supply,  but  when  it  is  exposed  in  the  bath  the 
yegpetoble  sdianiee  inoreaae  so  much  th«bt  it  bedOBnes  offen- 
sive. Now  a  water  of  that  description  will  putrefy  very 
rapidly  in  the  incubator.  I  cannot  speak  of  the  particular 
organisms  that  are  liable  to  produce  these  smc^. 

6076.  (Frofessor  Ramsay.)  Have  you  had  experience  of 
the  Mersey  and  Irwell  standard  with  farms ;  do  you 
think  it  can  be  reached  with  careful  farm  treatment?— 
With  farms ;  oh,  yes.  On  farms  you  can  get  the  half 
gradn.  At  the  Stretford  sewage  farm,  for  example,  you  caa 
never  get  it  above  half  a  grain.  That  is  one  of  the  beet 
sewage  farms,  and  there  you  never  get  it  over  the  half 
grain  to  the  gallon. 

6077.  Have  you  had  a  large  experience  of  farms? — 
Yes. 

6078.  Aiid  do  you  find  it  common,  becaues  our  ex- 
perience is  mostly  the  other  way— condemned  by  your 
standard.  I  tiiink  there  is  only  one  or  two  whidli  have 
been  examined  which  would  pass  your  standard  at  all? 
— ^It  depends  on  where  you  go  to  to  get  your  samples.  If 
.Tou  take  an  area  of  land  under  proper  treatment  of 
sewage,  tiiere  it  will  comply,  but  if  you  go  down,  say  to 
osier  beds  that  have  not  been  attended  to,  and  where 
the  sewage  flows  over  the  surface,  there  you  get  bad 
effluents. 

6079.  That  OS  not  the  question.  Take  it  where  it  flows 
into  the  etream,  ilie  final  effluent  as  far  as  possible  ? — 
Take  Croydon  sewage  farm,  that  would  comply  with  the 
half-grain  standard. 

(Dr.  McGowan.)  It  does  not  do  so  at  the  present  mo- 
ment, but 

6080.  (Mr.  KUUck.)  Where  does  Mr.  Scudder  get  his 
figures  from  ? — I  have  perscmal  experience  of  it.  I  hcve 
been  all  over  the  country,  and  analysed  from  all  ihe 
sewage  fauns.  We  preeented  a  report  on  the  Omenta 
from  the  sewage  farme  in  England  to  the  Local  Govern- 
ment Board,  showing  that  land  filtration  did  give  you  a 
standard  effluent. 

6081.  If  the  soil  is  perfect,  and  the  management  good, 
it  does,  but  if  the  soil  is  not  good,  and  the  management 
not  good,  it  will  not  do  ?— On  clay  soil,  of  course,  you 
cannot  do  it ;  you  want  suitable  filtering  soil. 

6082.  (Sir  Michad  Foster.)  Hae  this  land  at  the  Croy- 
don farm  deteriorated  since  you  visited  it? 

(Dr.  McGowan,)  They  are  pressed  for  room  there,  and 
they  are  putting  down  filter  beds. 

6083.  {Sir  Michael  Foster,)  Hae  there  been  increased 

f pressure  to  deteriorate  it  dnce  Mr.  Scudder's  visit  7— 
Mr.  Scudder.)  At  Harrogate  you  get  an  effluent  almost 
equal  to  our  Manchester  water  supply. 

6084.  (Frofessor  Bamsay.)  That  is  very  different  from 
our  experience  ? — ^Allow  me  to  finish.  I  went  sex  months 
afterwards  to  the  sewage  farm,  and  I  found  that  they 
had  concentrated  the  whole  of  the  sewage  on  a  small 
area  of  land,  and  there  the  conditions  were  something 
oruel,  the  effluent  was  bad  ;  but  when  they  distributed 
and  used  an  adequate  area  for  the  volume  of  sewage,  then 
a  good  result  was  obtained. 

6065.  (Mr,  KiUick.)  The  farms  in  our  own  area — Stret- 
ford ? — ^Are  always  satisfactory.  I  have  never  had  a  bad 
sample  sent  me  from  Stretford  farm.    They  have  got  good 
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Mr.  F.      conditions  of  soil  to  filter  on  ;  there  is  a  large  area  always 
Swddir,    available,   and   a   minimum   volume   of   sewage  applied 
iSKovTiMO.  ^'"^  8^^  management. 

6066.  Are  there  any  other  farms  in  the  watershed 

tliat  are  always  good? — No.  Not  that  are  always 
good.  lliat  is  the  value  of  having  inspection,  because 
you  find  aometinKs  ihey  have  concentrated  the  sewage 
on  a  small  filtering  area.  Take  the  Wilmsiow  sewage 
farm,  which  is  perfectly  competent  to  turn  out  efiiuents 
of  less  than  half  a  grain  when  properly  attended  to,  but 
there  are  times  when  they  concentrate  the  sewage  on  too 
small  an  area  of  land,  and,  therefore,  at  these  times  bad 
results  are  obtained. 

6087.  {Mr.  Pow^r.)  It  is  a  question  of  management 
altogether? — A  question  of  management  yes.  I  had  that 
in  my  mind  when  I  gave  you  the  accounts  of  the  uzisatis- 
f  aotoiy  flBGunples,  showing  what  the  excuses  were  for  getting 
these  bad  samples.  If  you  go  to  an  old  sewage  farm  they 
say  the  unsatisfactory  effluent  is  due  to  rat-holes,  that 
the  place  is  over-run  with  rats  ;  that  is  merely  bad  man- 
agement, they  ought  never  to  allow  it  to  get  into  that 
condition  to  be  over-run  with  rat-holes,  it  is  -v  case  of 
negligence. 

6088.  {Professor  Bamsay.)  Quite  so.  Well,  the  only 
other  question  I  would  ask  you  is  as  regards  your  views 
of  a  definite  standard.  Do  you  advocate  your  present 
standard — the  continuance  of  it,  or  the  application  of  it 
to  the  whole  country  for  the  present  ? — i  es,  I  do. 

6089.  With  the  hope  of  raising  it  at  a  later  date? — 
Yes  ;  at  the  same  time  that  you  fix  standards  I  think 
it  is  very  necessary  that  you  should  describe  how  the 
tests  are  to  be  carried  out ;  for  instance,  in  the  same  way 
as  the  instructions  are  issued  for  ^as  testing.  You  have 
to  do  that  under  certain  regulations,  there  are  certain 
things  you  have  to  follow,  because  if  you  do  not  do  so 
those  teats  can  be  evaded  by  the  chemists  who  wish 
to  do  so,  and  yet  who  are  working  legitimately. 

6090.  {Mr,  KUlidc,)  I  should  like  with  reference  to 
Mr.  Scudder's  last  answer,  to  ask  a  few  questions.  Pro- 
fessor Bamisay  asked  you  if  you  would  recommend  your 
Mersey  and  Irwell  standard  for  adoption  for  the  whole 
of  the  kingdom,  but  those  standards  you  yourself,  or  Sir 
Henry  Boscoe,  described  as  provLsional  standards  ? — ^Yes. 

6091.  Well,  that  is  a  great  difference  ;  the  theoretical 
or  test  standard  would  be  one  that  Professor  Bamsay 
mentioned,  not  our  Mersey  and  Irwell  standards? — ^I 
would  not  advocate  the  rigid  application  of  those  stan- 
dards ;  they  are  treated  with  us  as  provifiionai  standards. 

6092.  {Professor  Bamsay.)  But  provisional  in  this  sense 
that  you  will  make  them  more  rigid  as  time  goes  on  ? — 
Exactly. 

6093.  As  you  gadn  experience  ? — ^Yes. 

6094.  {Mr  KUlick.)  And  you  think  we  could  ask  for, 
or  are  justified  in  asking  for  that  at  the  present  time, 
but  at  the  same  time  a  higher  standard  might  be  laid  down 
as  the  definition  which  should  be  reached  ultimately? — 
Yes,  quite. 

6095.  {Professor  Bamsay.)  Another  question,  are  ycu 
dealing  with  this  standard  with  reference  to  Manchester 
or  other  large  towns,  or  do  you  thdnk  that  a  more  rigid 
standard  could  be  applied  to  country  places  ? — I  think  a 
more  rigid  standard  could  be  appUed  to  small  places, 
— ^I  think,  Urban  District  Councils.  I  have  been  speak- 
ing, having  in  view  large  towns. 

6096.  It  was  a  most  difficult  problem  ? — Quite  so. 

6097.  {Mr.  KUlick.)  Then  comes  this  practical  point, 
if  you  have  difierent  standards  for  different  authorities, 
you  increase  the  difficulties  of  enforcing  any  standard 
dventually.  They  can  understand  equal  justice  for  aU  ; 
they  cannot  understand  different  standards  being  used 
in  a  different  set  of  cases? — ^There  is  another  point  I 
should  like  to  bring  forward,  why  I  should  like  the 
standard  of  oxygen  absorbed  to  remain  at  1.  A  sanitary 
authority  is  called  upon  to  deal  with  a  definite  volume  of 
sewage  and  of  storm  water  sewage.  The  resulting 
effiuent  complies  with  the  standard,  but  storm  water 
•rwage  is  at  times  pa^t^ed  direct  into  the  stream,  causing 
pollution,  and  we  have  to  consider  what  the  storm,  over- 
flows cany  and  the  effect  produced  from  tham,  especialily 
in  view  of  these  analyses,  which  show  that  dilution  is  not 
purification.  You  must  bear  in  mind  that  during 
storm  you  send  in  a  very  large  volume  of  effluent  into 
the  river,  and  if  you  calculate  the  amount  of  polluting 
matter  it  is  a  very  large  amoimt ;  in  view  of  that  I  do 
not  think  it  would  be  wise  to  adopt  a  too  stringent 
standard.  That  is  one  of  the  reasons,  and  one  of  the 
strong  reasons  I  have  against  adopting  this  definition 
straight  away. 


6098.  {Mr,  Pow.r.)  Have  you  made  any  examinatcon 
of  any  storm  water  overflows  on  your  plan  i — ^1  have  made 
examination  of  a  few,  to  a>certa:n  that  dilution  is  not 
purification.  Although  you  may  have  a  storm  sewage 
showing  '4  oxygen  absorbed,  yet  that  effluent  is  ci^bie 
of  eatdng  up  the  dissolved  oxygen  of  nine  volumes  of 
river  water,  and  by  keeping  the  limit  at  one,  there  is  nu 
saying  what  you  may  be  able  to  do  eventually.  This  is 
the  way  I  am  looking  at  it  just  now  ;  it  may  turn  out 
that  instead  of  having  to  lower  your  standard  of  1  you. 
may  have  to  induce  the  authorities  to  take  in  more 
storm  sewage  for  treatment,  but  it  would  be  rather  hard 
on  the  authority  if  you  fixed  this  rigid  scientific  standard 
of  half -grain  oxygen  absorbed  or  this  definition  of  a  non- 
])olluting  effluent.  If  you  were  to  make  that  rigid  now, 
1  question  whether  you  could  call  upon  authorities  to 
treat  larger  volumes  of  storm  sewage. 

6099.  {Professor  Ramsay.)  It  appeals  to  me  from  what 
you  say  that  it  is  quite  likely  that  authorities  will  dodge 
your  standard  by  diluting  their  sewage? — ^They  cannot 
dilute  it ;  thev  have  no  water  to  do  it  with. 

6100.  I  am  thinking  of  the  countiy  districts? — They 
are  worse  off  than  the  towns  for  dilution ;  how  ct%r 
they  dilute  it? 

6101.  By  turning  it  into  a  brook — mixing  it  with  ■» 
brook? — That  does  not  matter;  the  effluent  should  bw 
analysed  before  it  enters  the  brook.  Have  nothing  to 
do  with'  the  volume  of  water  it  discharges  into.  Deal 
only  with  the  effluent  as  discharged. 

6102.  {Colonel  Harding.)  1  was  not  able  quite  to  fol- 
low all  the  discussion — the  expert  discussion  with  Prf#- 
fessor  Bamsay;  what  is  your  definition — ^would  you 
mind  repeating  it  for  me — ^your  definition  of  a  non-pol- 
luting effluent ;  I  understood  you  to  say  that  it  was  an 
effluent  which  did  not  absorb  more  than  half  a  grain  of 
oxygen  from  permanganate  m  four  hours,  and  did  not 
absorb  more  than  two  grains  of  dissolved  oxygen  from  a 
mixture  of  one  of  effluent  to  nine  of  tap  wtter.  Was  I 
right  ?— Quite  right. 

6103.  Was  there  any  other  item?— An  effluent  that 
does  not  appreciably  destroy  nitrogen  in  the  form  of 
nitrates  wmn  added  to  the  effluent,  when  acting  for  forty- 
eight  :hours  at  76  degrees. 

6104.  Those  are  the  three  points  ? — ^Yes. 

6105.  Then  tiiat  tiiird  point,  and,  possibly,  the  second 
are  somewhat  dif&oult  of  experiment  for  persoos  in  charge- 
of  sewage  works  who  are  not  quite  scientific  ?— Yes.     You. 
would  have  to  have  a  trained  chemist  to  caxry  out  such.- 
testa 

6106.  Then  you  have  a  pretty  general  confidence  in  the 
effluent  which  did  not  absorb  more  than  hcdf  a  srain  ? — 
Yes,  ^ 

6107.  If  it  were  possible  to  ascertain  in  any  simple  way 
the  amount  of  dissolved  oxygen  not  in  such  a  mixture  as 
you  have  indicated,  but  in  the  effluent  itself,  and  if  that 
dissolved  oxygen  approached,  say,  5  c.c,  would  not  that 
take  the  place  of  t3ie  more  complex  tests  that  you  were 
proposing  before  ? — No ;  because  you  might  have  it  there,, 
but  you  must  take  the  rate  at  which  it  disappears. 

6107*.  {Colonel  Harding,)  Let  me  put  it  in  this  way  : 
supposing  you  have  an  effluent  which  did  not  absorb 
more  than  half  a  grain  of  oxygen  from  permanganate  in 
four  hours,  which  showed  dissolved  oxygen  before  incuba- 
tion, say,  5  c.c,  and  which  after  incubation  had  not 
materially  reduced  that,  you  would  consider  tho^  con- 
ditions thoroughly  satisfactory  ? — Yes. 

6106.  Then  if  there  was  an  easy  means  of  testing  dis- 
solved oxygen  in  an  effluent  undiluted  with  tap  water 
before  and  after  incubation,  you  think  that  would  be  a 
valuable  test  if  such  a  test  could  be  shown  ? — ^Yes ;  I  want 
to  have  a  purelv  chemical  test,  and  I  insist  upon  a  purely 
chemical  test  along  with  the  bacterial  test,  because  if  you 
only  rely  upon  the  bacterial  test  or  up<Hi  the  power  of  the 
effluent  to  remove  dissolved  oxygen  you  'have  only  to  pul 
one  i)ait  of  mercuric  chloride  to  one  hundred  thousand 
parts  of  the  effluent  to  stop  the  whole  of  the  bacterial 
action. 

6109.  Mr.  Scudder,  the  point  I  want  to  get  at  is  this : 
would  the  estimation  of  the  dissolved  oxygen  in  the 
effluent  unmixed  with  tap  water  before  and  after  incuba- 
tion, serve  the  same  purpose  as  the  test  mixed  with  tap 
water  ?— No,  you  could  not  get  an  effluent  which  would 
carry  in  its  own  volume  sufficient  oxygen. 

6110.  Do  you  mean  that  there  would  be  no  effluent 
which,  oontaining  5  c.c.  of  dissolved  oxygen  before  incu- 
bation, would  not  wholly  lose  if  after  incubation? — -It 
would  lose  it  all  in  twenty-fuur  hours. 
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6111.  Have  you  tested  that  yourself? — ^Ye»,  sir;  I 
hare  a  host  of  experiments  here  i^honring  the  very  best 
effluents  ;  oxygen  absorbed  '34  absorbs  15  cubic  centi- 
metres  of  oxygen,  Tiz.,  the  dissolved  oxygen  contained  in 
its  own  volume  together  with  one  volume  of  aerated 
water. 

6112.  Then  you  find  in  practice  that  whatever  dissolved 
oxygen  is  in  an  effluent  is  after  incubation  invaiiably  lost, 
so  &it  you  add  oxiygen  by  adding  tap  water ;  tiiat  is  ytmir 
object?— Exactly. 

6113.  Then  that  definition  you  have  given  us  of  a  non- 
polluting  effluent  is  a  sort  ol  standard  of  perfection  to- 
wards which  we  might  aim  as  an  ultimate  thing  ? — ^Yes ; 
you  see  there  is  no  limit  to  the  perfection  to  which  you 
can  purify  sewage. 

6114.  It  is  not,  of  course,  drinking  water? — ^It  is  far 
from  being  drinking  water. 

6115.  An  effluent  which  reached  your  standard  is  an 
effluent  whioh,  flowing  by  itseif  through  the  oounitry  to  a 
ertream,  would  be  imobjeotionaiblie? — Quite  so. 

6116.  Now  the  provisional  standard  that  you  were  pro- 
posing of  one  gorain  oxygea  absorbed  from  permanganate  in 
four  hours,  you  did  not  accompany  with  the  other  test  of 
oxygen  absorbed  from  a  mixture  of  one  to  nine  tap  wats" 
in  forty-eight  hours,  did  you?— Yes,  I  have  given  those 
results. 

6117.  But  your  present  Mersey  and  Irwell  standard  is 
one  grain  oxygen  absorbed  in  four  hours? — ^Yes. 

6118.  Do  you  propose  to  add  to  that  standard  snr  stan- 
dard connected  with  the  absorption  of  oxygen  from  a 
mixture  of  one  to  nine  tap  water  in  forty-eight  hours? — 
No. 

6110.  You  do  not  propose  to  do  that? — ^I  do  not  pro- 
pose to  do  that ;  I  allow  my  opponents  to  do  that  if  they 
like,  only  they  will  find  out  that  the  dissolved  oxysen  and 
nitrates  disappear  with  effluents  that  infringe  tne  one 
grain  standard. 

6120.  You  are  quite  satisfied  with  a  simple  standard  of 
one  grain  of  permanganate  in  four  hours? — Yes,  but  if 
I  was  going  into  Ooiut  wiftih  one  graini,  I  wouSdl  be  pre- 
pared to  show  that  the  ^uent  was  capable  of  absorbing 
the  dissolved  oxygen  of  aerated  water  and  the  nitrogen 
as  nitrates  in  forty-eight  hours ;  I  €/hould  rest  upon  that. 

612L  You  siK>ke  of  having  made  some  analyses  from 
the  Whittaker  and  Bryant  filters  ?— Yes. 

6122.  And  you  told  us,  what  we  already  know,  that  that 
effluent  contains  a  good  deal  of  solid  matter  in  suspension, 
and  that,  exclusive  of  such  solid  matter,  it  is  above  the 
Mersey  and  IrweU  standard  ?— Yes. 

6123.  I  understood  you  to  say  that  after  settling 
tfoch  matter  it  was  within  the  standard  ?— Yes. 


6124.  Do  you  remember  how  much  within,  from  ihe     Mr,  F. 
samples  you  took? — ^Yes.     In  tdie  original  sample  the     SeuOder. 
albuminoid  ammonia  was  0*144,  and.  '068  in  the  settled  isNov.iooo. 

effluent,  that  is  a  little  more  than  half  the  limit  of  our      

atandaid,  our  standard  being  'L 

6125.  You  would  consider  that  good? — Oh,  certainly 
good. 

6126.  And  if  at  Accrington  they  had  settling  tanks  or 
filters  to  remove  those  suspended  solids,  the  results  seem 
to  you  to  be  likely  to  be  satisfactory? — ^Thev  comply  with 
all  the  standards  which  we  have  discussed  to-day.  For 
instance,  that  effluent  is  an  effluent  which  is  capable  of 
maintainiuff  nitrates  in  solution;  it  does  not  lose  the 
nitrates,  ft  is  inoofpaibile  afao  of  aibeoiibing  dissoilived 
oxygen  from  aerated  water. 

6127.  And  it  possibly  itself  contains  a  good  deal  of 
dissolved  oxygen  \ — ^It  would  contain  not  more  than  seven 
cubic  centimetres  to  the  litre. 

6128.  It  might,  but  it  does,  as  a  fact,  contain  probably 
four  or  five  cc.'s? — ^It  will  c<mtain  that. 

6120.  The  presence  of  that  amount  of  dissolved  oxygen 
is,  of  course,  a  good  feature? — Oh,  a  good  feature  of  it 
certainly,  and  the  presence  of  that  amount  of  nitrates 
which  is  produced  naturally  there  is  also  a  good  feature. 

6130.  Have  you  noticed  wliether  the  effluents  from     • 
contact  beds  contain  as  much  dissolved  oxygen? — ^No, 
they  do  not ;  they  are  free  from  oxygen  most  of  them. 

6131.  From  some  of  these  effluents  probably  reaching 
your  standard  in  regard  to  absorption  of  oxygen  from  per- 
manganate in  four  hours,  yet  not  containing  any  dissolved 
oxygen  at  all  ? — ^Exactly,  and  containing  no  nitrates.  The 
difficulty  with  a  contact  bed  is  to  get  nitrates  formed, 
because  you  can  only  form  nitrates  during  the  period  of 
rest,  and  that  is  why  the  Whittaker  and  Bryant  fixer  from 
a  scientific  point  of  view  is  superior  to  a  contact  bed,  that 
you  bring  about  more  rapid  oxidation;  in  the  contact 
bed  you  have  to  rely  simply  on  the  stored  oxidised  matter 
in  the  filter,  but  in  the  Whittaker  and  Bryant  a  more 
continuous  oxidation  is  carried  on. 

6132.  I  want  to  press  this  point,  Mr.  Scudder ;  we  are 
very  anxious  as  a  Commission  to  find  if  it  is  possible  to 
get  some  simple  test  which  the  un'leamed  in  small  sewage 
works  could  carry  out? — ^Yes. 

6133.  And  iibis  peinnaiqgonate  test^  wihaoh  you  pnopoee, 
you  think  is  such  a  test  as  could  be  cjimea  out? — ^I  hare 
tau^t  about  a  dozen  working  men  to  use  it,  and  they 
use  it  regularly ;   they  are  n^  chemists. 

6134.  If  there  was  a  simple  means  of  estimating  the 
dissolved  oxygen  in  the  effluent  itself,  you  do  not  think 
that  that  would  have  much  value  ?^— No.  because  it  m 
necessary  to  determine  it  scientifically  if  dt  is  to  ^be  of 
value. 
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present: 


Sir  Michael  Foster  m.p.,  f.r.8. 
Major-Gen.  Constantine  Phipps  Carey. 
Colonel  Thomas  Walter  Harding. 


The  Earl  of  Iddesleigh  {Chairman)  presiding. 


Mr.  Thoicas  Wiluam  Kiluck 
Mr.  William  H^ry  Power,  f.r.cu 

Mr.  F.  J.  WiLUB,  Secretary, 


Dr.  Hector  MaoLban  Wiuov,  M.D.,  B.So.,  recalled ;  and  farther  Examined. 


61S6.  (Chairman.)  You  are  Chief  Inspector,  I  think, 
of  the  West  Biding  of  Yorkshire  Bivers  Board,  and 
you  have  got  under  your  supervision  about  240  sewage 
works  and   farms? — ^Yes,    my  Lord. 

6136.  Well  now,  will  vou  give  us  your  opinion  as 
to  whether  land  of  all  kinds,  when  used  alone  and 
without  the  artificial  addition  of  chalk,  cinders,  or 
other  material  will  purify  domestic  sewiigeT— I  think 
that  some  kinds  of  land  are  quite  unsuited  for  purifying 
sewage.  If  you  have  a  sufficient  area,  any  kind,  I  be- 
lieve, of  soil  will  purify  sewage ;  but  the  area  required 

1213. 
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of  cerfcsin  clay  lands  is  so  enormaufl  that  it  is 
ixraoticable  to  purify  sew^age  upon  such  land. 

6137.  But  on  a  hard  clay  land,  would  not  the  sewage 
run  over  it  altogether?    Would  a  very  haxd  cday  purify  uKov.igoo. 
it  «t  all  7— Scarcely  at  all. 

6138.  Scarcely  at  all? — ^I  should  like,  my  Lord,  to 
point  to  this  sample  of  soil  which  has  been  furnished 
me  by  the  Surveyor  to  the  Morley  Corporation.  It  is 
taken  from  the  site  of  their  sewage  farm.  A  large 
^cheme  has  been  sanctioned  by  the  Local  Government 
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Dr,  H.     Board,  and  is  now  being  carried  out,  but  the  soil  is 

J^^     so  wholly  unsuited  for  purifying  sewage  that  the  Cop- 

m.d.Tk^.    poration  now  intend  to  approach  the  Local  Govem- 

-^       ment  Board  to  ask  their  sanction  to  putting  in  arti- 

i4yoY.i800.  ficial  filters  instead  of  the  land  treatment  which  has 

been  sanctioned. 

6139.  And  are  they  going  to  ask  the  Local  Goyern- 
ment  Board  to  sanction  artificial  treatment  without 
any  land  treatment  whatever ?—Well,  no,  my  Lord; 
they  have  the  area  of  land  required  by  the  Local 
Government  Board,  but  I  fancy  it  is  only  to  satisfy 
the  Local  Government  Board  that  they  have  that  area. 
I  believe  that  it  would  be  quite  impossible  to  purify 
the  sewage  of  Morley  even  after  efSicient  chemical  pre- 
cipitation, which  they  proposed,  on  the  land ;  the  area, 
in  view  of  the  na/bure  of  the  soil,  is  aJtoge^eor  inade- 
quate. I  would  like,  my  Lord,  to  point  out  to  the 
members  of  the  Commission  the  nature  of  this  soil. 
This  is  a  section  taken  through  the  soil  of  the  site  of 
the  farm,  and  I  saw  several  trial  holes  opened.  The 
soil  all  over  the  farm  is  of  the  same  nature,  and  it  is 
a  very  common  kind  of  soil  in  the  West  Biding,  lliis 
is  the  surface  of  the  ground,  and  you  see  from  the  colour 
here  there  is  probably  about  three,  four,  up  to  six 
inches  of  soil ;  the  rest  is  wholly  impervious  to  water, 
and,  as  I  have  frequently  seen,  if  water  is  put  on  soil 
like  this,  it  will  lie  practically  until  it  evaporates. 

6140.  (Major-Geruerdh  Carey.^  Of  course,  that  soil 
can  be  improved,  as  was  suggested,  I  think,  in  one  of 
your  answers,  by  mixing;  either  digging  it  out,  bum. 
ing  it,  and  repilacing  it,  or  mixing  it  with  oindere? — 
Yes,  that  is  so ;  but  as  it  is,  it  is  wholily  unsuited  for 
sewage   puiificatioiQ. 

6141.  (Mr.  Power.)  Whiat  was  the  area  of  land  of 
that  desdiption  availaible  there  for  surface  irrigation ; 
it  was  enormous,  was  it  not  ?— Abut  36  acres.  I  think, 
for  a  flow  of  5,000,000  gallons  per  day.  I  sinould  noc 
like  to  be  posiitive  about  those  figures ;  I  have  not  the 
exact  figures. 

6142.  Have  you  had  any  experience  in  the  West 
Bidding  of  land  made  suiitable,  ev^en  when  it  was 
unsuditaible ?  Bo  you  know  anything  as  to  its  cost? 
— ^Tes,  sir,  I  have  particulars  in  one  instance.  In  the 
case  of  Ossett  the  cost  was  £140  an  acre,  and  what  was 
done  in  that  case  was  to  remove  18in.  of  soil  from  the 
surface  of  the  land  and  to  take  out  the  next  18in.,  burn 
it,  and  replace  it  mixed  up  with  the  upper  18in. 

6143.  (CdoTiel  Harding,)  That  was'  3ft.,  then,  Dr, 
Wilson  ?-— That  was  3ft.  tiiat  was  removed. 

6144.  Was  not  that  a  serious  cost? — ^It  was  £140  an 
acre  in  that  case. 

{Mr,  KiUiek,)  Labour  must  be  very  cheap  there. 

6145.  {Mr.  Power,)  That  £140  includes  the  burning 
and  replacing  ?—^ Yes  ;  that  was  the  contract.  The  en- 
gineer himself  said  it  was  very  low,  and  his  estimate 
was  £180  per  acre. 

6146.  ^Major-General  Careyc)  What  was  the  pre- 
vious treatment  before  puttuig  it  on  the  land  ?— Oheoii- 
cal  precipitation  only,  no  artificial  filtration. 

614{r.  {Cohnel  Mardin^.)  It  would  be  interesting 
for  you  to  give  us  the  result  of  this  improvement  of 
the  land  that  was  made  at  Ossett  ? — I  am  sorry  to  say 
the  result  has  been  very  bad,  and  apparently  the  land 
in  that  case  is  relapsing  into  its  original  condition. 

6148.  Consolidating  ? — Consolidating  again.  But  the 
circumstances  are  very  peculiar  there,  because  the 
sewage  is  highly  acid  sewage,  sir.  In  the  Ossett  dis- 
trict there  is  a  great  deal  of  carbonising  and  dyeing ; 
very  much  of  the  acid  effluent  is  discharged  into  the 
sewers,  and  the  sewage  itself  is  almost  always  strongly 
acid  in  reaction,  and  no  doubt  the  acid,  which  is  chiefly 
sulphuric  acid,  would  act  upon  the  clay  and  tend  to 
bring  it  back  to  its  original  condition. 

6149.  And  act  also  on  the  bacterial  life  by  which  the 
dianges  are  brought  about  in  the  soil? — ^Exactly;  the 
result  h  that  the  effect  of  the  land  treatment  upon  the 
tank  effluent  is  very  slight,  indeed  chiefly  in  the  way  of 
removing  suspended  matters.  There  are  other  instances, 
sir,  penaing.  For  instance,  in  the  case  of  Horsforth, 
I  know  that  the  Local  Government  Board  have  asked 
the  District  Council  to  doal  similarly  with  the  upper 
3ft.  of  their  area  of  land,  and  in  the  case  of  Ossett, 
another  outfall.  The  previous  outfall_  is  called  the 
Spa  outfall.  Their  otner  outlet  at  fiealey  is  to  be 
extended,  and  the  soil  is  to  be  dealt  with  in  something 
of  the  same  way. 

6150.  {Mr.  Power,)  Your  experience  is  that  the  land 


quickly  reverts  to  the  state  of  the  land  in  its  original 
CQudition? — I  am  only  speaking  of  the  experience  of 
this  one  place,  where  the  sewage  is  peculiar. 

6151.  {Chairman.)  Is  that  the  only  case  in  which 
you  have  had  experience? — Of  that,  my  Lord. 

6152.  I  mean,  is  it  the  only  case  where  the  land  has 
been  broken  up  and  made  into  a  sort  of  artificial  filter 
bed  that  you  know  of  ? — ^Where  it  has  been  removed  and 
burned. 

6153.  You  may  call  that  a  sort  of  turning  the  land 
into  an  artificial  filter?— {It  fhas  been  done  on  a 
small  scale  in  several  other  farms ;  for  instance,  at 
Featherstone,  where  the  soil  is  of  the  same  nature  as 
this,  it  was  done  in  the  large  beds,  which  were  prac- 
tically formed  into  bacteria  beds. 

6154.  Well,  and  did  they  succeed  ?— They  produced 
a  very  good  effluent,  and  they  did  not  seem  to  revert 
to  the  original  state.  The  burned  ballast  still  appa- 
renily  remainSw 

6155.  And  they  are  in  work  still  ? — ^They  are  at  work 
stUl. 

6156.  And  how  long  have  they  been  going  on? — 
They  must  have  been  going  on  now  for  two  years. 

6157.  {Mr.  Pcwer.)  And  the  particular  land  that  did 
revert ;  what  lapse  of  time  was  there  between  its  burn- 
ing and  its  beoomimg  to  be  deoidedly  unsatisfactory 
again? — GDt  began  to  revert  to  its  original  condition,  I 
should  say  appo^ndmately  about  two  years  from  the 
time  it  w»a  dealt  with. 

6158.  {Mr.  KiUick.)  No  cinders  or  refuse  wore  added 
te  the  burned  ballast  ? — ^Kot  in  that  case. 

6159.  {MajorMtneral  Carey.)  Of  course,  it  does 
materially  affect  the  question  whether  the  ballast  is 
well  burned  ?— Oh,  it  must  make  all  the  difference. 

6160.  In  the  one  case  you  get  a  very  hard  filter 
material  and  in  the  other  case  a  filter  material  which  is 
ready  to  revert  to  its  original  condition? — ^In  the  one 
case  it  would  approximate  to  the  form  of  broken  bricks. 

6161.  {Mr,  Pofwer.)  I  should  like  to  ask,  in  this  con- 
nection, Dr.  Wilson's  experience  of  peat.  You  have 
some  peat  land,  not  wholly  peat  moorland,  but  peaty 
areas  rather.  What  is  your  opinion  as  to  whether  such 
land  can  be  dealt  with  satifi^f actorily  ? — ^I  am  afraid,  sir, 
I  cannot  give  you  any  experience  in  that  direction.  We 
have  some  farms  upon  which  small  areas  are  peaty. 

6162.  Part  of  the  area  is  peaty,  and  is  that  avoided 
for  sewage  disposal  purposes  ? — No ;  it  is  used  along 
with  the  rest  of  the  farm,  but  they  are  only  very  small 
areas.  There  is  no  distinctly  peaty  farm  that  I  can 
remember  in  the  West  Biding. 

6163.  Is  that  for  broad  irrigation? — For  broad  irri- 
gation. 

6164.  And  is  the  tendency  to  a  clogging  on  the  sur- 
face more  conspicuous  there,  do  you  think  decidedly, 
than  at  other  parts  of  the  farm  ?---I  think  not,  sir ;  it 
seems  to  act  just  as  the  rest  of  the  land  does. 

6165.  It  is  greatly  less  pervious,  I  suppose? — ^Yes; 
it  will  be  less  pervious,  but  I  have  not  sufficient 
information  to  speak  as  to  that.  There  are  only  very 
small  areas  at  certain  farms  that  are  peaty. 

6166.  {Chairman,.)  Then  speaking  generally,  you 
could  only  say  that  land  was  suitable  for  purifying  do- 
mestic sewage  if  it  were  land  of  a  suitable  character  ? 
— ^Yes,  entirely. 

6167.  Have  you  formed  any  opinion  as  to  this :  Do 
you  think  that  it  depends  entirely  on  the  amount  of 
filtration,  or  do  you  tnink  there  is  a  difference  between 

'  different  kinds  of  soil ;  that  is  to  say,  supposing  you 
get  a  fine  sand  and  a  fine  gravel,  so  that  the  amount  of 
filtration  was  equal,  do  you  think  the  difference  be- 
tween sand  or  gravel  or  any  other  kinds  of  filter 
would  make  any  difference,  or  is  it  merely  dependent 
on  the  amount  of  filtration  ? — ^I  think,  my  Lord,  it  de- 
pends entirely  upon  the  X)oro8ity  of  ^&  soil.  The 
nature  of  the  soil  makes  very  little  difference  indeed, 
or  none. 

6168.  It  is  just  the  amount  of  filtration  that  it  re- 
ceives?— ^Yes. 

6169.  It  does  not  signify  much  what  it  is  filtered 
through,  but  it  is  the  amount  of  the  actual  filtration  ? — 
Yes ;  the  nature  of  the  soil  has  in  my  opinion  very 
little  to  do  with  it. 

6170.  {Coiiyiid  Harding,)  Except  mechanically  1^—B»> 
chanically  only. 
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6171.  {Major-Oeneral  Carey.)  then  I  suppose  in 
gravelly  soil,  whioh  is  the  seoond  claas  Tdiioh.  is  unsuiit- 
able  ae  being  too  porous,  the  i^ult  is  to  a  great  extent 
mechanioal ;  there  is  no  time  for  bacterial  action  to  take 
place? — ^That  depends  very  nmch  upon  the  .drainage. 
If  the  drainage  is  very  rapid  tBe  filtration  will  be 
mechanical,  but  if  there  is  no  underdraining  then  you 
get  a  slower  action  and  bacterial  effect. 

6172.  What  relation  has  subsoil  water  to  the  vurfaoe 
which  seriously  interferes  with  efficiency  of  the  land 
for  dealing  with  the  sewage?  I  suppose  you  have 
samples  in  some  parts  where  fEe  sul^il  water  is 
within  a  foot  or  less  of  the  surface;  has  such  land 
been  used  for  sewage  disposal? — I  am  afraid  I  have  no 
experience  that  would  gudde  you  in  tihat,  sir,  because 
in  such  cases  the  subsoil  has  always  been  undeidrained. 
I  do  not  remember  of  any  fairms  upon  wihdch  the  subsoil 
water  approaohes  so  near  tihe  surface. 

6173.  Which  is  not  underdrained  ? — ^Which  is  not 
underdrained. 

6174.  What  amount  of  subsoil  from  the'  surface  would 
in  your  opinion  demand  underdrainage  for  that  reason 
alone? — ^I  think  you  should  have  at  least  an  effective 
depth  of  3ft.  for  the  purification  of  the  sewage — 
a  minimum  ox  3ft. 

6175.  (Chairman.)  When  you  say  tKat  the  effluent  is 
well  filtered,  what  do  you  exactlr  mean ;  do  you  speak 
of  effluents  that  you  have  analysed?— In  connection 
with  which,  my  Lord? 

6176.  Take  a  case  ;  we  will  afisume  a  case  where  you 
say  the  land  has  filtered  the  sewage  well  ;  well,  the 
effluent  is  good.  When  you  otXi  it  "good,"  does  that 
mean  that  you  have  analysed  it7-Oh,  yes;  I  should 
not  call  an  effluent  good  unless  ft  had  been  analysed 
and  the  result  found  good. 

6177.  Analysed  chemically  and  baoteiiologioally,  or 
only  chemically?— Only  chemically. 

6178.  You  would  not  be  able  to  tell  us  of  your  own 
knowledge  anything  of  the  bacteriological  contents  ? — 
No,  not  of  my  own  knowledge.  I  have  not  begun  to 
carry  out  any  bacteriological  examinaibiou  of  effluents. 

6179.  Would  you  mind  giving  me  your  definition  of 
broad  irrigation? — ^I  was  rather,  sir,  going  to  ask  the 
Commission  what  broad  irrigation  meant.^  There  seems 
to  be  no  definite  line  of  demarcation  between  broad 
irrigation  and  intermittent  filtration. 

6160.  {Major-General  Carey.)  (But  is  nob  isxterrndttent 
filtratijon  an  intermediate  step  between  broad  irri- 
gation and  artificial  filtration,  that  is  to  eay,  between 
the  disposal  of  sewage  on  a  large  area  and  an  arti- 
ficial filter  where  the  maximum  of  sewage  is  concen- 
tnaited^— I  think  there  are,  sir,  certain  cases 
that  you  oouild  show  were  definitely  oases  of 
intermittent  filtration,  for  instance,  where  the 
land  is  laid  out  in  plots  with  banks  all  round, 
and  i^  sewage  is  run  upon  thoee  plcite,  and 
after  a  charge  has  been  put  upon  the  plot  the  sewage 
is  allowed  to  stand  until  it  filters  away  ;  that  is  defi- 
nitely intermittent  filtration. 

6181.  That  is  ae  proposed  originally  by  Mr.  Bailey 
Denton  ? — That  is  so.  On  the  other  hand,  you  have 
some  instances  which  are  certainly  broad  irrigation, 
where,  as  at  Harrogate  the  Oommissiooi  saw,  the  sewage 
is  allowed  to  run  over  the  surface  of  the  land  and 
gradually  lose  itself  by  percolation  and  evafporation. 
That  is  broad  irrigation,  but^ere  are  all  sorts  of  in- 
termediate kinds  off  treatment  between  those  two. 

6182.  But  at  Harrogate  they  would  never  call  it 
intermediate  downward  filtration  1 — ^No  ;  you  have  the 
extremes  no  doubt,  but  there  are  a  great  many  inter- 
mediate methods  which  might  be  put  down  to  one 
or  might  be  put  down  to  the  other.  For  instance,  in 
many  xarms  the  plots  are  cultivated  by  means  of 
trenches,  and  the  sewage  is  run  into  the 
trenches  between  plots,  say  of  a  yard  wide  or  4ft. 
wide,  and  there  it  is  treated  practically  by  intermittent 
downward  filtration,  and  does  not  reach  the  surface  of 
the  plots. 

6183.  But  even  in  a  broad  irrigation  area  there  is  an 
intermittency,  because  the  sewage  is  not  continually 
irrigated  on  the  same  area? — ^That  is  so. 

6184.  Because  it  is  shifted  from  one  area  to  another, 
and  it  is  doubtful  whether  that  would  be  a  fair  sample 
of  intermittent  downward  filtration.  Unless  the  land 
is  specially  laid  out  for  downward  filtration  it  would 
oome  under  the  head  of  broad  irrigation,  I  thonk.  And 
then  there  JM   another  point,   the  volume  d  sewage 
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which  is  put  upon  the  area? — I  have  found  it  exceed-     Dr.B, 
ingly  difficult  to  divide  the  sewage  farms  into  the  one      ^f^- 
method  of  disposal  or  the  other.  ii.d*b!sc. 

6185.  (Mr,    KiUick,)  Would  you  describe   as  broad  hnoTimo 
irrigation    land    treatment   on    land   which    is   under-      — — 
drained?— I  do  not  think  that  enters  into  it,  sir,  be- 
cause whether  the  land  is  underdrained  or  not,  you 

might  have   intermittent  downward  filtration   if  there 
was   a   free   naturad   subsodil   drainage. 

6186.  (Major-General  Carey,)  But  there  is  a  great 
diffeieace  between  the  volume  of  sewage  which  maj 
be  put  upon  an  area  ladd  out  on  the  principle  of  broad 
irrigation,  and  an  area  laid  out  for  intermittealt  down- 
ward filtration  theoretically  ?—Oli,  yes,  a  great  deal 
more  can  be  put  upon  a  plot  laid  out  for  intermittent 
downward  filtration. 

6187.  Properly  drained,  than  could  be  put  on  a 
broad  irrigation  ares? — ^That  is  so,  sir,  and  on  many 
farms — ^for  instance,  in  the  case  of  Keighley,  which  is 
laid  out  for  broad  irrigation  for  crop  growing  and  for 
the  sewage  to  be  distributed  <?raduAJly  by  irrigiatLon  over 
the  plots — ^they  have  a  larger  amount  of  sewage  than 
the  farm  can  very  well  deal  with  on  that  system,  and 
their  practice  is  to  set  aside  certain  plots  and  use 
them  for  intermittent  downward  filtration  ;  flood  them 
enough,  and  then  let  them  rest  until  the  sewage  has 
gone,  and  then  flood  them  afresh. 

6188.  In  fact,  there  is  very  little  difference  between 
a  plot  laid  out  for  an  intermittent  downovtaid  filtratiion 
and  an  artificial  filter? — ^The  material  ia  diffetent. 

6189.  The  concentration  of  sewage  is  rather  more  in 
the  one  case  than  in  the  other? — ^It  is,  if  one  may  call 
it  80,  a  natural  artificial  filter. 

6190.  (Chairman.)  Have  you  considered  the  question 
of  storms  where  the  amount  thai  goes  on  to  the  land 
is  very  much  larger  than  normal? — ;Ye8  ;  but  I  am 
afraid,  my  Lord,  I  have  no  very  definite  information  to 
give  you  on  that  point,  because  I  find  that  in  very  few 
cases  can  I  get  definite  information  as  to  the  amount 
of  storm  water  that  reaches  the  sewage  works.  In  the 
older  and  larger  schemes  they  are  provided  with  so 
many  storm  water  overflows,  and  they  take  in  so  muck 
surplus  water,  and  they  have  so  few  gaugins  of  the 
sewage  flow  that  very  little  definite  information  on  the 
subject  is  to  be  cbtained. 

6191.  Do  you  know  of  any  local  authority  actually 
treating  six  tim^  the  volume  of  ite  normal  flow  ?— j-I  am 
afraid  I  do  not,  my  Lord ;  I  think  the  information  is 
not  definite  enough  on  the  subject ;  it  would  require  very 
careful  gaugings  over  a  long  period  te  ascertain  in  the 
first  place  what  is  the  dry  weather  flow ;  it  is  very 
difficult  te  obtain  that  in  any  case ;  and  then  it  would 
want  very  care'iul  gaugings  in  times  of  storm  te  see 
what  the  flow  at  such  times  is,  and  the  figures  are 
not  available  at  any  pllace  that  I  know. 

6192.  (Mr.  Power.)  Have  you  any  information  ae  to 
the  capacity  of  the  outfall  sewer — ^tne  volume  of  sewage 
that  rt  would  accomonodate  in  times  of  storm? — In 
relation  to  all  new  schemes,  by  attending  the  Local 
Government  Biwrd  inquiries,  we  get  to  know  the  capa- 
city  of  the  main  outfall  sewer,  and  that  invariably  is 
more  than  sufficient  to  take  six  times  the  normial  flow. 

6193.  More  than  sufficient? — ^^es. 

6194.  Those  are  new  works? — ^^ose  are  new  works. 
In  the  case  of  old  works 

6195.  You  would  not  say  the  same  for  older  esteb- 
lished  works? — ^No,  I  could  not.  The  only  information 
that  I  have  been  able  to  obtain  on  the  point  is  in 
connection  with  Leeds,  where  at  the  Sanitary  Congress 
in  Leeds,  in  1897  I  believe  the  meeting  was,  Mr.  Bil- 
cock  read  a  paper  giving  gaugings  of  the  sewage  flow 
at  certain  times  in  dry  weather  and  in  times  of  storm. 

6196.  (Major-General  Carey.)  You  have  not  seen  any 
schemes  carried  out  within  the  last  two  or  three  years 
with  bacterial  filters? — ^There  is  only,  I  think,  one  place 
that  I  know  of  where  a  complete  scheme  has  been  car- 
ried out;  that  is  at  a  colliery  village  in  Hemsworth 
Rural  District — Sou>th  ElmsalL  I  beg  pardon.  Sir, 
that  is  not  a  complete  bacterial  scheme,  because  they 
have  land  provided  there. 

6197.  Of  course,  you  are  arware  that  by  the  require- 
ments now  made  by  the  Local  Qovemment  Board  the 
sewage  and  storm  water  have  to  be  treated  in  some 
way  up  to  six  times  the  dry  weather  flow,  and  all 
schemes  which  have  been  approved  within  the  last 
few  years  will  be  carried  out  on  those  lines?— Yes. 
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^Dr.  H.         6198.  I  suppose  jou  have  not  seen  any  of  thein  actually 
I^J^SJj,     ***  work  I — N  o,  none  so  recently  as  that. 
M.1).,  B.SC.       6199.  Have  you  any  observation  as  to  the  rate  of  flow 
14  Not.  1900.  ^  ^^^  sewer  at  which  storm  overflows    begin  to  come 

into  operation.    You  say  there  are  a  great  number  of 

otorm  orerflows ;  does  the  rate  of  flow  at  which  the 
weir  operates  vary  very  much  in  different  sewers  and 
different  districts  V — I  am  afraid  I  have  not  definite 
enough  information  on  that  point.  The  stosm  overflows 
I  find  b^gin  to  act  in  dry  weather  very  frequently,  and 
they  act  on  very  slight  provocation  in  time  of  rain. 

(Mr.  KiUick,)  Especially  in  darkness? 

6200.  (Chairman.)  Now  in  the  case  of  most  sewage 
farms  that  you  are  acquainted  with  are  there  storm  over- 
flows at  all  or  does  the  whole  go  over  the  land  and  take 
its  chance  ? — A!]!most  'without  exception  there  are  stoim 
overflows. 

6201.  With  farms— sewage  farms? — ^Yes,  you  are  re- 
ferring now  to  the  storm  overflows  on  the  farms. 

6202.  Yes? — There  are,  of  course,  storm  overflows 
usually  provided  on  various  branch  sewers.  For  instance 
a  sewer  com£ng  from  a  high  level  district  into  a  low  level 
sewer  is  very  frequently  provided  with  a  storm  overflow 
before  it  reaches  the  low  level  sewer.  There  are  in  addi- 
tion nearly  always  storm  overflows  provided  just  as  the 
sewage  reaches  the  sewage  farm,  ana  the  only  exceptions 
that  I  know  where  there  are  no  stonn  ovei^ows  on  the 
system  are  quite  smaU  places  in  the  oountiy,  where  there 
is  a  comparatively  large  area  of  land  for  dealing  with  the 
sewage,  and  where  the  sewers  are  as  strictly  as  possible 
on  the  separate  system,  not  taking  in  the  storm  waters. 

6203.  Have  you  any  facts  as  to  the  range  of  volume 
there  in  24  hours  ? — ^I  am  afraid  not>  sir. 

6204.  Between  dry  and  excessive  wet? — ^I  am  afraid 
not,  sir. 

6205.  (Mr.  KiUick.)  Would  it  be  possible  to  keep 
storm  overflows  under  observation  and  to  ascertain  how 
often  they  come  into  operation  and  the  extent  ol  the 
storm  overflow  ?— It  would  require,  sir — to  be  of  any  ser- 
vice, the  information  obtainea  in  that  way  would  have 
to  be  taken  over  a  long  period,  and  very  regularly.  Of 
oourse  that  I  think  rather  lies  within  th«  province  of 
the  surveyors  of  the  different  authorities  than  within  the 
province  of  the  Rivers  Board.  In  fact  we  could  not,  un- 
less by  special  permission  from  the  sanitary  authori- 
ties undertake  sudb  observaitiooiB. 

6206.  Do  you  think  if  you  asked  certain  selected  sani- 
tary authorities  in  your  watershed  they  would  consent 
to  giving  any  observations  ? — ^I  am  quite  sure  they  would, 
many  of  them. 

6207.  And  if  those  observationa  were  recorded  in  a 
certain  number  of  cases  in  the  West  Biding  and  in  a 
certain  number  of  cases  in  Lancashire  for  a  year  we 
should  then  have  some  very  reliable  data? — It  is  very 
much  what  is  wanted ;  there  are,  as  far  as  I  can  ascer- 
tain, no  reliable  data  on  the  subject. 

6208.  It  might  be  weU  to  ask  your  Rivers  Board  if 
they  would  do  such  a  thing? — ^I  would  be  very  glad  to 
do  so  if  the  Commission  would  kindly  draw  out  a  scheme 
upon  which  all  authorities  should  work.  It  would  be 
of  service  of  course  if  we  were  working  on  exactly  the 
same  lines  as  Mr.  Tatton,  say  on  the  Lancashire  side,  so 
as  to  make  the  results  comparative.  I  should  be  very 
glad  to  set  my  inspeotors  to  watch  this,  put  up  gauges, 
and  have  all  reliable  data  obtained. 

6209.  I  would  suggest,  my  Lord,  that  it  might  be  a 
matter  of  consideration  whether  the  Rivers  Board  should 
not  be  asked  to  do  that? 

6210.  (Mr.  Power.)  Have  you  made  observations  chemi- 
cally, if  not  bacteriologically,  as  to  what  comes  over  these 

storm  overflows  which  you  have  had*  under  observation  ? 
— No,  sir,  the  pollution  has  been  so  gross.  I  have  at 
various  times  taken  samples  and  made  a  chemical  analysis, 
but  I  have  almost  invariably  found  what  has  come  over 
the  overflows  to  be  practically  the  ordinary  sewage. 

6211.  Chemically  ift  off-ended  any  reasonable  standard  ? 
—It  did. 

6212.  It  wa6  polluting  liquid  ? — It  was  a  polluting 
liquid. 

6213.  A  putrescible  liquid  ? — I  think  if  ^on  will  aUow 
me  I  woula  like  to  put  oefore  the  Commission  my  view 
that  storm  overflows  are  at  best  only  a  necessary  evil, 
that  what  will  escape  by  a  storm  overflow  even  in  the 
time  of  very  heavy  rain  will  be  of  a  polluting  character. 

6214.  At  the  later  stages  of  a  very  heavy  rain? — ^I 
believe  all  through.    I  have  never  seen  a  storm  over- 


flow discharge  any  liquid,  but  what  is  evidently  of  a 
polluting  character. 

6215.  From  naked  eye  appearance,  do  you  mean?— 
From  naked  eye  appearance,  and  when  wo  have  taken 
analyais. 

6216.  And  by  chemical  analysis? — Yes,  I  have  not 
many  chemical  analyses,  but  I  have  some,  and  they  have 
invariably  shown  the  discharge  to  be  polluting. 

6217.  (Major-General  Carey.)  When  the  storm  over- 
flow is  at  such  a  level  thfrt  it  can  only  come  into  operaition 
when  the  sewage  is  diluted  with  five  times  its  vokime 
of  storm  water? — I  could  not  speak  definitely  as  to 
that,  sir,  because  those  regulations  refer  to  the  latest 
schemes  and  the  observations  that  I  have  taken  refer 
much  more  to  the  older  schemes  where  the  storm  over- 
flows come  into  operation  very  soon. 

6218.  Where  they  were  allowed  to  put  in  the  over- 
flows at  any  level  they  pleased  at  the  discretion  of  the 
authorities? — ^That  was  so,  Sir. 

6219.  (Mr.  Power.)  But  if  the  objectionable  character 
applies  to  the  late  stages  of  the  storm,  where  these  over- 
flows at  slight  provocation  are  concerned,  is  there  not 
some  indication  of  what  would  happen  perhaps  when  ik 
dilution  of  five  volumes  of  rain  water  obtains  7 — I  think 
you  can  judge  that,  sir,  very  well  by  the  nature  of  the 
sewage  readhing  the  sewage  works  in  such  oases,  whidiis 
of  course  the  same  nature  as  discharged  from  the  storm 
overflow,  and  in  my  experience  that  is  invariably  of  a 
polluting  character,  even  when  so  diluted  by  very  heavy 
rains,  and  I  think  storm  overflows  probably  are  quite 
necessary  merely  on  account  of  the  expense  of  treating 
the  very  great  volume  of  sewage  that  comes  down  in  very 
wet  weather. 

6220.  (Major-CknercU  Carey.)  In  unlimited  quantity? 
— ^In  unlimited  quantity.  In  many  cases  not  because  it 
w  pure  enoi:^h  to  go  to  the  streams,  but  because  the  ex- 
pense of  treating  it  would  be  so  enormous. 

6221.  (Mr.  Power.)  Have  you  any  data  as  to  the 
chemical  analysis  of  sewage  when  so  much  as  six  times 
the  volume  of  dry  weather  overflow  has  been  delivered 
in  the  prevLoufi  24  hours? — ^I  h«ve  not  any  definite 
information  as  to  the  amount  of  senirage  passing  down. 

6222.  It  would  be  an  estimate  always? — It  would  be 
very  rough.  There  are  no  figures  that  I  know  of  giving 
any  estimate  of  the  flow  in  wet  weather. 

6223.  You  have  some  analyses  taken  after  heavy  and 
long  sustained  storms  I  suppose,  have  you  not?-~Not 
many. 

6224.  Some  hours  later  than  the  storm ;  when  the 
overflow  has  been  in  operation  for  several  hours,  and 
presumably  a  very  large  volume  has  come  down ;  have 
you  any  analysis  of  such  sewage  ? — ^I  have  some  analy- 
sis, and  I  found  the  weather  records,  but  I  have  not 
co-related  the  twa 

6225.  It  would  be  interesting  if  you  had  any  facts  of 
that  sort  ? — ^I  will  look  up  the  analyses  I  have,  and  look 
up  the  weather  records,  and  if  I  can  make  a  satisfactory 
table  from  which  anything  can  be  learned  I  should  be 
very  glad  to  put  it  before  the  Commission. 

6226.  (Ch,airman.)  Would  you  be  in  favour  of  keeping 
rain  and  storm  surface  water  out  of  the  sewers  if  you 
could  ? — ^Keeping  the  storm  water  out^ 

6227.  Well  keeping  rain  water  out  of  the  sewers  that 
convey  the  sewage.  Would  you  be  in  favour  of  using 
them  only  for  the  sewage? — On  tihe  whode,  yes. 
There  are  some  circumstances,  I  have  pointed,  I  believe, 
in  my  answers  to  certain  of  the  towns  where  the  rain 
water  from  the  streets  would  be  quite  as  polluting  as 
sewage,  in  busy  streets,  paved  streets,  where  there  is 
horse  manure  and  all  sorts  of  refuse  about,  mud  of  al' 
kinds,  and  the  stoiim  water  washed  off  such  streets 
will  be  quite  as  polluting,  at  the  beginning  of  a  storm 
at  least,  as  any  sewage. 

6628.  (Colond  Harding.)  Therefore,  in  that  case,  you 
think  it  is  not  advisable  that  it  should  go  direct  into 
the  river? — ^In  such  cases,  no.  In  the  ordinary  cases, 
for  instance  in  the  outskirts  of  towns  where  the  traffic 
is  not  so  heavy  and  the  streets  are  not  so  grossly 
polluted,  I  think  for  the  matter  of  expense  it  is  as 
well  to  keep  the  storm  water  out  of  the  sewers,  other- 
wise the  flow  of  sewage  at  the  sewage  works  becomes 
so  enormously  increased  that  it  becomes  very  expen- 
sive to  deal  with  it. 

6020.  (Major-General  Carey.)  Especially  with  a 
pumping  system? — ^Yes. 

6230.  (Mr.  Power.)  You  think  in  a  big  town  water 
that  comes  off  the  streets  on  the  first  flush  of  a  hMii^p 
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storm  is  as  obiectionable  as  that  which  comes  from  the 
bac^  yards  which  are  drained  into  the  sewerik  The 
roof  and  yard  water  oommonlT  goes  into  sewers,  when 
there  is  a  sepaiote  system,  does  it  not,  whereas  that 
from  the  streets  and  roadways  is  exoJuded  from  the 
sewers?— Yes,  sir,  but  I  think  that  is  not  because  of  the 
4^erenoe  in  poUution ;  is  that  not  rather— 'I  find  it  is 
so  in  the  schemes  bioiigiht  fonrairdr-^beoause  of  the  diffi- 
culty of  draining  roofs  and  back  ya>rds  separately.  I 
sfaoold  be  inolin^  to  aay  that  the  w»ter  fttun  the  main 
streets  where  there  is  heavy  traffic  will  be  much  more 
polluting  than  what  drains  from  the  back  yards  and 
loofs,  and  I  think  it  is  on  the  question  of  expense 
agun  and  the  difficulty  of  draining  the  roofs  and  beck 
y«pds  separtely  that  they  are  taken  in. 

623L  Chemically  it  would  be  worse? — Chemically 
from  the  roads  it  would  be  worse. 

6ZS2.  (Mr.  KiUiek.)  Bo  you  not  think  now  that  the 
roads  are  so  well  made,  polluting  surface  water  from 
the  rural  loads  is  almost  as  pollunng  as  from  a  town? 
—Ch,  not  to  the  same  degree. 

62SSk  Have  you  made  any  analyses? — No,  I  have  not 
any  analyses,  I  am  sorry  to  say,  but  one  can  see.  I 
have  often  watched  what  was  discharging  from  the 
roads  into  the  drains,  either  into  the  sewers  or  into 
the  surface  water  drains,  and  it  is  very  evident  in  the 
case  of  the  centre  of  a  busv  town  what  goes  from  the 
streets  is  very  grossly  polluting.  The  whole  thing, 
if  I  may  be  allowed  to  repeat,  is  a  question  of  expense. 
I  think  what  does  drain  from  these  roads,  if  there  is 
any  considerable  traffic  on  them  at  all,  is  polluting, 
but  if  it  had  all  to  be  treated  and  purifie4  the  ex- 
pense would  become  unbearable. 

6234.  (Major-General  Carey.)  The  cost  of  the  sewers? 
^The  cost  of  the  sewers  and  the  sewage  works. 

6Z3S.  And  as  regards  the  proposal  for  the  treatment 
of  the  diluted  sewage  you  do  not  apparently  think 
it  is  necessary  to  appropriate  any  area  of  land  for 
ihat  purpose ;  buit  to  put  the  whole  of  the  sewage  and 
ihe  storm  water  over  t^  irrigation  area  9 — I  should  deal 
with  it  in  exactly  the  eame  way  as  the  ordinary  sew- 
age. Use  all  the  farm  for  dealing  with  the  mixed 
storm  water  and  sewage. 

6236.  If  you  have  a  limited  area,  does  not  that 
overtax  the  fanm  to  a  very  serious  extent?  Supposing 
you  have  an  area  in  proportion,  we  will  say,  of  an 
acre  to  1,000  persons,  or  30,000  gallons  to  the  acre, 
six  times  l^at  amoumt  would  be  160,000  gallons — 
180,000  gallons  per  acre?— Yes. 

6237.  And,  of  course,  for  a  population  of  10,000,  and 
say  ten  acres,  you  would  have  1,800,000  gallons  to  deal 
with  before  the  storm  overflows  came  into  operation; 
1,800,000  gallons  would  have  to  be  taken  on  your  ten 
acres  ?— Tee,  sir,  and  I  think  I  have  pointed 
out  my  answer  to  a  question  that  in  such  a  case  the 
land  is  probably  already  very  waterlogged.  It  occurs 
in  wet  weather,  when  the  land,  from  the  natural  rain* 
fall,  is  heavily  waterlogged,  and  it  has  been  suggested, 
and  is  being  carried  out  on  several  farms  that  special 
filters  should  be  provided  for  deeding  with  the  sewage  in 
times  of  storm  so  as  not  to  throw  that  large  quantity 
of  diluted  sewage  on  to  the  land  areas. 

6238.  You  approve  of  a  separation,  then?— I  think 
it  is  wise. 

6230.  And  a  separate  treatment  of  the  storm  water  ?— 
I  think  it  is  wise  because  the  land  is  scarcely  able 
to  take  it,  as  it  were. 

6240.  It  comes  to  this,  thai  if  the  area  of  land  is 
calculated  upon  a  given  flow,  and  if  the  given  flow 
upon  which  the  area  of  lend  is  based  is  the  noimal  dry 
weather  flow,  it  must  be  obvious  that  you  cannot  deal 
with  storm  waters  upon  that  area? — ^That  is  so;  you 
must  provide  other  means. 

6241.  {Colond  Harding,)  Without  danger  of  dislocat- 
ing the  whole  arrangement.  And  therefore,  if  it  is 
proposed  to  deal  with  the  storm  waters  to  the  extent 
of  five  times  on  the  land,  necessarilv  the  area  of  land 
must  be  calculated  upon  the  total  volume  of  such 
dilutions? — ^That  is  sa 

6242.  Unless,  of  course,  special  provision  is  made  to 
deal,  as  you  suggested  just  now,  by  artificial  filters 
or  otherwise  with  the  storm  water?-— It  is  obviously 
necessary  to  calculate  your  area  of  land  upon  the 
maximum  amount  of  sewage  that  will  be  passed  on 
to  it. 

6243.  (Major-General  Carey.)  Sewage  and  storm 
water  ?-H3ewage   and  sto'm  water. 


6244w  (CdUmel  Harding^)  Therefore,  in  your  opinion,  Dt.b. 

if  that  area  is  based  upon  the  normal  dry  weather  flow  JSHJ^ 

that  area  does  not  permit  practically  of  a  treatment  j^^JHe 

of  storm  waters? — Certainly  that  would  be  so.  -^ 

6245.  Then  as  to  the  question  of  the  overflows  it  has     — '— 
been    suggested   that   they    should   come   into   action 
when  you  have  six  volumes,  that  is  five  dilutions  of 

the  sewage.  In  such  case  ^ou  ma^  redcon  that  there 
would  be  a  sixth  of  the  impurities  in  such  dilated 
sewage  that  there  usually  is  in  the  dry  weather  flow? 
—Oh  no,  sir,  I  think  that  would  be  a  mistake. 

6246.  I  am  quite  aware  that  immediately  after  dry 
weather  a  storm  carries  down  an  exceptional  amount 
\jf  organic  matter,  but  that  is  a  condition  which  does 
not  last  long? — 'Well,  I  think  it  would  last  a  con- 
siderable time;  it  does  not  mean  that  you  get  a 
sudden  flushing,  cleaning  out  the  sewers  and  of  the 
surface  of  the  streets. 

6247.  Put  it  in  this  way,  the  amount  of  organic 
impurities  coming  down  in  such  times  is  double  what 
comes  down  ordinarily? — Yeik 

6246.  One  might  put  it  that  with  six  volumes  you 
would  have  about  one-third  of  the  organic  matter?— 
The  sewage  would  be  one-third  as  strong  in  that 


6249.  In  such  times  the  river  would  necessarily  also 
be  swollen? — Yes. 

6250.  So  that  if  you  had  six  times  the  flow  in  the 
river,  that  you  would  have  one-eighteenth  in  the  river 
of  the  amount  oxiginally  in  the  river  in  dry  weather  1— 
In  proportion  that  would  be  so. 

62&L  Then  do  you  think  that,  seeing  storm  over- 
flows must  necessarily  come  into  operation  sooner  or 
later,  because  it  is  not  financially  practicable  to  deal 
with  the  whole  rain-fall  at  the  sewage  works,  you 
would  consider  that  six  volumes  is  a  fair  amount  to 
name  before  storm  overflows  come  into  action  T-4L 
think,  sir,  that  seems  quite  a  reasonable  figure  to 
take;  I  would  put  it  as  high  as  possible. 

6252.  I  am  putting  the  area  of  practicability  ? — Yes ; 
and  the  authorities  are  now,  for  the  last  two  years, 
going  in  for  sewage  schemes,  and  providing  their 
sewage  works  of  that  capacity,  so  that  it  is  practicable, 
and  I  do  think  that  probably  it  would  be  unreason- 
able to  ask  for  any  more,  but,  as  I  have  said,  not 
because  the  discharge  at  such  times  by  the  storm 
overflows  is  not  polluting,  but  simply  from  the  question 
of  cost  of  dealing  with  it,  and  because  the  effect  upon 
the  swollen  rivers  is  not  00  great. 

6253.  {Major-General  Carey.)  You  would  like  to  have 
a  larger  amount? — 'I  should  like  to  have  it  alL 

6254.  {Chairman.)  Assuming  a  storm  over-flow  is  a 
necessary  evil,  it  should  be  as  high  as  far  as  costs  will 
a] low? — ^That  is  exactly  my  position. 

6256.  Just  a  few  more  questions  about  the  land ;  do 
you  find  that  frost  and  snow  affect  purification? — I 
do  not  think  at  all,  sir.  I  have  no  comx>arative 
figures  to  lay  before  you,  because  I  am  sorry  to  say 
that  in  the  nast  there  has  been  no  definite  record  kept 
of  the  weather,  but,  speaking  generally,  the  effluents 
analyse  just  as  well  m  the  winter  time  as  in  the 
summer. 

6056.  And  have  you  found  that  cropping  land  affects 
its  power  of  purifying  the  sewage  ?— It  affects  it,  sir,  in 
this  way,  that  the  land  to  be  cropped  must  be  all 
turned  over  and  tilled,  and  thoroughly  mixed,  the 
part  that  has  got  sewage  sick  must  be  mixed  thoroughly 
with  the  {Murt  which  is  clean,  and  it  has  to  have 
certain  periods  of  rest  when  the  seeds  are  put  in, 
when  the  crops  are  removed,  and  for  certain  cr<^ 
while  they  are  growing,  so  that  all  these  things  tend 
to  make  the  land,  renew  it,  and  make  it  capable  of 
a  fresh  dealing  with  the  sewage  even  after  it  haa 
become  sewage  sick. 

6257.  And  do  you  think  that  there  are  particular 
crops  better  than  others? — ^From  my  point  of  view, 
some  crops  are  exceedingly  bad,  such  crops  as  oats  put 
the  land  out  of  sewage  use  for  the  best  part  of  the 
twelvemonth,  because  I  find  that  none  of  the  managera 
of  sewage  farms  will  put  sewage  upon  land  which  is 
growing  oats  from  the  time  it  is  sown  till  the  time  tha 
crop  is  reaped.  Other  crops  can  be  used  at  rarious 
times,  although  some  of  them  not  constantly,  and 
they  may  be  divided  into  those  that  can  be  used  con- 
stantly with  sewage,  those  that  can  only  be  used  for 
a  short  time  during  their  growth,  and  {hose  that 
cannot  be  used  at  all  while  they  are  growin^^ 

6258.  Then  there  are  other  crops  that  never  necesR- 
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tate  the  flow  of  sewage  being  stopped  at  all  are  there  ? — 
Bjregraae,  for  instance,  excepting  durkig  the  time — per- 
haps a  week  or  ten  days — ^when  the  la»l  is  being  dried 
so  that  the  workmen  can  gelt  on  to  it  to  remoye  the  crop. 
14  Not.  1900.  ityegrafis  can  be  treated  with  sewage  almost  from  the  time 
it  ia  sown,  during  itsi  Whole  growth.  Mangolds  again, 
and  on  eomo  forms  tbey  treat  turaaps  with  sewage  pretty 
consbantly  until  a  few  weeks  before  the  crop  ie  ripened 
lor  remoyal;  cabbages  and  such  planta  can  be  treated 
with  sewage  the  whole  time  if  the  sewage  does  2X)t  touch 
6he  cabbages.  If  the  cabbages  are  grown  on  ridges  so 
tiwt  the  sewage  does  not  actually  touch  the  plants,  the 
land  on  which  cabbages  are  grown  can  be  used  the  whole 
time* 

6259.  {Mr,  Potoer.)  Speaking  g^^ieraliy,  a  sewage  farm 
that  is  to  be  cropped  will  have  to  be  larger  relatiTdy  than 
one  which  is  not  cropped,  will  it  not  ? — I  do  not  think,  air, 
I  would  say  that,  unless  the  plots  aire  being  used  by  in- 
termittent  downward  filtration. 

6260.  But  you  wiU  have  ceitadn  areas,  if  you  have  sot 
oats  for  instance,  put  out  of  court  for  a  oonsidierable 
section  of  the  year,  you  would  have  to  provide  for  that  in 
estimating  your  land,  if  you  were  to  grow  oats  at  aU  largely 
on  the  sewage  farm  ? — I  do  not  think,  sir,  oats  should  be 
grown  on  the  sewage  farm  at  all ;  I  think  it  ia  a  crop  that 
should  be  forbidden  on  a  sewage  farm. 

6261.  Altogether,  is  it  not  a  question  of  degree ;  why 
not  limit  the  area  to  be  sown  ? — I  do  not  think,  sir,  more 
<3ian  would  be  required  to  rest  th-ese  plots.  K  the  land 
is  properly  cropped  it  should  not  be  out  of  sewage  treat- 
ment. 

6262.  The  rest  that  is  necessary  to  give  to  land  would  be 
about  (tihe  equival^it  of  the  land  lying  idle  on  account 
of  the  crop  do  you  mean  ? — ^I  believe  so,  sir. 

6263.  Then  you  would  exclude  oats;  potatoes  would 
you  exclude? — ^Potatoes  is  another  crop  that  sewage 
should  not  be  put  upon  ;  it  may  be  in  very  rare  circum- 
stances necessary  to  grow  such  a  crop  as  oats  and  potatoes, 
but  it  can  only  be  where  there  has  been  some  neglect, 
and  the  land  has  become  very  sewage  sick. 

6264.  And  it  has  to  be  laid  aside  for  some  oonsideonlble 
period  ? — ^For  a  long  time. 

6265.  (Mr.  Killick.)  Have  you  any  reliable  informa- 
tion about  growing  wiflows  ?— Willows  do  very  well  in- 
deed ;  we  have  several  farms  in  the  West  Biding ;  one 
the  Commission  saw  at  Ripon,  and  the  results  there 
have  been  very  good  ;  at  Poteley  Bridge  and  Otley,  there 
are  other  willow  plots,  and  they  seem  to  do  very  well. 

6266.  {Colonel  Harding.)  Do  you  think  the  growth  of 
the  willows  at  Bipon  facilitated  the  treatment  of  the 
sewage  at  all;  suppose  fchey  had  not  grown  willows  at 
all ;  suppose  the  land  was  not  expected  to  bear  anything 
would  not  their  treatment  of  sewage  have  been  at  least 
as.  good?— I  think  not,  sir,  because  the  wiltows  growdng 
so  ranUy  as  they  do  must  remove  from  the  soil  a  very 
great  deal  of  the  organic  matter,  the  products  of  the  bac- 
terial action  which  must  take  place  in'  the  soiL 

6267.  Then  you  think  that  the  growth  of  suitable  crops 
actually  facilitates  the  treatment  of  the  sewage? — I  am 
sure  it  does  in  that  way. 

6268.  And  may  be  looked  upon  in  a  way  as  a  guarantee 
that  the  farm  will  not  be  overworked? — ^That  is  another 
reason.  May  I  give  you  this  instance,  sir.  On  the  Keigh- 
ley  Faim,  as  I  have  said,  some  of  the  plots  ore  laid  ou\ 
for  intermittent  downward  filtration  because  t>hey  cannot 
by  broad  irrigation  get  rid  of  all  the  sewage.  These 
plots  are  used  sometimes  for  12  months  without  any  crop 
at  all ;  they  are  used  really  until  the  soil  becomes  sewage 
Mck,  but  when  they  are  then  dried  and  tilled  and  planted 
say  with  mangolds  or  ryegrass,  they  become  again  immedi- 
ately available  for  sewage  treatment,  for  sewage  disposal ; 
the  soil  recovers  itself,  the  plants  remove  from  the  soil 
the  organic  matter,  and  it  reverts  practically  to  its  original 
condition.  In  f  aot,  making  inquiries  of  the  manager  there, 
who  has  Ibeen  in  charge  for  a  considerable  time— for 
many  years— ^he  says  the  soil  is  as  suitable  for  sewage 
treatment  now  as  ever  it  was,  and  even  better.  He  pointed 
out  a  specdaJ  bed  that  had  become  practdoally  sowage 
sick,  being  used  on  that  method  for  some  time,  and  he 
said  that  haiving  tilled  that  and  sown  it  wdth  ryegrass 
or  mangolds  it  would  become  quite  fresh  and  able  to 
deal  with  sewage  again  as  well  as  ever,  so  that  I  am 
sure  the  vegetation  is  of  use. 

6269.  (Major-Oenercd  Carey.)  Is  not  one  of  the  chief 
causes  of  failure  of  broad  irrigation  fenns,  even  with  suit- 
able land,  to  produce  satisfactory  results  caused  by  over- 
dosing one  part  of  the  farm  witSi,  sewage  at  the  expense 
of  the  rest  which  is  under  crops  for  which  sewage  is  not 


at  the  time  required? — It  is  very  often,  and  there  are 
several  farms  in  the  West  Biding  where  that  neglect  is 
very  great.  At  one  that  I  visit^  a  short  time  ago  out 
of  some'  53  acres  which  could  have  been  available  tor 
sewage  treatment  there  were  only  about  15  at  that  time 
because  of  the  crops  of  oats  and  potatoes  and  the  dsyaiig 
off  of  root  crops,  and  of  course  sewage  which  could  have 
been  purified  on  50  acres  could  not  be  purified  on  15. 

6270.  {Mr.  Power.)  It  was  smrnmer  time  I  suppose,  was 
it  not? — ^It  was  late  summer  time — the  time  w^en  the 
crops  were  ripening. 

6271.  {Major-General  Carey.)  And  the  t«idency  is  for 
a  sewage  faimer  to  lodi  at  pronto  rather  than  purinoation 
of  ^e  sewage  ?— It  has  been  so  veiy  nmoh  in  the  past^  but 
of  late  I  thmk  the  District  Councils  are  recognising— most 
of  them — ^that  the  sewage  farm  is  not  a  profitable  invest- 
ment, and  giving  instructions  more  for  the  treatment  of 
the  sewage  than  for  the  cropping  of  the  land. 

6272.  {Mr.  i\noer.)r  What  would  thave  ha^^ened  in 
Hiat  instance  if  they  had  had  a  very  heavy  storm ;  would 
they  iiave  put  ail  on  the  15  acres  that  they  used,  or  put 
it  by  bypass  into  the  stream  ? — ^That  is  wliat  would  have 
happened  I  am  afraid ;  they  would  not  have  put  it  on 
their  oats  crop  you  may  be  quite  sure  of  that. 

6273.  {Chairman.)  Have  you  ever  known  any  injury 
to  health  to  come  from  the  sewage  farms? — iteveT,  I 
think ;  I  think  in  my  four  years  that  I  have  been  in  the 
West  lUding  I  'have  known  of  one  manager  of  a  sewage 
farm  being  laid  up  with  tvphoid,  but  I  cannot  say  it  was 
due  to  the  farm  at  aU,  ana  as  a  rule  they  are  exceedingly 
healthy  men. 

6274.  {Mr.  Power.)  And  as  to  the  cattle  that  are  kept 
in  connection  with  the  sewage  farms  or  fed  with  sewage- 
grown  produce,  h/ive  you  any  facte  as  to  wbether  they 
suffer?  I  have  knoiwn  several  instances  where  dairy 
cattle  drinking  sewage-poUuted  water— <periiaps  that  is 
not  quite  the  question  you  put. 

6275.  The  crops  of  the  farm  used  for  feeding— -oows  we 
will  say  fed  on  rye-grass  ?— No ;  quite  the  contrary.  For 
instence,  just  the  oUier  day  I  inquired  at  the  Dewsbury 
farm  where  they  have  a  herd  usually  of  some  40  dairy 
cattle  fed  on  the  produce  of  the  farm,  and.  not  one  has 
been  lost  in  four  years  of  these  dairy  cattle. 

6276.  Tlien  the  ryegrass  from  the  fiatm  is  not  given, 
I  suppose  to  the  cows  until  it  has  ceased  to  be  actually 
treated  with  sewage;  sewage  is  not  run  over  the 
ground,  for  some  time  before  the  grass  is  cut? — Of 
course  the  ground  must  be  dried  off  before  the  work- 
men can  get  on  to  out  it,  and  usually  I  should  say  the 
sewage  is  kept  off— depending  U}x>n  the  weather— for  a 
week  or  a  fortnight  before  the  xy^gnaas  is  oat. 

6277.  Before  they  go  on  to  cut  it?— Yes. 

6278.  {Chairman.)  Do  you  know  anything  of  water- 
cress in  connection  with  sewage  farms  ?— -I  have  none  in 
the  West  Biding,  so  far  as  I  know. 

6279.  Do  you  know  any  sewage  farm  where  the  pasture 
is  used  ? — ^Yes,  there  are  several. 

6280.  There,  I  suppose,  the  cattle  feed  on  the 
just  as  they  would  in  an  ordinary  grass  field  ? — ^Yes. 

6281.  And  you  have  never  known  any  harm  come  from 
that,  I  suppose  ? — ^No,  I  >have  not  known  of  any  harm. 

6282.  In  fact^  the  only  harm  to  any  cattle  you  know  of 
came  from  sewage-poilluted  streams  ?— From  a  stream 
polluted  by  the  effluent  from  sewage  works  which  was  not 
sathsfactory. 

6283.  But  as  far  as  you  know,  there  is  no  reason  to 
suppose  that  feeding  on  the  grass  grown  on  a  sewage  farm 
would  do  any  harm  at  all  ?— I  have  never  known  an  in- 
stance. 

6284.  {Mr.  Power.)  In  the  case  of  the  milcih  cows 
drinking  from  a  sewage  effluent ;  did  it  affect  the  quan- 
tity of  milk  they  yielded  or  make  them  seriously  indis- 
posed in  some  other  way  ?— I  believe  this  is  the  method  of 
hurting  them,  sir.  It  sets  up  diarrhcea,  and  it  makes  the 
cows  drop  their  calves  and  brings  them  into  a  low  state 
of  health,  and  I  believe  they  are  very  apt  to  take  tuber- 
culosis. 

6285.  Do  you  mean  more  susceptible  than  they  other- 
wise would  be  ?— It  may  either  be  that,  sir,  or  it  may  be 
that  they  get  the  infection  from  the  sewage. 

6286.  from  crude  actual  sewage?^— I  oould  nob  say ; 
I  have  no  experience  to  show,  but  experiments  have 
been  carried  out  to  show  that  tubercular  germs  ai« 
liable  to  be  diisohaa:ged  into  effluents,  aiMl  aire  present 
in  the  unpurified  sewage,  so  that  it  looks  to  me  a  vmer 
likely  source  of  infection  for  the  cattle. 
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6087.  Do  yoa  ihink  >tbat  as  a faotoowBon  senprage farms 
do  suffer  moie  from  tubeirGulioais  than  other  oows  in  tbe 
same  d»fcrict;  are  there  anj  ye^termarj  staitastics  of 
thait^— ^I  do  not  know  of  any  reliaibJe  statistics;  I  am 
speaking  x«(ther  from  knowledge  of  one  case  especially 
— tiwo  pezihaps,  bat  in  osie  .gase  that  was  the  course  of 
events—^hat  out  of  a  certain  number  of  dadry  cattle  fed 
in  a  field  tdnougji  which  a  polluted  streani  nun  they 
began  by  scouring,  dropping  their  oalves,  and  ended  by 
beoomdng  taberoulous. 

6268.  Was  this  stream  polki/ted  by  effluent  or  by  raw 
semrage? — GhoeAy  fiom  the  effluent;  these  yn»  ailso  a 
little  raw  sewage,  but  the  chief  pollution  wias  the  bad 
effluent  from  a  sewage  works. 

6289.  Did  the  effluent  form  a  considerable  bulk  of 
the  total  volume  of  the  little  stream,  do  you  think? — 
Tes,  it  would  be  on  a  rough  estimate  about  one-sixth. 

6200.  The  dry  weather  average  7— In  diy  weather. 

6291.  {Mr,  KiUick,)  Was  it  a  chemically  treated 
effluent?— 'No,  it  was  a  biologically  treated  effluent,  but 
very  impeifeotly  treated,  for  the  miort  part  by  one 
contact. 

6292.  (Chairman.'^  Was  it  domestic  sewage? — ^Domes- 
tic sewage  wholly  in  that  case. 

6293.  And  it  had  gone  through  one  filter  bed,  had 
it  7^ — ^For  the  most  part. 

6294.  (Mr.  Pother.)  Is  it  the  notion  of  farmers  gene- 
rally, do  you  think,  that  if  sewage  gains  access  to  the 
stream  from  which  their  cattle  (&ink  it  is  deleterious 
to  the  health  of  the  milch  cows? — I  think  it  is  recog- 
nised generally  by  veterinary  surgeons  and  farmers 
tbat  it  is  very  apt  to  make  cows  drop  their  calves — 
to  make  them  scour  and  drop  their  calves. 

6296.  Drop  their  calves  as  the  result  of  their  scour- 
ing ?— That  is  what  it  is  usually  put  down  to ;  yes. 

6296.  (CA^trTiian.)  Taking  this  case  for  the  moment 
that  you  speak  of — does  that  effluent  still  go  into  that 
stream,  or  has  anything  been  done  to  improve  matters  ? 
— ^There  is  a  Local  Government  (Board  Inquiry  this 
veek,  my  Lord,  for  improving  the  sewage  works,  ii^ 
«i^eaaing  and  enlarging  tiie  sewage  works. 

6297.  But  this  case  that  vou  speak  of  has  been  going 
on  for  some  years,  has  itf-^It  is  rather  a  hard  case, 
because  about  three  years  ago  the  sewage  works  were 
constructed  ;  they  were  not  sufficient,  they  turned  out 
to  be  not  sufficient,  and  the  authority  has  now  to 
enlarge  and  improve  them. 

6298.  Yes,  but  what  I  wanted  to  know  was  whether 
this  has  been  going  on  for  some  time,  and  whether 
there  was  only  one  particular  case  wheire  the  cows  were 
effeoted,  or  whether  thero  have  been  se^^eral  oases?-— d 
have  not  the  details  in  many  cases,  but  I  have  fre- 
quently h«eard  of  simiHar  cases. 

6299.  In  this  particular  stream  and  7eld  that  you 
speak  of? — Oh,  no ;  in  this  case  it  has  been  repeated 
for  several  years ;  two  or  three  years  at  least  the  ex- 
perience has  been  the  same. 

6300.  Two  or  three  years  running  cows  have  suffered 
from  drinking  this? — Yes,  when  put  into  this  field. 

6301.  (ColUmd  Harding,)  Beturning  to  the  general 
question,  what  is  your  opinion  as  to  nuisance  arising  in 


connection  with  sewage  farms? — ^It  depends,  I  think,      Dr,a. 
sir,  entirely  upon  the  management  of  the  farm:    if  a      ^cL, 
farm  is  well  managed  there  should  ibe  no  nuisance.        ,  u^!^bSo, 

6302.  Well,  as  a  fact,  taking  Doncaster,  there  is  at  ^u^ioqa 

times  considerable  nuisance  even  from  that  well  man-      1— 

aged  farm,  is  there  not? — I  think  not,  sir.     We  have 

had  a  report  of  nuisance  from  the  sewage  being  allowed 
to  lie  stagnant  upon  some  of  the  fields  near  the  road, 
but  there  have  been  no  such  reports  lately.  There  has 
been  a  change  in  the  management,  and  I  think  since 
the  change  in  the  management  I  have  not  heard  of  any 
complaints. 

6303.  Then  where  nuisance  arises — and  of  course  nui- 
sance does  arise  sometimes  in  connection  with  these 
farms — ^is  that  nuisance  due,  do  you  £&ink,  to  the  de- 
composition of  the  solids  coming  down  with  the  sewage 
rather  than  from  the  impurities  in  solution?— I  think 
it  is  entirely  due  to  the  decomposing  solids  upon  the 
surface  of  the  ground. 

6304.  Are  there  cases  where  you  ^ink  it  is  advisable 
in  the  first  instance  to  settle  the  solids  before  the 
sewage  is  passed  upon  the  landt — It  seems  to  me 
genendly  advisable,  unless  there  is  a  very  laigo  araa 
of  land  avadlaible,  to  take  out  the  bulk  of  the  roug^r 
suspended  solids  before  passing  it  on  to  the  land. 

6306.  I  take  it  that  the  action  of  the  land  is  this: 
that  the  liquid  passes  down  into  the  land,  and  thdi 
the  changes  or  putrefaction  that  arise  occur  within 
the  land,  whereas  in  the  case  of  solids  these  remain  on 
the  surface  of  the  land  and  the  gases  evolved  pass  away 
at  once  into  the  air,  and  also  the  action  would  probably 
be  much  more  rapid,  owing  possibly  to  the  heat  of  the 
sun  ? — ^That  is  so ;  and  if  too  many  of  these  solids  are 
not  put  on  the  land,  if  there  is  a  sufficient  area  of  land 
to  deal  with  the  sewage,  that  can  be  carried  out  without 
the  nuisance  arising,  but  if  any  slight  excess  ol  solids 
is  deposited  on  the  surface  of  the  land*  and  especially 
if  the  land  is  of  such  a  texture  that  it  becomes  choked 
with  these  solids,  then  a  nuisance  does  arise,  and  it 
would  be  better  in  m^  opinion  to  remove  these  solids 
by  a  preliminary  rapid  settlement  rather  than  throw 
them  on  to  the  surface  of  the  land. 

6306.  {Major-Chnerdl  Carey.)  Or  even  by  rough 
screening  ? — Or  even  by  rougli  screening,  or  by  both. 

6307.  (Cdond  Hardmg,)  Then  you  have  been  able  to 
ascertain  how  far  trade  refuse  being  mixed  with  sewage 
causes  difficulties  to  arise  in  land  treatment?  Of  course 
one  knows  that  certain  trade  refuse  cannot  be  dealt 
with  on  land,  but  to  what  extent  do  you  find  that  land 
can  be  used  with  trade  effluents? — ^I  have  prepared  a 
short  Table  here,  sir,  and  I  wish  rather  to  point  out 
to  the  Commission  that  the  common  idea  that  sewage 
with  trade  refuse  in  it  is  strong  sewage  is  a  mistiJce 
from  my  experience.  The  sewage  of  towns  taking  in 
trade  refuse  is  very  often  weaker  sewage  than  the 
sewage  which  is  purely  domestic  ;  and  further  tlum 
that,  the  last  Boyal  Commission  gave  a  Table  of  sewage 
of  water  closet  towns  and  sewage  of  privy  midden 
towns,  showing  that  they  were  approximately  equal  in 
strength  ;  but  my  experience  in  the  West  Biding  goes 
to  show  that  the  strongest  sewage  we  have  to  deal 
with,  with  one  or  two  exceptions  we  strongest  sewaj^es 
we  have  to  deal  with,  are  the  sewages  from  jprivr 
midden  towns  from  colliery  villages*  I  would  ask 
you  to  look  at  this  Table,  sir. 
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6308.  (Mr,  Fovrer.)  Where  th«  middens  are  und rained 
to  the  severs  ? — Where  the  middene  ai«  undrained. 

6909.  (Colonel  Harding.)  In  that  case  how  did  these 
matters  get  into  the  sewage? — Simpljr  in  the  slop  water 
in  the  case  of  non-<water  cloeet  towns. 

6310.  Then  they  do  not  get  into  the  sewage  these 
miattera  ? — ^The  f adoal  matters  ? 

6311.  Yes? — I  think  to  a  consideraible  extent  they 
do,  because  it  is  the  habit  of  the  people,  in  theee  col^ 
liery  villages  especially,  to  empty  a  considerable  pro- 
portion of  their  slope,  urine  and  probably  foecee  too, 
into  the  slop  water  drains. 

6312.  Fcecal  matter  is  kept  out  o>f  the  drains? — ^Kot 
all,  sir. 

6319.  But  the  bulk  of  it  ?--^Probably  the  bulk  of 
it  is. 

6314.  And  nevertheless  such  sewage  is  very  strong? 
— Very  strong  indeed.  And  it  is  strong  because  there 
is  no  admixture  of  trade  effluents  and  no  admixture  of 
water  as  there  is  in  the  case  of  water  cloeeto.  I  would 
ask  you,  sir,  to  look  at  the  Table,  and  the  first  three 
are  samples  taken  at  random  from  some  of  xny  analyses 
of  water  closet  tewne--<Ripon,  Dewabury,  Ueckmond- 
wike.  The  next  three  are  samples  of  sewages  also  taken 
at  random  frcHn  towns  with  privy  middens  only,  and  the 
next  lot  are  samples  of  sewage  mixed  with  trade  refuse, 
and  you  will  find  that  the  strongest  of  all  is  one  of 
the  samples  from  a  privy  midden  town,  that  all  the 
three  from  the  towns  that  have  only  privy  middens  are 
very  strong  indeed. 

6315.  What  are  you  measuring  the  strength  by — 
chlorine  t—^rom  the  oiriganic  matter  rather — ^the  albu- 
minoid ammonia  where  it  is  given  and  tfie  oxygen  ab- 
sorbed. You  will  find  that  the  albuminoid  ammonia 
is  given  in  most  instances  both  on  the  whole  and  in 
matters  in  solution. 

6316.  (Mr,  Power.)  Sheffield  is  veory  high  I  see  in 
albuminoid  ammonia? — ^Yes,  Sheffield  ia  very  high,  Sir. 

6317.  (Mr.  KiUick.)  We  had  a  case  the  other  day, 
RochdaJe,  where  they  had  been  tumuig  into  the  sewers 
r^use  from  the  paH  ^sitem,  and  the  aewage  immediately 
became  infinitely  worse  ;  of  course  that  would  be  in  accor- 
dance with  your  observations  ? — Quite  so,  and  there  would 
be  no  dilution  in  that  case,  the  contents  of  them  would 
be  added  without  any  dilution  such  as  they  have  in 
water-closets. 

6318.  That  would  be  in  aocordanoe  with  your  ex- 
perience ?— Yes. 

6319.  (Colonel  Harding.)  May  we  return  to  the  ques- 
tion I  was  patting  to  you  as  to  how  far  trade  effluente 
can  be  dealt  with  upon  land  ? — ^It  seems  to  me,  Sir,  that 
unless  in  exceptional  cases  where  the  trade  refuse  is  of 
aoch  a  kind  as  to  be  antiseptic  to  the  germs  which  purify 
the  sewage  or  where  It  is  injurious  to  vegetation  it  can 
be  dealt  with  quite  as  well  upon  land  as  ordinary  sewage 
can.  There  are  vesr  numerous  cases  in  the  West  Biding, 
as  you  are  awaire.  Sir,  where  the  trade  refuse  is  acid  in 
re-action,  where  it  may  contain  phenol  compounds,  and 
such  sewages  as  these  do  interfere  with  the  treatment  of 
the  sewage  upon  the  land.  There  is  another  common 
class  of  case  where  the  trade  refuse  contains  a  large  amount 
of  fatty  matter  which  is  very  difficult  of  destruction, 
very  indestructible  ;  and  wool  washing  refuse,  if  that  is 
turned  on  to  land,  almost  immediately  clogs  up  the  sur- 
face of  the  land. 

6320.  Then  speaking  generally  trade  refuse  and  trade 
effluents  which  would  interfere  with  land  treatment 
would  also  interfere  with  artificial  filtration? — Certainly, 
and  I  think  in  all  those  cases  or  the  majority  of  them  if 
the  trade  refuse  has  removed  from  £t  all  those  objection- 
able matters,  for  instance,  if  the  wool  washing  refuse 
has  the  fat  removed  from  it,  it  can  be  mixed  with  the 
sewage  and  dealt  with  quite  well  upon  the  land  or  in 
any  other  way. 

6321.  Then  it  would  be  a  wise  course  for  local  authori- 
ties te  take  to  call  upon  manufacturers  first  of  all  te 
settle  the  solids  from  their  effluent  before  turning  them 
into  the  sewers,  would  it  not? — ^It  would  be  very  wise, 
Sir,  and  a  very  necessary  course.  There  is  «  consider- 
able number  of  sewage  works  in  the  West  Biding  the 
results  of  whioh  are  interfered  with  because  of  trade 
refuse,  because  the  manufacturers  are  not  asked  to  re- 
move from  their  trade  refuse  these  deleterious  matters. 
On  the  other  hand  it  is  the  tendency  in  the  West  Riding 
I  should  say  now  in  manufacturing  districts  to  allow  ihe 
manufacturers  to  discharge  their  trade  refuse  into  the 
sewers  if  they  will  undertake  to  put  it  through  some  pre- 
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liminary  treatment  beforu  joining  their  drains  up  to  the     Dr.  sr. 
sewers.  MeL. 

6322.  With  the  view  to  settle  solids  ? — With  the  view  v.i».,  s-so. 
to  settle  solids.  wN^isa 

6323.  Or  removing  grease? — ^And  removing  grease.    I      

have  here  several  conditions  drawn  up  oy  sanitary 
authorities.  The  first  is  a  paper  whdch  I  read  at  the 
Sanitar}^  Institute  at  Leeds  in  1897. 

6324.  Give  us  generally  the  chaiacter  and  conditions? 

6325.  (Mr.  Power.)  Do  the  manufacturers  accept  the 
obligaticm  put  upon  them? — ^In  most  cases,  Sir,  they 
are  glad  to  do  so ;  they  recognise  that  it  is  right,  I  be- 
lieve, and  they  hav<e  fallen  in  with  the  requirements  of 
the  san&tary  authorities  in  most  cases. 

6326.  (CoUmd  Harding.)  And  the  akemative  if  they 
do  not  so  fall  in  is  that  they  would  have  to  treat  their 
effluente  whoUy  themselv*es? — ffluch  more  thorough^. 

6327.  Whereas  in  this  way  a  rough  partial  treatment 
is  all  that  is  asked  of  them? — ^That  is  exactly  the  posi- 
tion, Sir. 

6328.  May  I  ask,  in  passing,  the  settlement  of  these 
solids  has  been  found  in  some  cases  to  be  almost  pro- 
fitable to  the  manufacturer,  has  it  not — ^in  some  cases? — 
Oh,  yes,  it  has  indeed.  In  many  oases  wiiat  they  r»> 
cover  is  profitabJe  to  them. 

6329.  For  instance  in  the  case  of  coal,  I  believe,  thai 
has  been  distinctly  proved  to  be  so? — That  has  been  very 
profitable. 

6330.  And  I  think  in  the  paper  trade  also  advantage 
has  bee>i  found  ? — ^In  certain  instances  in  the  paper  trade 
and  the  woollen  trade  such  preliminary  treatment  as  we 
are  now  speaking  of  has  been  found  profitable,  because 
a  great  deal  of  fibrous  material  can  be  recovered  and  the 
wool  washing  grease  can  be  recovered,  and  the  soap 
from  the  scouring  of  the  goods  can  be  recovered. 

6331.  Then  subject  to  such  preliminary  treatment  by 
manuf  JicturerB  and  the  withdrawal  of  matters  which  inter- 
fere with  the  treatment  of  the  sewage  you  think,  from 
your  point  of  view,  representing  a  B&vers  Board,  thaif 
it  is  better  that  the  treatmeixb  of  trade  effluente  should 
be  by  the  local  authority  rather  than  bv  the  individual 
nranufacturer  ?— I  think,  sir,  dn  such  places  as  the  West 
Biding,  where  the  manu:fiaioturera  are  so  numerous  and 
they  are  placed  so  close  together  on  the  streams  and 
ofitenonsmalii  sfcreams,  that  mo  very  good  effect-,  no  neairi^ 
perfect  result  at  leaat,  will  be  got  in  the  purifioation  of 
the  riveis  until  that  course  is  followed,  because  in  a  dis- 
trict say — there  are  several  of  ourdistrLGite — ^where  there 
are  thirty  large  trade  pollutions,  if  each  manufacturer 
has  purification  works  of  his  own,  and  a  District  Council 
has  ite  own  sewage  works,  it  would  be  practically  im- 
possible to  ensure  that  all  tnese  works  are  working  well 
at  the  same  tune  ;  there  will  always  be  a  proportion  of 
them — that  is  my  experience — that  will  be  unsatisfactory. 
It  may  be  temporarily  or  at  may  be  constantly,  but  some 
will  be  unsatisfactory,  and  t^en  the  ddschairging  of  pol- 
luting refuse  from  one  of  tiiese  mills  may  sumce  to  spoil 
the  resulte  of  the  purification  obtained  at  IJie  other  places. 
On  the  other  hand,  sir,  there  is  a  very  importent  question 
arises  in  that  connection.  On  the  small  streams  where  the 
water  is  used  by  all  the  manufactiurers  for  condensing, 
it  will  be  ttrnpossible  to  allow  the  manufacturers  to 
discharge  aU  their  waters  into  the  sewers,  otherwise 
there  would  be  no  stream  left.  In  many  cases  it  would 
be  interfering  with  the  riparian  righto.  But  in  such 
cases,  sir,  I  do  not  know  if  it  affecto  what  you  are  dealing 
with  to^y,  it  is  my  strong  opinion  that  in  sudi  cases  there 
should  be  a  grouping  together  of  the  manufacturers  ; 
there  may  be  a  group  of  six  or  eight  or  ten  manufacturers 
who  would  very  economically  and  much  more  effectively 
purify  their  refuse  together  at  one  joint  works  than  if 
each  of  them  had  separate  works,  and  I  have  tried  my 
best  in  several  cases  to  persuade  the  manufacturers  to 
combine  in  establishin?  trade  refuse  purification  works, 
but  I  have  been  unsuccessful  in  every  case. 

6332.  (Mr,  Power.)  You  would  combine  different 
trades  in  a  group? — ^They  would  have  to  be  selected 
trades  ;  some  kinds  of  trade  refuse  would  not  combine 
well,  but  on  the  whole  it  would  be  better  if  different 
trades  were  separately  grouped. 

6333.  {Major-Oeneral  Care^fi)  It  would  be  next  te 
impossible  to  get  them  to  amalgamate  volunterily? — ^I 
have  found  it  impossible. 

6334.  Because  one  of  these  works  might  do  the  whole 
misdhief  ?— Tes. 

6335.  (Mr.  Killick.)  Do  you  find  any  practical  way  of 
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dealing  with  fellmonge»'  effluent? — Land  treatment 
hSffi  given  us  the  beet  results  in  thoee  th&t  we  have  got 
effectively  purified. 

6336.  They  require  so  much  land  that  that  i'S  a  case 
where  it  is  almost  compulsory  to  treat  them  by  the 
authority  ? — ^Yes,  land  treatment  alone  is  no  good  for  f elk- 
mongers'  refuse,  but  land  treatment  after  the  removal 
of  the  BUBpended  solids,  and  of  course  in  a  crowded 
localii^  where  the  land  cannot  be  obtained  it  is  almost 
-necessary  that  the  authority  should  deal  with  it.  Tan- 
neries refuse  is  in  the  eame  category. 

6337.  {Chairman,)  If  you  had  a  separate  system  of 
«ewerB  for  trade  r^use,  how  would  you  get  them  to 
divide? — A  separate  system  of  sewers? 

6338.  Did  you  not  say  in  some  cases  you  thought  it 
.would  be  desirable  to  have  separate  sewers  for  trade 

refuse  ? — ^They  would  be  separate  sewers  so  far  that  cer- 
tain groups  of  manufacturers  would  be  dealt  with  ;  their 
trade  refuse  would  be  taken  to  one  place  and  dealt  with 
^11  together,  so  that  they  would  be  refally  separate 
sewers.- 

6330.  Would  your  view  be  that  the  manufacturers 
should  have  to  provide  that  sewer  for  themselves  ? — ^I  do 
not  thdnk,  sir,  it  will  ever  be  obtained!  unless  by  the 
Mc^oa  of  Parliament ;  as  General  Carey  has  said  it  will 
never  be  obtained  voluntarily. 

6340.  But  on  whom  ought  the  cost  to  fall — tiie 
manufacturers  or  the  district? — ^It  would  require  to  be 
considered  in  this  way :  in  districts  where  the  sanitary 
-authority  was  dealing  with  the  bulk  of  the  trade  refuse, 
in  these  ddstriots  there  might  be  certain  groups  where  it 
would  be  impossible  for  them  to  receive  "Sie  trade  refuse 
into  their  sewers.  In  such  cases  I  think  the  sanitary 
authority  might  be  at  the  expense  so  as  not  to  put  one 
set  of  their  manufacturers  in  a  -betteir  position  than  the 
•others,  but  speaking  generally  if  the  sanitary  authority 
wias  not  dealing  with  any  of  i^etxade  refuse,  in  that  dis- 
trict then  I  think  it  should  fall  upon  the  manufacturers. 
But  that  is  a  (juestion,  sir,  if  you  will  allow  me  to  suggest, 
the  Commission    should  carefully   consrder.     It  atfects 

'the  West  Riding  very  materially  indeed,  and  I  think 
some  kind  of  arrangement  of  thiis  sort  might  be  attained, 
that  the  sanitary  authorities  should  deal  with  the  trade 
refuse  in  their  districts  on  certain  conditions,  conditions 
-which  might  include  the  provision  of  preliminary  treat- 
ment to  remove  the  deleterious  matters,  and  which  also 
might  include  the  demand  of  an  extra  rate  of  some  kind 
frcon  the  manufacturers.  I  believe  many  of  the  manu- 
facturers would  be  glad  to  do  that  ;  they  have  expressed 
that  view  to  me. 

6341.  {Colonel  Harding.)  1  am  afraid  I  led  you  away 
from  the  answer  you  were  going  to  give.  If  you  could 
briefly  give  us  the  headings  of  one  or  two  of  these 
regulations  ? — ^I  have  here  regulations  adopted  by  the 
Borough  of  Keighley,  by  the  Urban  District  of  Liver- 
sedge,  and  by  the  City  of  Leeds  for  the  preliminary 
treatment  of  trade  refuse  before  they  are  prepared  to 
receive  it  into  the  public  sewers.    It  may  suffice,  sir,  if 

T  run  through  those  drawn  up  by  the  Borough  of 
Keighley,  and  I  should  say  that  in  Keighley  all  the 
manufacturers  have  complied,  or  are  carrying  out  works 
to  comply  with  these  conditions,  and  are  connecting  up 
to  the  sewers. 

6342.  {Mr.  Fower.)  All  of  them  ?— All  of  them.  The 
first  is  as  to  volume,  that  is,  the  volume  is  to  be  re- 
duced as  far  as  possible  by  keeping  condensing  water 
and  surface  water  out  of  the  drains.  The  second  is 
that  all  trade  waste  waters  except  suds  are  to  be  passed 
through  coke  filters  on  the  downward  and  upward 
principle.  The  third  is  as  to  tiie  treatment  of  suds, 
that  suds  shall  in  all  cases  be  treated  for  the  removal 
•of  grease,  and  they  have  added  to  that  since  this  was 
drawn  up  that  the  effluent  from  the  seak  plant  for  the 
removal  of  the  grease  is  to  be  filtered  before  it  is  passed 
into  the  sewers. 

6343.  One  moment,  then ;  the  several  methods  ot 
treatment — are  they  to  obtain  the  approval  of  the  Sani- 
tary Authority? — These  are  conditions  drawn  up  by 
the  Sanitary  Authority,  and  given  to  their  manufac- 
turers. 

6344.  They  say  do  this,  but  the  exact  method  that 
they  shall  adopt,  is  that  subject  to  the  approval  of 
the  Sanitary  Authority  ? — No,  it  is  left  to  themselves  ; 
but  practically  in  Keijifhley  it  is  approved  by  the  Sani- 
4ary  Authority,  because  the  work  has  been  left  in  the 
hands  of  the  boiough  engineer. 

6345.  There  is  uniformity,  then,  of  method  in  each, 
particular  instance? — Practically,  in  this  casa  The 
time  of  discharging  is  to  be  regulated  by  the  Corpora- 


tion, that  all  the  trade  waste  waters  shall  not  discharge 
into  the  sewers  at  the  same  time.  "  A  manhole  or  other 
opening  shall  be  provided  to  the  satisfaction  of  the 
Corporation  on  the  line  of  drain  between  the  mill  and 
the  Corporation  sewer,  and  the  officers  of  the  Corpora 
tion  shall  have  the  right  to  take  samples  at  this  point, 
and  to  inspect  the  tanks,  at  any  reasonable  time.  B^ 
fore  commencing  any  works  for  the  treatment  of  trade 
waste  waters  plans  shall  be  submitted  to  the  Corpora- 
tion for  their  approval.  In  the  event  of  any  of  the 
foregoing  conditions  and  regulations  not  being  com- 
plied wijbh  the  liberty  to  discharge  trade  effluents  into 
the  Corporation  sewers  shall  be  ipso  facto  suspended." 
There  are  many  other  districts  in  the  West  Riding 
where  similar  regulations  have  been  drawn  up  and  are 
being  carried  out. 

6M6.  {Colond  Harding.)  Then  I  take  it  that  these 
jegulations  are  really  only  practicable  where  a  town 
has  a  special  water  supply,  and  where  the  manufacturer 
does  not  draw  directly  from  the  stream  ? — Or  in  otlier 
cases  where  the  water  used  by  the  manufacturers  may 
be  drawn  from  a  large  stream  and  discharged  into  tiie 
same  stream  again  through  the  Sanitary  Authority's 
sewage  works  before  anybody  is  affected  by  the  loss  of 
the  water. 

6347.  Then  where  such  arrangements  can  be  made 
between  the  Local  Authority  and  the  manufacturers  i'> 
secure  the  partial  treatment  of  sewage,  what  is  aimed 
at  is  not  complete  purification,  of  course ;  the  effluents 
passing  into  the  sewers  are  to  a  certain  extent  objec- 
tionable?— Oh,  certainly. 

6348.  But  you  get  final  results,  after  treatment  by 
the  Local  Authority,  much  better  than  you  would  get 
if  you  were  merely  doing  it  with  the  individual  manu- 
facturer?— ^Much  better. 

6349.  So  that,  speaking  generally,  you  favour  that 
arrangement  ?— -Certainly ;  what  is  aimed  at,  I  think, 
is  merely  the  removal  of  deleterious  matters  from  the 
trade  refuse. 

6360.  (Mr.  KiUick.)  You  are  of  opinion  that  sndx  an 
arrangement  is  better  both  for  the  manufacturers  and 
for  the  authorities  ? — ^I  am  looking  at  it,  sir,  from  the 
point  of  view  of  the  river  only ;  it  is  very  much  better 
for  the  river,  and  certainly  very  much  better  for  the 
manufacturer. 

6351.  {Colonel  Harding.)  It  is  better  for  the  Bivers 
Board  ?— Much  better  for  the  Rivers  Board. 

6352.  The  detail  of  their  supervision  to  deal  with 
the  Local  Authority,  and  not  with  the  50  manufac- 
turers ? — That  is  80,  sir. 

6353.  Just  one  q^uestion  more.  I  was  speaking  to 
you  about  the  possible  nuisance  arising  from  tiie  treat- 
ment of  sewage  upon  sewage  farms.  Do  you  not  think 
that  the  admixture  of  trade  refuse  to  some  extent  re- 
duces the  probability  of  nuisance,  partly  by  dilution 
and  partly  the  introduction  it  may  be  of  antiseptic 
matters  into  the  sewage — that  t^e  introduction  of  trade 
effluents  into  a  sewage  to  some  extent  reduces  the  pro- 
bability of  nuisance  arising  in  the  treatment  of  such 
sewage? — ^It  does,  sir. 

6354.  Have  you  not  been  struck,  for  instance^  in 
noticing  the  large  volume  of  sewage  at  Leeds,  with  the 
comparatively  small  nuisance  that  arises  in  connection 
with  its  treatment,  even  in  the  old-fashioned  way? — 
It  depends  entirely  upon  the  nature  of  the  trade  refuse. 
In  cases  where  there  is  a  large  mixture  of  refuse  from 
dye  works  that  is  so,  but  in  cases,  on  the  other  hand, 
where  you  have  a  large  admixture  of  refuse  from 
breweries  and  tanneries,  it  is  quite  the  opposite ;  the 
nuisance  is  very  much  increased.  There  are  several 
sewage  works  in  the  West  Riding  where  t&e  refuse 
from  breweries  and  tanneries  is  mixed  with  domestic 
sewage  without  proper  preliminary  treatment^  and 
where  nuisance  does  arise. 

6355.  (Chairman.)  Well,  now,  can  you  give  us  the 
worst  case  of  that  going  on  to  land  ?— I  think  probably 
from  a  brewery  the  worst  case  is  in  Lemonroyd,  in 
Rothwell  Urban  District,  where  the  brewery  refuse  is 
in  excess  of  the  domestic  sewage. 

6356.  And  that  goes  on  the  land?— It  is  treated 
chemically  through  tanks,  and  then  goes  on  to  land. 

6357.  And  does  that  cause  any  nuisance  on  the  land  T 
— Tes. 

6358.  It  does  ? — ^It  is  very  offensive. 

6350. (  Mr.  Power.)  After  the  chemical  precipitation? 
— ^After  the  chemical  precipitation. 

6360.  (Chairman.)  And  does  the  land  purify  it  ulti- 
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mately  ? — No  ;  the  effluent  is  very  frequently  unsatiA- 
factory. 

636L  And  is  it  suitable  land? — ^It  is  suitable  land. 
I  do  not  think  the  area  of  land  is  sufficient  for  the 
amount  of  mixed  trade  xefuse  and  sewage. 

6362.  {Mr,  Power.)  But  in  that  instance  the  brewery 
letuse  is  in  volume  in  excess  of  the  sewage  ? — ^In  excess 
cf  the  sewage. 

6363.  Considerably  in  excess? — ^I  should  say  con- 
siderably in  exeess ;  I  have  not  the  figures  by  me,  but 
I  should  say  it  is  considerably  in  excess.  There  is 
another  oaee  in  Queensbury  Urban  Distzdot,  and 
complaints  have  been  made  from  time  to  time  of  the 
smells  arising  from  the  sewage  works,  which  the  Sani- 
tary Authority,  at  least,  put  down  to  the  brewery 
refuse  mixed  with  their  sewage,  <and  in  that  case  the 
sewage  is  treated  by  chemical  precipitation,  and  passed 
on  to  land  areas,  and  the  effluent  is  usually  satisfac- 
tory. They  have  a  much  larger  area  of  land  in  pro- 
portion in  that  case. 

6364.  (Chairman.)  And  the  land  purifies  that? — ^It 
purifies  it. 

6365.  (Colonel  Harding.)  Then  does  iHie  nuisance 
arise  from  the  solid  deposit  in  the  tanks? — I  think, 
bo  far  as  I  can  gather,  the  nuisance  arises  from  the 
putrefaction  of  the  sewage  in  the  settling  tanks. 

6366.  (Chairman.)  In  both  cases? — In  both  oases 
ohiefly.  In  the  Lemonrc^  oase  it  also  arises  because 
the  land  gets  sewage  sick,  and  the  tank  effluent  is 
ponded  up  on  the  surface  of  the  land  and  putrefies 
there. 

6367.  There  is  a  nuisance  really  on  the  land  itself? 
— ;There  is  a  nuisance  really  on  ihe  land  itself. 

6368.  (Colonel  Harding,)  Due  to  the  too  small  area? 
— ^Due  to  the  too  small  area.    ^ 

6360.  (Chairman,)  What  size  is  that  farm  ? — ^I  think 
my  Lord,  the  best  instance  of  tiiat  to  be  obtained  any- 
where is  at  Burton-on-Trent,  where  they  have  a  very 
large  area,  and  where  there  is  still  an  unsatisfactory 
state  of  matters. 

6370.  (Major-Generai  Carey.)  Where  there  is  a  very 
large  volume  of  brewery  refuse? — Where  there  is  a 
yery  large  volume  of  brewery  refuse.  Lichfield  is  another 
place  where  they  have  a  very  large  volume  of  brewery 
refuse,  and  where  they  have  a  bad  state  of  affairs  by 
land  treatment,  but  now  are  dealing  with  the  refuse 
by  filtration  thorough  ooal,  and  psKKlucing  a  remarkaibly 
^ood  effluent.  I  find,  adr,  the  Land  area  I  can  give  you 
IS  perhaps  a  little  misleading;  there  are  practically 
two  sewage  works  at  Lemomvyd  in  the  Bothwell  Urbaii 
District ;  on  one  of  them  the  sewage  is  purely  domestic ; 
they  adjoin  one  another,  and  the  effluent  from 
that  portion  is  usually  satisfactory.  On  the  other  the 
bulk  of  the  sewage  is  from  the  brewery,  and  the  effluent 
is  generally,  or  very  frequently,  unsatisfactory,  and  a 
nuisance  does  arise ;  but  I  have  the  acreage  all  in  one 
figure;  there  is  a  population,— the  numiber  of  houses 
drained  to  those  two  sewage  works  is  1,706 ;  the  total 
area  of  land  is  20  acres,  18  cf  which  are  avaid«lble  for 
sewage  treatment. 

# 

6371.  (Chairman.)  Then  do  the  two  kinds  of  sewage 
go  on  to  the  land  together? — ^There  is  an  ad^nixturs, 
yes. 

6372.  There  are  two  different  sewage  works,  bat 
the  effluent  from  both  goes  on  to  the  same  laad. 
Is  that  it  ? — ^The  areas  of  land  adjoin,  but  the  brewery 
refuse  is  discharged  into  a  public  sewer  receiving 
sewage  from  one  part  of  the  district,  and  discharging 
into  one  set  of  tanks  the  mixed  brewery  refuse  and 
house  sewage.  The  bulk  of  the  house  sewage  dis- 
charges into  another  set  of  tanks  and  goes  on  to 
another  set  of  areas  of  land. 

6373i  Oh,  I  see,  then  the  20  acres  takes  bothf— 
Takes  both. 

6574b  But  you  do  not  exactly  know  how  they  are 
divided? — ^I  cannot  give  it  you  now;  I  have  only  the 
two  together  here,  I  find. 

6376.  (Major-General  Carey,)  Where  the  conditions 
of  a  sewage  farm  are  satisfactory  both  as  regards  area 
and  character  of  subsoil,  would  you  consider  that  good 
management  was  absolutely  necessary  to  success  f— 
Oh,  certainly. 

6376.  After  all,  on  it  readly  depends  whetiber  the 
affluent  is  satisfactory  or  not  ?— Hiertainly  good  manage- 
nicpnt  is  half  the  battle.  Even  with  a  bad  sewage 
farm  good  management  can  produce  remarkable  results. 
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6377.  But  the  land  can  recover  itself  with  certain 
intervals  of  rest  ?— Certainly. 

6378.  Have  you  had  sufficient  experience  of  biologioal  it.i>^'.9c, 
filters  to  say  whait  ds  the  result  of  mismanagement? —  i^notTimo. 
From  the  expenienoe  I  have  had  of  them  it  seems  to  me     — 1- 
very  probable  that  if  biological  filters  aire  put  into  the 

hands  of  the  ordinary  sewage  farm  manager  they  will 
from  time  to  time  be  misused,  as  sewage  farms  have 
been,  and  if  they  are  misused  they  will  get  sewage 
sick,  and  will  not  recover  themselves  nearly  so  easily 
as  land  areas.  In  fact,  they  get  clogged  up,  and  will 
have  to  be  renewed  entirely. 

6779.  And  that  would  be  a  very  costly  business^ 
A  very  costly  operation. 

6380.  Ovring  to  the  quantity  of  material  required? — 
Another  point  from  my  own  aspect  of  the  question,  if 
bacterial  filters  are  misused  they  immediately  give  a 
bad  effluent ;  if  land  is  misused,  it  does  not  neoessaiily 
mean  that  you  get  a  bad  efflu^it,  but  rather  more  it 
means  that  the  land  becomes  clogged  up,  and  ceases  to 
give  the  effluent ;  the  sewage  will  not  pass  through  it. 

638L  Still  the  sewage  could  be  put  upon  that  land, 
whereas  the  filters,  the  moment  they  become  clogged, 
would  become  useilese? — ^Well,  the  land  too,  if  it 
became  clogged,  would  not  allow  the  sewage  to  pass 
through  it. 

6382.  (Chairman.)  Have  you  any  experience  of  sew- 
age which  goes  into  tidal  rivers  or  the  sea? — None  of 
ihe  sewage  goes  into  the  sea  in  the  West  Biding, 
and  in  the  case  of  the  tidal  rivers  our  direct  poUutions. 
are  very  small,  compared  with  the  pollutions  that 
come  down  from  above.  All  our  large  towns  and 
populous  districts  are  inland,  and  their  sewage  is 
discharged  into  inland  waters  and  carried  down  into* 
the  tidal  reaches. 

6383.  Then  you  would  not  care  to  speak  much 
upon  that  point? — No,  my  lord,  no,  beyond  what  I 
have  said  X  have  no  direct  experience.  I  have,  of 
course,  in  other  posts  had  to  do  with  the  discharge  of 
sewage  both  into  the  sea  and  into  tidal  ri<ver8u  One 
case  lately  I  have  had  to  so  into,  the  dischaige  of  tiie 
sewage  of  Dumfries  and  Maxwelltown,  in  Scotland^ 
into  the  Biver  Nith,  water-closet  sewage  with  all  the 
excreta  and  some  trade  refuse  as  well,  and  the  results, 
there  were  very  bad  indeed. 

6381  (Major-General  Carey,)  Was  the  sewage  dis- 
charged in  that  case  on  the  ebb  tide  or  at  all  times?— 
At  aU  times,  at  the  v^ry  hdghest  point  to  which  the 
tide  ran. 

6366.  Then  in  that  case  the  sewage  would  be  always 
in  a  state  of  oscillation  on  the  flood  and  ebb,  and 
practically  never  leaving  the  place?— -That  was  found 
to  be  so  from  various  experiments,  and  the  solids 
were  greatly  deposibed  in  banks  and  in  the  bed  of  the 
stream.  I  might  instance,  sir,  one  case  I  know  where 
the  sewage  of  Sunderland  discharging  into  the  sea 
certainly  comes  back  to  some  extent,  and  the  solids 
are  deposited  on  the  shore.  That,  I  fancy  would  be 
found  to  be  the  case  in  a  great  many  seaside  places. 

6366.  (Mr.  Power.)  That  is  crude  sewage  ?---That  is 
crude  sewageu 

6387.  (Major-General  Carey,)  That  would  not  happenr 
if  the  sewage  were  dischaiged  on  the  strongest  part 
of  the  ebb  and  the  curront  caxided  it  right  aiway  fiom- 
the  place? — It  would  depend  entirely  upon  the  direc- 
tion And  fbrce  of  that  current. 

6388.  (Mr.  Power.)  But  is  it  discharged  into  the 
sea  or  into  the  Wear?— /Hie  bulk  of  it  is  discharged 
into  the  sea ;  some,  I  have  no  doubt  is  discharged  into 
the  Wear. 

638&  (Cciond  Harding.)  Perhaps  the  Chairman; 
would  aflow  me,  if  we  have  finished  with  the  question 
of  land  treatment,  to  take  the  opportunity  of  asking 
Dr.  Wilson  whether,  as  far  as  he  knows,  there  are 
any  important  experiments  or  works  being  carried  on 
in  the  West  Hiding  connected  with  artificial  filtration, 
beyond  those  at  Ijeeds,  that  should  receive  our  atten- 
tion. I  think  Sheffleld  is  doing  a  ffood  deal  in  that 
way?— Sheffield  has  had  for  a  considerable  time  some 
contact  beds  dealing  with  a  fairly  large  volume  of 
their  sewage. 

6390.  Will  you  tell  us  from  the  analyses  you  have 
Dtade  what  are  the  results  which  have  been  obtained 
at  Sheffield  ? — ^The  results  have  been  very  good  indeed  % 
the  effluent  from  the  biological  treatment  of  the 
Sheffleld  sewage  is  one  of  the  best  we  have  had,  and 
consistently  good,  but  I  am  unable  to  say  as  to  the 
length  of  life  of  the  filters  at  Sheffield. 
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Dr.  H.         6391.  They  have   not,   I  think,   taken  any   careful 
i^jjjjj      observations  ?— They  have  no  careful  enough  observa- 
I.B.,  B.8C.   tions. 

NotTiooo.  6302.  But  beyond  Leeds  and  ShefiGLeld,  have  you 
— '—  within  your  area  any  important  works  on  artificial 
filters  that  should  receive  our  attention? — ^I  think  not, 
9ir;  there  are  a  great  many,  but  they  are  all  small, 
and  I  do  not  think  you  could  learn  any  more  from 
them  than  you  could  learn  at  Leeds  and  Manchester. 

6393.  Just  one  point  as  to  'Morley ;  I  think  at  Mor- 
ley  they  tried  continuous  filtration  of  their  sewage, 
which  contains  a  great  amount  of  greasy  matter,  and 
I  understand  they  failed? — It  was  an  utter  failure. 

6394.  Can  you  tell  us  anything  about  tbat  failure 
and  how  it  came  about,  and  how  the  experiment  was 
<»rried  out^—They  carried  it  out,  sir — ^the  apparatus 
was  Wihittaker  and  Bryant's. 

6396.  Was  it  a  coarse  filter? — It  was  of  coarse 
material. 

6396.  And  was  the  sewage  poured  by  means  of  a 
sprinkler? — ^And  pumped  by  a  pulsometer. 

6397.  What  was  it  they  put  upon  the  filter?— They 
had  an  open  septic  tank,  I  think  of  a  capacity  equal 
to  a  day's  flow  of  the  sewage  passing  through  it ;  they 
pumped  the  effluent  from  that  by  a  pulsometer,  and 
distributed  it  by  a  sprinkler  on  the  top  of  the  filter. 

6398.  Kow  ffive  us  the  story? — ^The  effluent  was  al- 
most unilormly  bad.  We  had  once  or  twice  samples 
taken,  and  I  saw  it  once  or  twice,  and  the  district 
inspector  reported  it  several  times,  and  I  may  say  it 
was  almost  uniformly  bad. 

6399.  And  did  they  work  it  at  a  proper  speed  of 
flow? — I  believe  so.  I  believe  they  were  advised  in 
the  matter  by  Whittaker  and  Bryant ;  I  understood  so. 

6400.  Whsit  did  you  ascribe  iihe  fiailufre  to  in  thai 
particular  case? — I  think  entirely  to  the  kind  of  sew< 
ageu  They  found,  for  instance,  that  the  septic  tank 
sludged  up  very  rapidly.  In  Morlev  the  bulk  of  the 
manufacturers  are  already  connected  up  to  the  public 
sewers,  and  most  of  them  discharge  all  of  their  trade 
refuse  without  any  preliminary  treatment,  solids, 
grease,  impurities  of  all  kinds,  directly  into  the  sewers, 
with  a  very  large  amount  of  fibre.  You  are  aware,  sir, 
that  at  Morley  the  bulk  of  the  trade  is  that  of  shoddy 
manufacture,  and  from  that  a  large  amount  of  fibrous 
matter  is  discharged  with  the  trade  refuse.  These 
matters  sludged  up  the  open  septic  tank  very  rapidly 
indeed. 

640L  But  how  did  that  act  on  the  filter?— The  filter 
did  not  give  good  results,  I  think,  probably  because 
so  many  solids  went  through  upon  it,  and  perhaps 
also  because  some  of  these  kinds  of  trade  refuse  may 
have  had  an  antiseptic  effect,  but  they  had  no  de^ite 
•experiments,  no  series  of  analyses  made  to  show  any- 
thing of  that  kind. 

6402.  In  fact,  there  are  no  scientific  data  in  regard 
to  that  ezi)eriment  to  guide  us?— I  am  afraid  not,  sir, 
beyond  the  general  fact. 

6403.  Beyond  the  fact  that  it  failed?— That  is  so. 

6404.  {Major-General  Carey.)  What  is  Bradford 
•doing,  do  you  know  ?— Bradford  at  present  is  construct- 
ing a  set  of  settling  tanks.  They  have  constructed  ^ 
set  to  deal  with — ■!  forget  the  figures  at  present — ^with 
a  small  proportion  of  their  sewage,  and  they  are  going 
on  constructing  their  tanks.  They  have  also  been 
•carrying  out  some  experiments ;  they  have,  for  instance, 
at  present  an  open  septic  tank  running  into  a  small 
«oal  filter,  and  they  have  tried  some  exTieriments  in 
different  methods  of  precipitation,  but  the  bulk  of 
the  Bradford  sewage,  sir,  is  discharged  into  the  streamn 
untreated. 

6405.  They  have  not  arrived  at  a  satisfactory  solu- 
tion?— Oh,   no.  they  have  not. 

6406.  Was  it  not  found  at  the  Bradford  sewage  works 
thai  the  filtration  process  following  upon  their  chemical 
treatment  was  not  effective — ^produced  very  little  im- 
provement in  the  effluent  ?^At  times,  sir,  at  times  ac- 
oodrding  to  the  precipitant  they  were  using  they 
produced  an  acid  tank  effluent,  and  of  course  the  tank 
effluent,  being  acid,  was  scarcely  capable  of  improve- 
ment by  filtration. 

6407.  And  it  was  found  in  fact  that  it  was  not  so 
improved? — ^Not  much  improved,  but  at  other  times, 
when  they  were  using  another  kind  of  precipitant,  and 
not  producing  an  acid  effluent,  there  was  a  distinct  im- 
provement. 

6408.  It  is  possible  the  same  causes  were  at  work  at 


Morley  as  at  BisAford  ?— Quite  so  ;  something  may  have 
been  in  the  sewage  which  had  an  antiseptic  effect  I 
should  add  that  Bradford  Corporation  are  to  have  a 
Bill  in  Parliament  this  year  for  the  acquisition  of  a 
large  site — ^ths  Mass  acf  they  went  for  before. 

6409.  (Major-'Oeneral  Carey.)  That  th^  oonsideir  ab- 
solutely necessary  for  the  purification  of  their  sewage? 
—Yes. 

6410.  (Mr.  Power.)  I  should  like  to  go  into  the 
question  of  the  amount  di  sewage  that  i^y  be  expected 
at  the  ou/tfall  works:  you  were  telling  us  that  the 
newer  works  at  the  West  Biding  are  constructed  to  deal 
with  six  times  the  diy  weather  flow?— l^t  is  so. 

6411.  And  that  the  weir  on  the  outfall  came  into 
operation  when  the  sewage  was  diluted  with  five  times 
the  dry  weatber  flow  of  storm  water? — Yes. 

6412.  Could  you  get  aliy  record  as  to  how  much 
sewage  and  stonn  water  ^iwed  over  the  weiz  during 
the  whole  24  hours,  and  how  many  houis  it  overflowed 
continuously— I  am  afraid  thero  is  no  sooh  record 
available,  sir,  as  far  as  I  know.  £  could  obtein.  it  by 
setting  inspeotorB  to  watch  by  the  pemiasaion  of  the 
aaniiibary  authority. 

6413.  It  would  have  to  overflow  during  the  whole 
24  hours,  would  it  not,  to  get  down  to  the  works  six 
times  volume  of  the  dry  weather  flow? — Quite  so. 

6414.  If  you  could  get  the  number  of  hours  during 
which  in  any  24  hours  the  weir  overflowed,  we  might 
obtain  in  thiat  way  an  indication  of  the  probable  amount 
that  came  down?— To  get  any  reliable  information  on 
that  podnt,  sir,  a  very  detailed  and  accurate  series  of 
measurements  would  have  to  be  made.  In  the  first 
place  the  fixing  of  these  storm  overflows  is  theoretical. 

6415.  I  am  speaking  of  the  outfall  of  tlie  newer  class 
of  sewers  now? — ^Even  of  the  newer  works  it  is  theo- 
retical, and  the  actu&l  flow  would  have  to  be  gauged 
for  a  considerable  time  before  you  would  be  able  to 
say  that  six  times  the -dry  weather  flow  was  coming 
down  in  the  sewers.  Even  the  dry  weather  flow  in  this 
case  is  theoretical ;  it  is  taken  as  an  estimate  usually 
upon  the  population. 

6416.  That  is  the  point ;  you  mean  the  dry  weather 
fiifw  is  generally  an  estimate,  and  upon  that  estimate 
the  capaoiity  of  the  sewer  is  determined  and  the  over- 
flow weir  is  fixed  ? — TJiat  is  so.  As  a  general  thing  I 
should  say  the  actual  dr^  weather  flow  does  not  cor- 
respond very  generally  with  the  estinurted. 

6417.  Is  it  less  or  more  ?— Sometimes  less,  sometimes 
more  ;  in  cases  where  old  sewers  are  left  in,  generally 
more,  because  of  subsoil  getting  into  the  sewers.  In 
cases  where  the  subsoil  water  is  rigicTly  kept  out  of 
the  sewers  it  is  probably  less,  because  as  a  rule.  I 
think,  there  is  not  that  amount  of  water  from  a  public 
water  supply  used  which  is  generally  credited. 

6418.  Which  is  estimated? — Yes,  which  is  estimated. 
I  do  not  think  it  is  probably  worfh  your  while  listening 
to  it,  but  I  ddd,  as  I  promised,  put  together  some  T^ibles 
with  regard  to  the  sewage  works  in  the  West  Riding 
and  the  acreage  per  tlKnisand  persons ;  but  I  must 
confess  I  have  been  myself  unable  to  draw  any  verv 
definite  conclusions  from  them,  so  that  probably  it 
would  not  be  worth  while. 

6419.  (Coiond  Harding.)  You  do  not  think  that  any 
general  answer  of  a  useful  character  can  be  given  to 
the  question  ? — The  whole  thing  is  so  complicated,  and 
there  are  so  few  scientific  observations  on  the  matter 
that  I  feel  myself  unable  to  express  any  opinion. 

6420.  All  you  could  do  would  be  to  say  that  in 
certain  cases  good  results  are  obtained  'from  land  treat- 
ment working  at  certain  rates  of  gallons  per  acre? — ^I 
could  only  give  you  that  in  certain  cases  good  results 
are  obtained  and  in  certain  cases  bad  results. 

6421.  Have  you  any  typical  case  you  would  like  to 
bring  before  us  ? — I  do  not  think  so  ;  I  do  not  think 
it  would  serve  any  useful  purpose,  sir.  I  got  out  the 
information.  I  have  all  those  Tables  here.  What 
I  proposed  doing  if  you  had  requested  it  was  to  put 
in  these  Tables  and  to  state  that,  for  instance,  in  the 
case  of  broa<1  irrigation  I  have  given  six  farms  with  the 
kind  of  soil,  the  po()ulation,  the  dry  weather  flow,  as 
nearly  as  I  can  get  it,  and  a  general  statement  <^  the 
results,  that  they  are  generally  satisfactory,  then  give 
the  area  for  a  thousand  persons,  and  to  say  that  the 
smallest  area  giving  a  satisfactory  result  is  such  and 
such  a  figure. 

6422.  I  suggest.  Lord  Iddesleigh,  that  it  would  be 
useful  for  the  tables  to  be  put  in. — 

6423.  (Chairman.)  Yes ;  I  should  think  they  might 
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bel — I  have  found,  sir,  if  I  may  say  so,  a  difficulty 
in  dividing  the  soils.  It  seems  to  me  to  be  pretty 
•difficult  to  say  what  is  loam  and  what  is  clay,  and  the 
other  Tsrieties  of  sofls ;  I  have  done  them  asaociiFatoly 
•ae  I  could.    That  sample  is  a  very  typical  instance  of 


to  be  met  with  in  the  West  Hiding ;  1  hare  a  very 
great  number  of  farms  of  that  kind. 

(Colonel  Harding,)  It  seems  to  me  a  number  of  sec< 
iions  of  typical  soils  would  be  very  useful. 


Dr.H, 
MeL. 

x.D.,  B.8e. 

M  XOT.  1900. 


BROAD  IRRIGATION  AFTER  CHEMICAL  PRECIPITATION. 


AcBEAOE  used  for  Sewage  Tbeatment. 


Name. 


Area 

in 
Acres. 


SoU. 


Population. 


Dry 

Weather 

Flow. 


KesuItH. 


Area 
per  1,000 
PerHOos. 


Ben  Khydding,  Ilkley  - 
Rawclon  .        -        -        - 

Seilbersh        -        -        .        - 
Wronthorpe,  Stanley    - 
Woi  cley  Rural  (Ecclesfield)  - 

Soap  House  Lane,  Wood  house 
Soap  House  Lane,  Woodhouse. 

Aim 

Handsworth  ...        - 
Elsecar,  Hoyland  Nether 
Ravensthorpe 

Hemisworth  ■  -  -  - 
Kinsley,  Hemsworth  Rural  - 
•Great  Houghton,  Hemsworth 
Rural  -  -  -  - 
Kippax,  Tadcaster  Rural 


6 

12 

1 

4 

3i 

4i 

IJ 
2 

11 

6i 
3 

4 


Alluvial  silt 


Sand  and  gravel    • 
Loam  on  clay  subsoil 


n 


» 


Clay 


Sand  and  gravel 
Clay 


n 


»» 


Loam  on  clay  subsoil 


1,000  with  w.c's 
3,077       - 
1,500  with  w.c's 
6,670       - 
4,000 

2,900 

1,250       - 
1,176       - 
13,000 
6,600 
2,446       - 
MO 

666 
2,796 


Gallons. 

50,000 
30,000 
90  000 
60,000 

34,800 

15,000 
14,100 

160.000 


13,000 


I 


(lenerally 

sattHfactoiy 


Generally 
unsatis- 
factory 


6  acres. 
32  „ 
2i  „ 

^  an  acre. 

^  of  an  acre. 

li  acres. 

1  acre. 
1^  acres. 
I  of  an  acre. 
1  acre. 

1  „ 
2^  acres. 

24 


11 


19 


»f 


INTERMITTENT  FILTRATION  AFTER  CHEMICAL  PRECIPITATION. 


AcBEAGE  used  for  Sewage  Treatment. 


Name. 

Area 

in 
Acres. 

SoiL 

Population. 

Dry 

Weather 

Flow. 

Results. 

Area 
per  1,000 
Fersons. 

The  Fall,  Ardsley,  East  and 

West 

Lemonroyd,  Rothwell  - 
Thomhill       .       -       -        - 
Thurlstone    -        -        -        - 

Hoyle  Mill,  Ardsley      - 

4 

18 

7 

6 

1 

Loam  on  clay  subsoil 
Alluvial 

i»       •        •        - 
Loam  on  clay 

Alluvial 

1,900       . 

8,640 

8,500  with  w.c's 

2,000 

1,000 

Gallons. 
36,430 

200,000 
80,000 

3,500 

y   Generally 
satisfactory  1 

Generally 
unsatisfactory. 

2  acres. 

2  „ 

3  roods. 
3  acres. 

1  acre. 

BROAD  IRRIGATION  AFTER  CHEMICAL  PRECIPITATION  AND  FILTRATION. 


Acreage  used  for  Sewage  Treatment. 


Name. 

Area 

in 
Acres. 

Soil. 

Population. 

Dry 

Weather 
Flow. 

Results. 

Area 
per  1,000 
Fersons. 

Thornton 

Conisbro',  Doncaster  Rural  - 

Canklow,  Rotherham  Rural  - 

Rawmarsh     -        -        -       - 

2 

24 

14 

8 

Loam  on  clay 

»» 
Deposited    soil   on 
clay  subsoil. 

Clay       - 

4,000       - 
9,280       - 
1,200       - 

13,340  with  w.c's 

Gallons. 

120.000 

855,000 

24,360 

250,000 

Generally     J 
satisfactvry  " 

Generally 
unsatisfactory. 

4  acre. 

i   M 

4    . 
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Name. 


Doncaater  (Sandall) 
Dewabury 


Balby    .... 
Gisbam,  Bowland  Rural 

Smalley  Bi^lit,  Stanley 
Knaresborough 

Barnsley 

Castleford 

Mirfield 

Skipton  (with  trade  refase) 
Aoomb,  Great  Ousebum 


BROAD  IRRIGATION— ARABLE  LAND. 
AcBEAOE  USED  for  Sewaoe  Tbeatment. 


Area 

in 
Acres. 


Soil. 


237 
73 


10 

4 

12 
10 


55 

11 

25 

50 
9 


Sandy  soil  and  nab- 

soil. 
Sandy       allavinm 

witli  giavellysub- 

Doil. 
Loam 
Sandy  soil,  gravelly 

subsoil. 
Alluvial  soil  - 
Alluvial  soil  - 


Alluvial    soil    and 

clay 
Loam  upon  stiff  clay 

subsoil. 
Alluvium  upon  clay 

subsoil. 
Loam      -        .        . 
Alluvium  upon  clay 

subsoil. 


Population. 


Dry 

Weather 
Flow. 


Results. 


Area 
TOrlOOO 
Fersons. 


32,000  withw.c's 
30,000withw.c.'8 


2,300 

444  with  w.c.'s 


8,000 
4,649 


40,000  withw.c's 

16,250      • 

10,000  withw.c's 

12,000  withw.c's 
2,181  withw.c's 


Gallons, 
640,000 

1,250,000 


3,000 
160,000 

1,250,000 
300,000 
150,000 

34,000 


\  Generally 
satisfactory  \ 


7^  acreB. 
21 


Generally 

)      unsatis-     ( 

factory 


li 
2 


i 

2J 

4 
4 


>> 


It 


ft 

ft 

ft 
ft 


BROAD  IRRIGATION— PASTURE  LAND. 
Acbeage  used  for  Sewaoe  Treatment. 


Name. 


Giggleswick,  Settle  Rural 
Settle    .... 


Doncaster  (low  pasture) 
Cleckheaton  (Scnoles)   - 

Oatlands,  Knaresboro  Rural- 

Dent,  Sedbergh  Rural  - 

High  Bentham,  Settle  Rural 

Wetherby  Rural    - 

Grreasboro      .        -        -        - 
Harrogate  (chiefly  pasture)  • 


Area 

in 
Acres. 


Soil. 


Population. 


Dry 

Weather 

Flow. 


34 

5 

100 
9 

11 
3 
5 

20 

34 
293 


Sandy  soil,  gravelly 
subsoil. 

Sandy  soil,  gravelly 
subsoil. 

Sandy  and  peaty   - 

Loam    upon     clay 
subsoil. 

Loam  upon     clay 
subsoil. 

Alluvium  upon  gra- 
velly subeoiL 

AUavfomnpongni. 
velly  subsoil. 

Alluvmm  upon  gra- 
velly subsoiL 


Loam    upon    day 

subsoil. 
Loam     upon    clay 

subsoil. 


786  - 

3,066 

4,000  with  w.c's 
1,700 

1,125  with  w.c  's 

283  - 

650  - 

2,000 


2,900 

20,000^       with 


Gallons. 
23,580 

480,000 

80,000 
30,474 

22,500 

1,250 


800,000 


Results. 


Area 
per  1000 
Persons. 


/ 


Grenerally 
>  satisfactory 


\ 


Generally 
unsatis- 
factory 


44  acres. 
14 


25 
5i 


It 

It 
It 


9f      It 

104 

9 
10 


tt 


It 


It 


1  acre. 
I44acrei. 


INTERMITTENT  FILTRATION. 
Acsbaoe  used  for  Sewage  Treatment. 


Name. 


Area 

in 
Acres. 


SoU. 


Population. 


Drv 

Weather 

Flow. 


Results. 


Area 
mr  1000 
Persons. 


Addingham,  Shipton  Rural  - 

Horbury        .... 
Keighley  (trade  refuse,  chiefly 
inter,  fit. ). 

Rlpon 

Pateley  Bridge 
Low  fiientham.  Settle  Rural  - 
Ingleton,  Settle  Rural  - 
Grargrave,  Skipton  Rural 
Oakworth      ,        ,        .        . 


Idle,  Bradford 

Glusbum,  Skipton  Rural 
Burley  .... 
Heckmondwike     - 


Karby,  Skipton  Rural  - 


114 
40 

84 

4 

14 

3 

4 

24 


8 

5 
6 

284 


Alluvium  upon  gra- 
velly subsoiL 


It 
It 

»« 

II 
II 
yy 
It 
» 


11 

II 
It 
♦» 
II 
» 
i> 


Loam    upon     clay 

subsoil. 
Alluvial  silt  - 


tt 


Loam    upon    clay 
subsoil. 


ft 


jt 


2,500 

6,500  with  w.c's 
25,000      - 

9,000  with  w.c's 

3,000 

596  - 

1,031 

1,296 

2,500  with  w.c's 


3,800 

1,942 
2,661 

11,000        with 
w.c's 
3,050 


Gallons. 


136,000 
780,000 

300,000 

20,000 
40,000 

318,744 


350,000 


/ 


> 


Grenerally 
satisfactory 


14  acres. 


Generally 
)     unsatis- 
factory 


/ 


If 
14 


tt 

It 


1 

tt 

IJ 

tt 

2i 

It 

21 

tt 

3 

tt 

1 

tt 

2 

tt 

2i 

tt 

2i 

»t 

24 

>t 

tt 


MINUTES  OF  EVIDENCE. 


351 


Mr.  GisojioE  Chattebton,  called ;  and  Examined. 


6424.  (Chairman,)  I  tzbink  I  have  the  pleasure  of 
.Bpeaking  to  Mr.  Chatterton ;  you  ars  a  member  of  ibg 
Institution  of  Qivil  Engineers  ?— I  aim. 

6425.  Would  you  give  us  your  opinion  as  to  whethor 
lands  of  all  kinds  when  used  alone  and  witii- 
•out  the  artificial  addition  of  chalk,  cinders 
or  other  material,  will  properly  puri'iy  dumes- 
tic  sewage  ? — I  should  say  no ;  I  should  say 
thAt  peaty,  boggy  land— all  land  so  situated  that 
the  level  of  the  subsoil  water  is  near  the  surface — that 
is  to  say  very  near  the  surface,  will  not  properly  purify 
domestic  sewage. 

6426.  Now  niav  I  ask  you  a  question  ;  what  is  your 
'definition  of  broad  irrigation? — Broad  ixcigation 
is  where  the  sewage  is  brought  down  in  an  entirely 
untreated  manner  without  any  tanks  whatsoever,  the 
solids  and  all  go  over,  and  the  farmer  or  the  sewage 
manager  spreads  that  over  the  surface  of  the  land  aa 
well  as  he  can  get  it  over  it,  and  he  goes  about  from 
plot  to  plot,  that  is  to  say  he  does  not  use  the  whole 
of  his  land  one  day,  he  uses  only  a  very  small  propor- 
tion of  it.  By  putting  as  mucb  of  the  sewage  over 
the  surface  of  the  land  as  he  is  able  to  do  by  his 
distributing  carriers. 

6427.  How  would  you  distinguish  between  broad  irri- 
gation and  intermittent  filtration  f-^I  say  the  line  of 
demarcation  depends  upon  the  nature  of  the  soil ;  yon 
cannot  help  ta  sewage  getting  through  a  very  porous  soil, 
and  in  that  way  the  line  of  demarcation  between  broad 
iingiation  and  filtmtliioin  is  not  very  dMmdb, 

6428.  The  difference  is  not  very  great? — ^It  is  not 
very  great. 

6429.  {Major-Genercd  Carey.)  But  if  the  land  without 
filtration  is  laid  out  in  plots,  would  it  not  take  out  a 
much  larger  quantity?— It  would  undoubtedly,  because 
the  surface  is  laid  out  better. 

6430.  I  am  assuming  it  is  laid  out  in  plots  and 
underdrained  ? — X  am  very  much  afraid  of  muleirdraina 
myself. 

6431.  Even  when  the  land  is  prepared  in  plots  ? — I  am 
very  much  afraid  of  putting  sewage  direotly  over  an 
underdraan ;  but  you  must  hiaive  sufficient  undecdndne. 
so  as  to  keep  the  level  of  the  subsoil  water  down,  ana 
io  keep  your  land  always  sweet. 

6432.  (Chairman,)  What  kinds  of  land  would  you 

consider   unsuitable   for   intermittent   filtration? — Any 

•clay  soil  or  any  stiff  impervious  clay,  and  certainly  of 

course,  as  I  have  mentioned  before,  t&e  peaty  boggy 

•oik. 

6433.  Oould  you  mention  ftny  case  where  you  found 
clay  land  unsuitable? — ^Yes  ;  there  is  a  place  not  very 
far  from  London— Wimbledon — which  originally  was  a 
stiff  clay,  and  there  was  an  attempt  made  to  turn  that 
into  a  downward  intermittent  filtration  area,  and  I 
have  no  doubt  Mr.  Willis  has  got  the  plan?  of  the 
Local  Government  Board  1876  Beport,  the  BawHnson  and 
Iftead  reposi,  and  he  will  see  pJame  No.  15  and  14 ;  they 
give  the  most  elaborate  system  in  which  that  land  was 
laid  out  The  result  of  it  was  an  absolute  failure^  The 
sewage  went  over  the  surface  of  the  clay  and  went 
straight  down  through.  There  was  a  trench  cut,  pro- 
bably 6ft.  deep,  and  about  2ft.  6in.  to  3ft.  wide  at 
the  top,  and  in  the  bottom  <y:  that  was  laid  the  sub- 
pipe  for  carrying  off  the  effluent.  It  was  then  filled  up 
with  burned  ballast.  The  result  of  it  was  that  the 
sewage  flowed  over  the  surface,  went  down  this 
trench  into  the  subsoil  drain,  and  came  out — 
well,  when  I  saw  it  on  many  an  occasion  it 
was  worse  than  when  it  went  down  almost,  and 
the  result  of  it  was  that  the  present  farm 
"bailiff  did  not  take  up  the  drains,  but  he  dug 
down  alongside  of  them,  and  he  put  an  impervious 
band  of  clay  all  round,  so  that  the  sewage  could  not 
reach  them  directly.  That  is  the  system  m  operation 
now ;  that  is,  for  the  old  portion  of  the  land,  but  on 
the  portions  of  the  land  that  have  been  acquired 
since  1876  there  are  no  underdrains  whatsoever, 
except  under  a  road,  and  all  the  trouble  has 
been — ^it  has  been  got  over  now  for  the  last 
'20  years  nearly,  but  the  original  trouble  was  all  on 
account  of  not  being  able  to  prevent  what  was  prac- 
ttcailly  opude  sewage  gomg  into  the  itndetPdrainB.  I 
may  say  that  I  k^ow  a  good  many  oither  clay  fanns 
irhcro  they  have  tried  to  uuderdrain,  and  they  have 
oeen  invariably  unsuccessful,  in  my  practice  I  would 
Tiot  do  it  (for  anything. 


6434.  Would  a  day   land  be  equally  unsuitable  for      Mr.G, 
sewage  which  had  been  allowed  to  settle  and  where  the  CkaUartan, 
solids  had  deposited  themselves?—!  ^hink  that  if  you  i4KoT.i9oa 

deposit  the  solids  either  by  mechanical  me^ns — ^tliat  is,      

by  simple  subsidence,  mechanical  subsidence  in  a  con- 
siderably sized  tank,  I  think  that  makes  a  very  great 

deal  of  difference  and  renders  the  application  of  the 
sewage  to  the  land  far  more  suitable. 

6435.  Far  more  suitable  ?—^Far  more  suita/ble;  and  I 
would  go  so  far  as  this,  that  I  think  it  ought  to  be  done 
in  every  case. 

6436.  That  the  solids  should  be  taken  out  somehow  ? — 
Somehow. 

6437.  Either  by  tanks  or  by  screens  ?— WeU,  I  am  not 
a  great  believer  in  screens. 

6438.  Li  screens  7— ^No,  I  am  not. 

6430.  Then  do  you  believe  in  tanks? — I  believe  in 
tanks,  but  where  you  have  tanks  it  is  far  better,  in  my 
opinion,  to  use  a  small  proportion  of  chemicals,  and  you 
get  your  precipitation  so  much  more  rapidly  and  so  much 
better  than  if  you  have  mechanical  subsidence  on  a  con- 
tinuous system  through  tanks ;  in  the  latter  case  the 
tank  beoomes  an  open  septic  tank  after  a  short  time, 
and  it  becomes  in  the  summer  time  in  my  own  experi- 
ence a  most  objectionable  nuisance. 

6440.  You  would  say  that  an  open  septic  tank  was 
a  nuisance  ? — ^Undoubtedly. 

6441.  In  your  own  experience  ?— In  my  own  experi- 
ence. I  haa  to  deal  with  a  place  where,  in  order  to  get 
rid  of  the  sewage  while  my  sludge  presses  were  being 
put  down,  I  had  to  pass  the  sewage  through  the  tank, 
and  I  had  no  means  of  cleaning  the  sluage  out.  Of 
course,  if  you  have  your  tanks,  say,  in  three  rows,  in 
triplicate,  and  use  the  same  endeavours  to  take  out  your 
sludge  as  you  would  after  chemical  precipitation,  Ihat 
mitigates  the  nuisance ;  but  in  that  particular  case  it 
was  a  most  undoubted  nuisance,  and  my  authority  very 
nearly  suffered  severely  from  it. 

6442.  Was  that  a  case  where  the  sewage  was  purely 
domestic  ?— Purely  domestic.  There  was  undou'btedly  a 
great  reduction  in  the  sludge. 

6443.  From  the  mere  fact?— It  forms  first  of  all,  you 
see,  when  the  sewage  is  passing  through.  You  see,  it 
must  come  up  to  the  top,  and  gradually  it  forms  a  loum, 
and  it  fonns  a  eoum  tot  at  the  eoitranoe  where  the 
sewage  comes  in,  and  that  scum  gitadually  goes  away 
right  down,  wui,  that  causes  a  nuiaanoe— an  undoabted 
nuisance. 

6444.  And  that  scum  formed  all  over  the  tank,  did  it  ? 
— In  this  case  it  did  not  form  quite  down  to  the  end 
of  the  tank  exoept  on  one  occasiKm,  because  we  never  let 
it  run  long  enough. 

6445.  Did  you  remove  the  scum  from  time  to  time  ? — 
We  did,  yes.  We  were  threatened  by  the  neighbours, 
and  we  had  to  make  an  effort.    It  was  very  difficult. 

6446.  Have  you  ever  had  any  experience  of  a  closed 
septic  tank  ? — ^No,  no  personal  experience ;  I  have  seen 
them,  'but  I  have  never  put  one  up  myself. 

6447.  And  you  oould  not  say  that  if  this  tank,  which 
was  o«bjectionable  when  it  was  open,  had  had  a  roof  over 
it,  it  would  have  been  objeotionable  or  not?— I  should 
think  it  would  not. 

6448.  You  think  it  woukl  not  ?--Oertainly  noL 

6449.  And  as  to  the  quantity  of  the  sludge  that  disap- 
peared or  seemed  to  disappear  in  the  septic  tank,  have 
you  any  idea  of  the  amount  ?— 1  have  not  been  able  to 
estimate  that. 

6460.  You  have  not?— ^o. 

6451.  And  would  you  say  that  precipitation  tended  to 
increase  the  amount  of  the  sludge  t—Undoubtedly. 

6452.  It  does  ?— Yes. 

6453.  Therefore,  if  it  was  a  mere  question  of  getting 
rid  of  the  sludge,  it  m»uld  be  better  not  to  have  any 
chemical  precipitation  at  all  ?— lb  would.  I  have  at  the 
present  moment  recommended  for  an  urban  district 
council— I  prepared  two  schemes  for  them,  one  a  septic 
tank  and  filters — ^bacteria  beds,  and  the  other  chemical 
treatment  and  bacteria  'beds,  and  I  have  strongly  recom- 
mended the  former — ^the  septic  tank.  It  is  both  cheaper, 
and,  I  believe,  more  efficacious ;  but  that  is  a  small 
place. 

6454.  Is  it  domestic  sewage  only?— Purely  domestic. 
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6455.  And  would  you  be  inclined  to  make  the  same 
reoammendatiou  for  domestic  sewage  mixed  with  trade 
refuse  ? — I  have  not  had  a  great  dead  of  personal  experi- 
ence in  trade  refuse.  The  only  trade  refuse  that  I  have 
had  personal  experience  in  is'  brewery  refuse,  which  I 
consider  should  be  treated  at  the  breweries,  and  the 
Bradford  sewage,  which  largely  consists  of  wool  combers 
refuse.  I  have  spent  a  great  deal  of  time  on  the  latter ; 
it  ought  hardly  to  be  called  sewage  at  all  it  is  an 
entirely  different  substance. 

6456.  Might  I  ask  you  to  let  us  know  what  you  recom- 
mend about  storm  water? — ^First  of  all  there  is 
a  question  of  necessary  safety  yalves.  I  saj 
they  are  necessary  as  safety  valves,  aiui  if  yon  oan 
fix  your  storm-  overflow,  tJiat  is,  so  fix  it  and  6o  be  able 
to  adjust  it — ^I  do  not  mean  a  movaible  storm  overflow — 
so  that  you  are  dealing  with  six  times  the 
average  dry  weather  flow,  I  thiink  that  there  are  very 
few  places  that  you  could  not  put  the  remainder  into. 
And,  of  course,  it  depcndn  altogether  on  how  the  system 
has  been  carried  out.  You  are  bound  to  have  storm  over- 
flows almost  anywhere.  I  have  recently  constructed  a 
scheme-Hi  very  large  scheme — and  I  nave  not  put  in 
any  storm  overflows.  I  know  where  I  oan  put  one  -n  if 
it  is  wanted,  but  it  will  not  be  wanted.  But  the  reason 
of  that  is  that  they  started  on  maiden  ground.  There 
were  surface  water  drains  but  no  sewers.  The  autbority 
on  my  recommendation  borrowed  £10,000  from  the 
Local  Government  Board  to  make  the  house  connec- 
tions tliems^lves,  and  in  every  case  we  made  the  connec- 
tion. We  have  (brought  it  up  to  the  curtilage  oi  <t3ie 
house,  and  then,  irhen  the  actual  work  of  connecting  it 
has  been  carried  out,  and  it  is  being  carried  nut  under 
plans  submitted  to  the  local  authority,  and  very  care- 
fully inspected,  so  far  as  I  know  there  never  willbe  any 
necessity  for  a  storm  overflow  there  unless  something 
unforeseen  occurs.  The  seiwers  thamselves  are  water- 
tight, and  there  is  nothing  coming  in  but  serwage  and 
storm  water  from  the  backs  of  the  roofs  of  the  houses 
and  the  curtilage  of  the  yard. 

6457.  Then  Mtorm  water  wiU  not  get  into  the  sewers? 
— ^It  will  not  get  in,  but  in  places  where  storm  water 
does  get  in  it  is  in  very  variable  quantities,  with  tiie 
very  best  system  of  separation.  Now  at  this  ]ilace  at 
tmes  after  a  very  heavy  thunderstorm  you  ^ill  certainly 
ge4;  12  to  14  times  the  average  dry  weathetr  rate 
of  flow,  and  in  the  old  towns — take  an  old  town,  an  old 
Kentish  town  that  has  been  drained  for,  say,  30  to  40 
years — you  will  get  a  discharge  of  storm  water  equal  to 
20  times  the  average  rate  of  flow,  and  then  ihe  seiwers  are 
not  able  to  take  it;  and  then  in  a  great  number  of 
those  old  towns  the  sewers  are  down  at  such  a  leyel  that 
you  cannot  put  in  a  storm  overflow  because  you  can- 
not get  it  into  the  river ;  bat  I  say  for  ordinary  towns 
and  ordinary  storms  tliat  if  you  deal  with  six  times  and 
treat  six  times  the  average  volume  of  domestic  sewage, 
you  will  be  doing  well. 

6458.  That  is  <to  say,  you  would  not  reoommend  any 
stonn  overflow  coming  into  operation  until  the  flow  was 
about  six  times  the  ordinary  ?— I  think  not.  Of  course, 
under  those  conditdonA  I  do  not  think  diat  the  whole  of 
the  six  volumes  should  be  treated  in  the  same  way  that 
the  dry  weather  sewage  is;  I  think  there  should  be 
separate  provision  to  deal  with  it  so  as  to  turn  it  on  to 
a  specially  prepared  filter — to  turn  a  portion  of  it 
anyhow. 

6459.  Even  when  it  was  onlv  six  times  the  amount  % — 
Yes. 

6460.  Then  you  would  bring  your  storm  overflow  into 
action  as  soon  as  the  flow  reached  six  times  the  normal 
rate  % — Yes.  I  think  if  you  arrange  your  weirs-^and  for 
this  purpose  the  dry  weather  sewage  should  be  gauged 
— so  that  you  will  receive  at  your  work  six  volumes, 
and  supposing  that  you  are  getting  down  ten  volumes, 
then  the  other  four  volumes  would  go  away  over 
your  weir  untreated.  I  think  that  is  inevitable 
almost  in  the  greater  number  of  places,  but  when 
you  get  your  six  Toluuies  down  to  your  works  then  the 
treatment  of  these  six  volumes  is  a  different  thing  from 
treating  the  ordinary  average  dry  weather  flow. 

6461.  But  Slip] lose  yxm  have  a  tank  and  the  whole  of 
the  six  times  t\ni  flow  would  have  to  go  into  the  tank  ?— 
Yes,  and  we  rue  thinks  designed  for  tbat  ]purpoM. 
Putting  six  timefr  the  volume  through  at  any  time  will 
not  have  any  detrimental  eff'eot  -whatsoerver;  it  only 
means  going  through  a  lititle  faster.  Of  course,  we 
never  use  the  wiiole  of  our  tanks  at  one  time,  and  it  may 
happen  that  dming  a  few  hour?  a  tank  that  is  meant  for 
the  dry  weather  flow  of.  say.  the  next  day  or  something 
like  that  comen  into  use.  because  the  man  in  charge 


has  to  turn  the  se^wage  through  it  in  order  to  lessen  the 
velocity.  For  tanks  I  say  it  is  no  detriment ;  that  is^ 
If  the  tanks  are  designed  of  a  capacity  of  not  less  than 
50  per  cent,  of  the  Sailj  dry  weaither  flow,  and  if  it  be 
poesible — and  the  place  can  afford  it— I  would  vctt 
much  prefer  to  make  the  ordinary  tanks  as  much  as  7> 
per  cent,  that  is,  the  total  oapaciity  75  per  cen4»  of  tuo 
daily  dry  weather  flow. 

6462.  Going  back  to  land,  have  you  any  ax- 
perienco  of  artificial  preparation  of  land  by  tliu 
addition  of  chalk  or  cinders  or  anything  of  that 
sort? — ^Yes,  I  know  that  if  you  have  properly 
screened  town  refuse,  not  town  refuse  that  han 
been  burned  in  a  destructor,  not  that  at  all,  but  where  you 
have  the  place  properly  scavenged,  and  the  retuse 
brought  into  heaps,  sifted,  burned  and  sifted  again,  L 
say  that  you  can  increase  the  purifying  oapaci&^  oi  a 
clay  soil  or  an  indifferent  soil  very  largely  indeed — 
probably  more  than  double  it.  By  putting  this  care- 
fully on  the  surface  you  raise  the  whole  8urfiM»  to  start 
with,  and  undoubtedly  it  has  a  most  beneficial  effect 

6469.  And  would  that  beneficial  effect  be  lasting  do 
you  consider  or  would  the  land  tend  to  revert  f— It 
depends  on  what  the  soil  is.  I  am  talkmg  noiw  of  puttins 
it  on  to  a  £airly  stiff  clay  and  keeping  on  until  you  builo- 
the  land  up,  but  it  is  a  process  that  can  only  be  done  by 
a  thoroughly  experienced  man  who  will  see  that  he  bums 
his  stuff  properly,  and  does  not  put  on  any  garbage  or 
muck  or  anjithing  like  that.  It  is  a  prooesB  that  must 
be  done  carefull]^-  Also  on  the  same  principle  an 
ordinary  domestic  sewage  sludge  which  has  been 
pressed ;  when  it  comes  out  of  the  press  is  in  a  very 
useless  condition,  but  if  it  is  thoroughly  dried  and 
then  powdered  up,  that  also  has  a  considerable  bene- 
ficial effect  on  the  land  provided  it  has  not  been  done 
too  much.  You  could  not  put  nearly  so  much  of  that  on 
the  land  as  you  could  of  well-sifted  house  refuse. 

6464.  Do  you  mean  when  you  say  put  it  on  to  the 
land,  simply  lay  it  over  the  surface? — Lay  it  over  the 
surface. 

6465.  Not  dig  it  in  ? — ^Dig  it  in  slightly. 

6466.  And  that  is  an  operation  that  would  have  to  be 
repeated,  I  suppose  ^It  is  continuously  repeated,  and  it 
is  most  beneficial ;  you  can  grow  excellent  crops  of  rye- 
grass ;  altogether  the  appearance  of  the  farm  would  be 
a  great  deal  better ;  but  also  it  is  a  thing  that  must  be 
done  by  a  man  who  is  experienced  and  thoroughly  under- 
stands it. 

6467.  And  do  you  oonsidec^at  the  question  of  crops- 
is  important ;  does  land  puri^rbetter  with  crops  growing 
on  it  ? — ^Well,  I  think  so.  Of  course,  I  am  not  a  fanner, 
but  all  the  farmers  that  I  have  ever  talked  to  undoubtedly 
say  so,  and  I  think  a  sewage  farm  without  crops  would 
be  a  misnomer.  Of  course  you  have  not  the  whole  of 
your  land  cropped. 

6468.  Could  you  tell  us  from  experience  of  your  own 
with  sewage  &rms  whether  the  sewage  is  dbsent  from  a 
large  part  of  the  farm  generally  ?— Yes. 

6469.  It  is  only  a  oomparatively  small  part  of  the 
farm  that  is  under  sewage  at  a  time? — ^I  should  say  a 
fourth  or  a  fifth  part— one-fifth  probably. 

6470.  And  do  you  consider  that  the  land  deteriorates 
by  constant  use  ?— -No,  I  do  not  I  have  been  very  in- 
terested in  that.  I  think  a  farm  properly  laid  out  in 
ihe  first  instance,  supposing  the  land  is  good, will  go  on 
regardless  of  time. 

6471.  Many  years  ?—Ye8,  and  always  'be  sweet  and 
healthy,  and  I  also  know  that  where  I  haye  seen  land 
thart  was  once  a  good  bit  of  loam  but  had  been  dis- 
gracefully neglected  and  covered  with  a  slime  of  sewage 
sludge  probably  half  an  inch  or  an  inch  thick,  that  in 
excavating  that,  and  in  digging  out  a  few  spadefuls, 
that  probably  four  or  five  or  six  inches  below  the  surface 
you  could  take  the  soil  in  your  hand  and  find  it  per- 
fectly clear  and  perfectly  sweet.  I  have  noticed  that 
nearly  every  bad  sewage  farm  that  I  have  had  to  visit, 
was  all  right  underneath  but  bad  on  the  top. 

6472.  Would  you  say  that  the  management  of  a  sewage 
farm  required  i^pecial  knowledge  or  that  en  ordinary 
farmer  could  manage  it? — Special  knowledge. 

6473.  I  think  you  told  us  that  you  had  not  had  very 
much  experience  with  trade  refuse  ? — No,  I  have  not ; 
I  mentioned  all  the  experienoe  I  have  had. 

6474.  In  regard  to  the  sea  or  tidal  waters,  have  you 
had  any  experience  there  ? — Oh,  yes. 

6475.  You  have? — ^I  was  with  Sir  Joseph  Baaelgette 
as  one  of  his  assistant  engineers  25  years  ago.  We  carried 


MINUTES  OF  EVIDENCE. 


353 


out  the  Torquay  main  drainage,  and  I  was  his  assistant  en- 
gineer there,  and  I  was  also  on  the  West  Kent,  under 
Sir  Joseph  Bazelgette  and  Mr.  Alfred  Williams,  a  member 
of  the  Institution.  That  was  about  22  rears  ago.  And  I 
also  carried  out  works  at  Deyonport  and  Stonehouae  with 
Sir  Joseph  Baz^getU,  md  on  my  own  aooount  I  have  re- 
cently carried  out — ^it  ha0  been  completed  now  for  some 
eight  or  nine  years — the  largest  sea  outfall  in  Wales,  tht 
Bhondda  Yidley  outfaJl,  and  I  have  given  the  whole  thing 
very  great  attention. 

6476.  Do  you  know  of  any  case  where  letting  sewage 
go  into  the  sea  or  into  tidal  waters  has  created  a  nuisance 
or  has  been  injurious  to  health  ? — ^Ye^,  I  do.  I  cannot  say 
very  much  about  inj>urious  to  healtih,  booause  you  are 
outside  tlio  ipiovmcd  of  an  engineer  when  you  come  to  d^eail 
with  heakth.  I  may  meotion  tdiat  I  am  a/t  the  presemb 
moment  carrying  out  the  main  drainage  of  Dublin  for  the 
Corporation,^  and  the  Begistrar-General  of  Dublin  says 
there  are  no  unhealthy  effects  from  the  stinking  con- 
dition of  the  river  Liffey,  which  is  merely  an  open  sewer 
from  Kingisbridge  down  to  Bingsend,  but  I  think 
that  sea  outfialls  require  a  great  deaJ  more  oonsider- 
ation  than  they  probably  received  30  years  ago  or  25 
years  ago.  It  was  then  considered  almost  good  enough 
to  put  in  sewage  untreated  anywhere  where  you  could 
get  salt  water  or  into  any  tidal  water  without  a  proper 
investigation  of  what  was  going  to  become  of  it.  I  think 
that  i£&t  is  w9iy  in  se>i^ei«l  pJaoee — ^I  do  not  like  to 
menrtion  their  names — you  ceantainiiy  do  see  unpiLeasant 
sewage  porticileB  floating  aibout  near  yery  desiraibl^  neigh- 
boui^hoods.  But  for  a  plaoe  like  Maigate,  \ducih  has  a 
first-rate  ourtifall,  a  place  like  Toirquay,  wlhere  the  outfaJi 
is  art  a  place  oalied  Hopes  Nose,  whero  the  flood  tide  sets 
ono  way  and  the  eJbb  sets  another,  in  both  directions  out  to 
sea,  and  under  no  conditions  whatsoever  could  it  go  inte 
Torquay,  aizkl  it  has  been  proved  thsit  it  oanniot — to 
purify  the  sewage  is  umneoessary.  Burt  there  are  other 
palaces  Wlhere  suffioienit  coneideiration  has  not  been  given. 
I  know  tha/t  things  are  much  more  stiiot  now  than  they 
were  Hhem.  A  few  years  ago  I  was  engaged  by  tihe 
riparian  owneie  to  oppose  the  Conpoiwtion  of  Exefteir  put- 
ting their  sewage  into  the  tidail  paifb  of  the  Riv€T 
£xe,  and  that  was  rejected  veiy  propenly,  I  think, 
by  General  Oarey's  Boazd.  That  is  the  sort  of 
thing,  I  believe,  that  used  to  be  done,  and  any- 
thing in  the  way  of  tidal  water  was  good  enough. 
Now  the  Bhondda  Valley  scheme  goes  down  into  about 
30ft.  deep  of  water— 4()ft.  at  a  high  spring  tide — and  goes 
down  one  mile  from  the  foreshore,  and  discharges  into  the 
tidal  eatuaiy  of  the  Brisrtol  Ohannel.  I  have  tried  to 
trace  it  very  often,  but  I  cannot  see  anything  of  it  after 
100  yards  or  so.  I  have  never  heard  any  complaints  from 
Cardiff.  Veiy  grave  complaints  have  been  made  against 
the  western  ouliall  at  Cardiff,  but  the  Cardiff  people  are 
trying  to  remiedy  that  as  fast  as  ever  they  con  ;  the  com- 
plaints  are  not  so  much  about  the  outfall  as  about  the 
discharge  of  the  sewage,  that  is  to  soy,  it  causes  floodings. 
I  would  like  to  mention  that  to  boar  oat  what  I  wtas  speak- 
ing about :  and  aJftihou^  Parliament  may  hove  san)ctio(n<ed 
a  sea  outfall  20  years  ago,  or  an  outfall  supposed  to  lye 
into  the  sea,  or  into  a  tidal  harbour,  I  might  say  this^ 
that  I  dasapprove  altogether  of  crude  sewage  being  put 
into  what  aire  oalled  aitiflcial  tidal  harbours— ^hat  is, 
tidal  harbours  that  are  formed  br  breakrwatersand  walls. 
There  are  two  very  important  suburbs  along^ide  oit 
Dublin,  and  25  years  ago  they  got  an  Act  of  Parliament 
to  discharge  crude  sewage  into  the  tidal  estuary — I  wiH 
call  it  into  the  harbour — and  the  Duiblin  Oorporation 
recently  tried  to  annex  them  to  bring  them  all  in ; 
the  Dublin  Corpoiraition  were  defeated  in  that,  but 
one  ol  the  great  points  was  to  know  was  this  a  proper 
outfall.  The  Dublin  Oorporation  themselves  are  carnr- 
ing  out  a  soheoaae  of  precipitation  and  wiM  discbarge  the 
sludge  that  they  get  in  a  sdonilar  manner  to  the  way  in 
wihicih  the  London  sludge  is  disdhoiged,  viiz.,  by  taking 
it  out  to  sea.  That  is  aU  sanctioned  by  the  Local  Govern- 
ment Board.  Weiltl,  tihe  Oommittee,  ailthongh  they 
rejected  ^the  afppilication  to  annex  th'O  6ulbuaA>6— ^is  was 
a  Ooanmiittee  of  the  Hou^  of  Lords  and  the  House  of 
Cammons,  Sir  Ughtred  &iy-Sihuttil»wo(Pbh  in  the  ohair, 
— -gare  the  following  as  a  port  of  their  decision : 
"Xoar  Commdtteo  hare  oome  to  the  unaniDmous 
concihision  that  it  wouM  be  a  public  advantage  if 
there  were  one  admimistrotion  to  oontrol  the  dminage 
and  sewers  and  treatment  of  the  sewage  of  Dublin  and 
the  townships.  They  think  that  it  would  be  absurd 
if  one  part  of  the  sewaffe  were  treated  at  Pigeon  House 
Fort"  (that  is  the  Dublin  outfall)  "and  other  ports  dis- 
charged a  little  distance  away  within  the  seawalls  of  the 
bay  without  corresponding  trndatment.  They  are  also  of 
opinion  that  the  whole  communfty  benefits     by    the 

1213. 


great  works  now  being  earned  out  for  purifying  the  Mr.  q. 

Liffey,  and  they  recommend  that  leg[islative  steps  should  duoiertojiu 

be  taken  to  constitute  a  joint  drainage  board  for  the  i4Kovri9oo. 

city  and  the  townships  of  Bathmines  and  Pembroke,  re-  — '— 
presenting  the  Corj>oration  and  th«  two  urban  district 
councils,    and  to  distribute  over  the   entire  the  past 
and  future  burden  of  both  systems  of  drainage." 

6477.  Have  you  ever  happened  to  come  across  any  case 
of  danger  from  oysters  or  musseds  or  oockHies  or  anything 
of  that  sort? — ^In  DulUdn  Hairbour,  undoubtedly. 

6478.  And  where  harm  has  come  from  them? — ^Un- 
doubtedly, Dublin  Bay  oysters  are  condemned,  that  is 
oysters  tiiot  are  tak^en  somewhere  else  and  laid  down  in 
Dulbliu  Harbour;  in  fact,  I  think  they  are  prohijbited 
now,  I  win  not  say  for  the  whoiie  of  Dublin  Bay,  but 
Dublin  Harbour. 

6479.  (Major-General  Carey,)  There  is  one  point  about 
the  overflows  being  adjusted.  In  answer  to  your  ques- 
tion 18,  if  the  overflow  weir  is  adjustable  at\the  discre- 
tion of  iftio  person  in  charge? — ^I  did  not  iaeaxi  that. 
General ;  I  meant  that  you  wouiLd  adjust  it  to  the  ootuail 
flow  and  then  fix  it.  It  wouM  be  aifanost  an  impossible 
calculation  to  fix  the  weir  wthen  d^esigning  the  works. 

6480.  Tou  would  have  to  calculate  the  flow,  and  then 
fix  it  permanently  ? — ^And  then  fix  it  permanently. 

6481.  I  understand  when  you  use  the  word  "adjust- 
able" I  thought  you  would  adjust  it  from  time  to  time? 
— That  an  enginefer  and  deoigner  would  not  fix  it,  but 
leave  it  to  be  adjusted  finoHy  by  the  engineer  in  charge. 

6482.  You  consider  that  good  management  is  indis- 
pensable to  the  success  of  a  sewage  farm  even  when  the 
conditions  are  perfectly  satisfactory  as  to  area  and  sub- 
soil?— ^I  do. 

6483.  Have  you  had  any  experience  of  bacterial 
filters  ? — ^I  have. 

6484.  Do  you  consider  that  the  same  good  management 
is  essential  /— I  do  ;  I  think  that  it  is  more  essential ;  I 
think  that  you  require  probably  a  more  intelligent  man 
than  the  ordinary  sewage  farmer,  as  I  can  see  he  has  not 
got  used  to  bacteria  beds  yet.  I  have  two  acres  of  bacteria 
beds  that  I  constructed  myself  at  the  Croydon  rural 
sewage  works,  and  in  addition  to  them  we  hove  a  piece 
of  land ;  there  are  albout  22  acres  of  land  in  addAtaon 
to  these  two  acres,  and  we  get  most  exoelllent  results 
from  the  bacteria  beds,  but  we  have  a  very  intelligent 
man ;  we  have  got  a  camibined  system  of  disposal  there, 
and  there  is  only  the  one  staff  to  do  the  two  ;  the  manager 
puts  as  mu:ah  as  he  can  on  the  bacteria  beds,  and  he 
adjusts  that  with  what  he  can  put  on  his  farm,  because 
it  is  a  trelble  prooe^s,  first  of  aJil  chemical  preoipitailiion, 
then  two  acres  of  coke  bacteria  beds  three  feet  deep,  and 
tlien  22  acres  of  land.  Everything  must  go  through  the 
tanks. 

6485.  You  consider  it  an  advantage  that  there  should 
be  land  in  addition  to  the  filters  ? — ^I  do,  but  at  the 
same  tim<e  I  am  bound  to  say  tlat  in  the  analyses  we 
have  ffot  and  which  I  have  given  in  my  evidence,  from 
Dr.  Thomas  Stevenson  of  the  Croydon  iwial  sewage  and 
effluenit  h>e  reponts  that  the  effluent  coming  from  my 
booteria  beds,  after,  of  courae,  chemical  treatment  first, 
and  then  the  bacteria  beds,  is  fit  to  go  into  any  stream 
from  which  drink£ng  water  is  not  immediately  taken. 

6486.  That  is  in  well-managed  works  ? — ^Yes  ;  Ive  never 
have  three  filitings  per  diem. 

6487.  No,  but  in  well-managed  works  ? — Oh,  thoroughly 
well-managed. 

6488.  If  the  filters  are  neglected  do  you  consider  you 
would  get  the  same  effluenl  or  that  the  Mters  would  go  on 
working  ? — ^I  think  not.  I  could  put  those  filters  out  of 
working  order  in  a  week  almost ;  if  I  were  to  put  the 
crude  sewage  on  them  I  should. 

6489.  If  there  was  any  neglect  in  the  mode  of  working 
filters  you  consider  those  filters  would  come  to  a  stand- 
ertdU  ?— They  would  oome  to  a  standsiilll  and  I  should  get 
an  indifferent  effluent  and  probably  get  into  trouble. 
Whatever  effluent  you  get  tSam  beds  like  that  it  would 
not  be  rigM  to  trust  to  them  entirely  ;  you  ougli  b  to  have 
land. 

6490.  There  is  only  one  other  point  about  the 
tidal  outfall.  Do  vou  consider  that  sewage  should  be  dis- 
charged on  the  ebb  tide  on  a  current  which  takes  the 
sewage  completely  away  from  the  town  or  river? — ^I 
would  prefer  to  hove  a  continuous  disdiarge  and  lo  fix  the 
outfaU  90  that  the  sewage  wiU  be  taken  away  on  both 
t4<)es.  Li  some  plaoes  the  ebb  tide  will  give  you  a  far 
worse  set  of  oonditions  than  the  flood. 
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6491.  I  am  assuming  ik^w  that  .the  ebb  tide  is  carry- 
ii^  the  sewage  away  trom  ihe  pkace? — ^Yee,  if  tihe  ebb 
tide  is  favourable! 

6492.  If  the  ebb  tide  is  favourable  ? — And  if  the  flood 
tide  will  take  it  into  a  dangerous  place,  that  is  to  say  near 
a  bathing  piaoe  or  anytdiing  like  that,  or  interfere  of 
produoe  unpieasantniess,  sewage  partides  floeiting  on  thf> 
surface,  I  slioiild  say  then  the  sewage  arhould  be  diverted. 

6493.  It  should  be  discharged  on  the  ebb? — ^It  should 
be  discharged  on  the  ebb. 

6494.  And  does  that  apply  particularly  in  the  case  of 
di^fl4iarge  into  a  tidal  river  t—Oxi  a  smaJl  tidal  river  I  am 
almost  entirely  agilnst  any  sewage  diediarge — crude 
8ewage--»t  aU. 

6495.  You  must  dischaige  into  some  tidal  rivers — take 
the  Case  for  iiistan'oe? — ^You  must  oonsider  the  size  of 
the  river,  but  there  ai'e  many  small  rivers  that  are  tidal 
into  which  you  should  not  discharge  crude  sewage  at  all. 

6496.  You  should  treat  the  sewage  on  the  land? — "So. 
I  should  tlien  take  the  solids  out  of  it ;  take  the  auspended 
matter  out ;  it  would  be  quite  enough. 

6497.  You  wou'W  diswhaige  only  treated  sewage? — 
Quite  so. 

6498.  Would  you  discharge  then  at  all  times  of  the 
tide?— No. 

6499.  Or  on  the  ebb  tide?— On  the  ebb  tide.  But  I 
would  like  to  say  tdiis  abaut  tlie  question  of  di'SC'harging 
sewage  for  a  particular  period  of  die  tide  only,  say  six 
hours ;  when  you  consider  that  you  would  pnybably 
be  asked  not  to  discharge  the  storm  water,  that  is  the 
six  volumes,  but  have  to  store  that  for  six  hours  out  of 
twelve  you  will  run  your  storage  tanks  up  to  such  an 
enormous  cost  that  there  are  very  few  towns  able  to  stand 
it.  In  bathing  towns,  small  pdacee,  it  becomes  a  ti^e- 
ouendous  question  when  you  have  got  to  store  your  storm 
water,  that  is  your  six  vohimes  and  sometimes  more,  in 
some  cases  3^ou  would  requij^e  to  om^  disdhaorge  for  tiiz^e 
hours  out  of  the  twelve,  and  in  others  two,  and  tiiat,  of 
course,  makes  it  a  very  large  question. 

6500.  Do  you  consider  that  crude  sewage  should  under 
any  circumstances  be  screened  before  dischaige  into  the 
sea  ? — I  think  it  is  such  a  simple  matter  to  take  the  very 
coarse  matters  out. 

6501.  By  screening? — ^Yes,  very  simple  by  screening. 
Of  course  there  is  a  difficulty  about  that  if  you  have  an 
outfail  going  through  private  land.  It  must  go  tihrougii 
private  land  in  most  oases  going  down  to  the  sea;  I 
think  it  could  be  done  in  a  pinblic  roadway  withoiib  diffi- 
culty, but  if  you  want  to  make  a  screeoi  half  the  size  ot 
tliis  room — a  movable  screen,  I  do  not  think  that  yooi  con 
do  that,  so  far  as  I  know,  under  the  Public  Heaillbh  Act, 
and  you  probably  would  have  to  go  for  oo<m|)ai'!eory  powecre 
to  purchase  that  little  bit  of  land  ;  anyway,  I  hanre  been 
met  with  that  diffioulity.  Now. if  you  go  to  purchase  a 
bit  of  land  half  the  size  of  this  room  from  a  landowner  for 
the  purpose  of  a  sewage  screen,  he  will  defeat  you  to  a 
dead  certainty,  so  if  you  have  to  screen  crude  sewage,  I 
think  that  the  Local  Government  Boatrd  ought  to  take 
into  consideration  what  flsM:ilities  it  can  give  to  looai 
autfaorities  for  acquiring  the  necessary  space.  It  oould 
be  a  covered  up  arrangemeinjt,  and  need  never  be  seen 
by  anybody,  and  need  certainly  be  no  nuisance,  but  the 
sentimental  objection  to  it  by  the  landowner  would  in 
my  opinion  be  often  sufficient  to  defeat  any  scheme. 

6502.  Where  sewage  effluent  has  to  pass  over  oyster 
beds  or  shell  fish  beds,  do  you  consider  that  thorough 
treatment  is  necessary? — ^Well,  I  should  prefer  not  to 
have  the  oysters  there  at  aM  or  where  the  effluent  oouid 
possibly  get  near  them.  I  do ;  I  consideir  the  mtoeit 
thoroaigh  treatment  is  neoessaay.  I  had  to  i^iport  on 
oompefcitive  sohettnes  on  the  River  Ooine,  and  although  it 
was  almost  physically  impossible  that  the  effluent  could 
ever  get  fiom  the  outMl  to  tdie  oyi^  beds,  I 
reported  that  the  effluent  should  be  of  the  very  highest 
quality  that  could  be  made,  that  is,  it  should  have 
chemical  treatment  first,  then  it  should  be  treated  by 
bacteria  beds,  and  then  over  land  so  as  to  get  the  very 
highest  quality  of  effluent  that  a  chemist  knows.  And 
that  was  adapted,  and  then  I  am  sorry  to  say  the  place 
was  turned  into  an  Urban  District,  and  6ie  Odunoil 
adopted  a  much  cheaper  scheme  with  nothinj?  like  that 
treatment  at  aH,  and  I  am  told  that  scheme  has  been 
sanctioned  and  carried  out.    I  would  object  to  it  sixonglj. 

6603.  You  said  that  there  ds  a  nuisance  from  the 
fcum  on  the  open  septic  tank :  is  that  nuisance  caused 
ivhen  the  soum  is  perfeotly  ieAbII  and  quiet?— -I  ooddl  nidk 
mj  that.    It  iius  peuf ectly  qttiet  for  a  cedain  ddsitaiioe, 


but  my  taiulnj  were  too  big  for  open  septic  tanks,  anw 
therefore  the  Ptti-m  had  not  propeifty  fcamed,  I  should 
say,  over  the  whole  of  them,  but  what  did  form  was  (juste 
enough  ;  tiiere  was  a  luoet  abomaneble  sitench. 

6504.  Arising  from  the  scum  1— Arising  from  the 
scum,  and  it  was  observable  a  consideraible  distaaioe,  and  in 
fact  so  much  so  tlieift  the  neighbouring  Medical  Officer  of 
HesMi  oame  to  our  Mcdfcal  Officer  of  Health  and  com- 
plained and  threajten^d  us  wiith  afld  sorts  oi  proceedings ; 
and  he  was  peifectiy  right.  I  liad  three  months  of  this, 
experience  of  running  crude  untreated  sewage  through 
an  (^>en  tank,  and  I  hope  I  shaiU  never  have  it  again. 

6505.  {Colonel  Harding.)  In  answer  to  question  No.  2, 
Mr.  Chatterton,  you  say  that  you  do  not  approve  of 
putting  crude  sewage  on  land,  except  where  the  land  is 
satisfactorily  situated  in  regard  to  isolation.  I 
gather,  therefore,  that  you  in  such  cases  anticipate 
noiisanoe  ?— Yes  ;  I  think  there  is  more  or  leea  a  nuisance 
in  all  such  oases. 

6506.  Well,  but  you  anticipate  nuisance  especially 
from  putting  crude  sewage  including  solids  in  suspen- 
sion upon  the  land? — ^I  do. 

6507.  But  would  not  that  nuisance  be  reduced  very 
much  if  the  area  were  adequate,  if  you  only  precipitated 
upon  the  land  a  thin  film  of  solids  instead  of  allowing 
a  thick  aooumulatton  ? — ^There  woudd  be  a  nuieanoe  unless 
you  have  a  very  large  area,  and  unless  the  land  is 
thoroughly  isolated;  but  whatever  nuisance  yxm  have 
then  would  be  confined  to  the  kuud  iitseHf . 

6508.  May  I  take  it  that  you  believe  the  nuisanct 
would  be  reduced  by  having  a  sufficiently  large  area?— 
Yes. 

6509.  But  precipitate  only  a  thin  coating  of  scum? — 
In  my  own  practice  now,  wherever  I  can  I  arrest  ths 
fiiodids  by  an  upward  fiilter. 

6510.  I  am  just  now  considering  the  case  where  all 
that  the  sewage  contains  is  put  upon  the  land? — ^Yes. 

6511.  I  understand  that  in  broad  irrigation  a  very 
large  area  is  required,  probably  for  that  reason,  is  it 
not?— Quite  so. 

6512.  That  the  land  may  be  used  so  as  to  only  take 
a  smald  covering  ? — ^It  can  be  so  used. 

6513.  Of  these  solids?— Yes. 

6614.  And  in  that  case  the  solids  are  more  rapidly 
reduced  than  if  you  let  them  accumulate,  say,  to  a  deptii 
of  several  inches  ? — Oh,  yes ;  undoubtedly  the  larger 
the  area  the  easier  it  is  to  work  a  broad  irrigatioTifarm^ 

6515.  And  that  is  probably  the  definition  of  the  term 
broad  irrigation? — ^Very  likely.  The  larger  the  land 
i»nd  the  better  the  distribution  the  less  the  scum. 

6516.  Have  you  had  any  experience  of  the  difference 
in  nuisance  arising  from  the  treatment  of  purely  domes- 
tic sewage  and  domestic  sewage  mixed  with  trade  efflu- 
ents ? — Only  at  Bradford. 

6517.  Where,  of  course,  the  character  is  so  special 
that  we  cannot  argue  very  much  from  it? — Yes.  WiHi 
regard  to  brewery  refuse,  I  have  had  a  plaoe  I  was  con- 
cerned wiih  where  they  had  brewery  refuse ;  it  was  a 
mio^  intotleirance  nuisance. 

6518.  But  apart  from  brewery  refuse,  domestic  sew- 
age itself  is  pertiaps  most  likely  to  oause  nuisance? — 
I  think  brewery  refuse  would  beat  it. 

6519.  (Chairman.)  You  said,  did  you  not,  brewery 
refuse  you  think  should  be  treated  by  itself? — Brewery 
refuse  mixed  with  sewage,  thait  is  for  ungatioti  puiipases^ 
seems  aifanoet  to  beat  any  sefwage  former. 

6520.  (Colond  Harding.)  You  suggested  that  breweiy 
refuse  should  be  treated  at  the  brewery  1—1  thiink  it 
should  be. 

6521.  Are  you  able  to  suggest  to  us  any  kind  of 
treatment  applicable  to  brewery  refuse  at  the 
brewery? — I  think  it  might  be  treated  wildi  lime  and 
aHumdna  and  tHie  sliMlge  pressed,  l^ere  is  a  genitleman 
who  I  tlhink  was  before  you — he  has  had  more  experience 
in  this  matter  than  I  have-Jiir.  Santo  Orimp;  what 
was  undoubtedly  an  abofminable  nudsaaice  at  9heptoi 
Mallet,  has  been  by  means  of  the  wDiik»  that  he  carried 
out  and  the  works  which  are  down  at  Shepbon  HalM 
brewery  itself  tamed  into  a  success. 

6522.  You  have  no  experienoe  of  yoar  own?— No. 

6523.  I  was  latAer  interested  in  what  you  told  «• 
about  the  experiments  you  made  with  septic  tanks ; 
I  gathered  that  you  ha<i  found  the  particular  septic  tank 
with  which  you  had  experimented  to  be  a  perfect  noi-  * 
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sance? — ^I  had  three  tankB,  and  I  tried  to  get  one  of 
them  oleitoed  out  to  avoid  that  nuisance. 

6524.  But  vou  told  us  a  serious  nuisance  had  arisen? 
— ^Undoubtedly. 

6525.  And  you  told  us  you  had  recommended  septic 
tanks  &>Uowed  by  filtration  in  another  case? — Covered 
septic  tank. 

6526.  You  believe  in  the  covered  septic  tank? — I  have 
not  put  them  dxrxn  myeelf,  but  in  a  small  plaoe  of  6,000 
inhabitants  I  am  going  to  use  a  septic  tank  without 
much  pumping ;  I  can  get  rid  of  tlie  sludge  and  I 
think  I  have  got  plenty  of  land  in  addition.  I  would 
nob  u^e  it  without  thait.  I  have  land  for  filttera,  and  pro- 
bab&y  25  acre^  of  good  land  in  additDon. 

6527.  As  to  the  nuisance  that  arises  in  the  case  tliat 
you.  mentioned  to  us,  what  was  the  capacity  of  your 
septic  tanks,  approximately? — Yes,  open  septic  tanks 
they  were.* 

6528.  If  you  would  tell  me  relatively  to  the  flow  of 
sewage  that  would  be  sufficient ;  did  they  contain  a 
day's  supply  7 — ^The  th-ree  of  them  oootain  75  per  oemt  of 
the  daily  diy  weatiher  flow. 

The  three  of  them  together  would  contain  three- 
fourths  of  a  day's  flow  ?-HSeve»ty-five  per  cent,  of  a 
da/s  flow. 

6530.  But  surely  in  such  case  full  septic  conditions 
would  not  have  time  to  arise? — I  do  not  suppose  they 
liad ;  as  I  say,  the  scum  was  not  down  to  the  very 
«nd  of  the  tank,  but  it  would  be  for  half  the  tank. 

6531.  Do  I  understand  you  to  say  the  sludge  was  not 
to  the  bottom  ? — ^Yes  ;  the  scum  did  not  extend  down 
to  what  I  call  the  far  end  of  the  tank. 

6532.  It  did  not  cover  the  whole  of  the  surface  ? — ^Xot 
the  whole  ;  I  do  not  think  so. 

6533.  What  made  you  think  it  was  the  scum? — I  was 
there  every  day. 

6534.  After  the  scum  was  removed,  was  there  no 
stink  ? — Not  when  we  treated  it  with  chemicals. 

6535.  Do  not  let  us  go  away  from  the  septic  experi- 
ment :  you  said  something  about  the  seam  causing  a 
nuisance  and  you  removed  the  scum? — Tes. 

6536.  Did  the  nuisance  disappear  with  the  scum? — 
When  I  say  we  removed  the  scum,  we  were  never  able 
to  remove  the  whole  of  it. 

6537.  When  you  removed  the  scum  there  was  a  de- 
velopment of  gas? — ^When  we  removed  the  scum  the 
nuisance  was  to  a  great  extent  abated. 

6638.  Did  not  the  development  of  gas  go  on?— We 
then  used  permanganate. 

6530.  The  experiment  was  not  continued  ? — Ko. 

6540.  Nothing  can  be  concluded  from  that  ? — No,  only 
as  to  this  black  scum  that  rose  to  the  top  of  the  tank ; 
At  that  time  there  was  not  such  a  thing  as  an  open 
septic  tank  in  existence  that  I  know  of. 

6541.  Then  this  was  doon-eetic  sewage  ? — It  was  purely 
domestic  sewage.  It  was  a  makeshift ;  we  had  to  get  rid 
of  the  suspended  matteir. 

6542.  You  have  no  experience  of  open  septic  tanks 
carried  out  on  &  laige  scale  with  sewage  mixed  with  trade 
effluent  ? — ^I  have  not. 

6543.  In  this  case  an  open  septic  tank  with  purely 
domestic  sewage  led  to  a  nuisance? — ^Yes,  as  far  as  my 
experience  went. 

6544.  You  explained  that  a  covered  septic  tank  would 
remove  the  nuisance  7 — Yes. 

6545.  Can  you  explain  to  us  how  and  why? — ^The 
nuisance  is  probably  due  to  the  production  of  malo- 
dorous gases,  is  it  not  ? — I  have  seen  the  covered  septic 
tank  and  I  have  never  smelt  anything  like  what  1 
have  heard  the  smell  described  as — I  am  not  going  to 
say  that  a  covered  septic  tank  is  as  clean  a  thing  as 
could  possibly  be,  because  I  have  heard  other  engineers 
say  that  they  have  smelt  them  at  a  distance,  but  mT 
own  experience  is  not  to  that  effeot ;  no,  I  cannot  ex- 
plain it. 

6546.  In  what  way  wonld  the  enclosing  of  the  tank 
lielp  yon,  for  if  malodorous  gases  are  produced  by  the 
putrefaction  of  matters  in  the  tank,  these  malodorous 
gases  cannot  be  confined  indefinitely  in  the  tank ;  they 
must  escape  somewhere? — ^That  is  a  question  that  I 
could  not  answer. 

6547.  I  think  you  told  us  about  having  superintended 
an  experiment  with  bacteria  beds  to  the  extent  of  two 
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acres  ? — It  is  not  an  experiment,  it  is  an  actual  work  ;  we     jfr.  o, 
treat  HmmU  the  sewage  tliere.  ^  CSk^uerton. 

6648.  You  have  personal  experience  of  working  bac-  i4Kov.i900. 
teria  beds  extending  to  two  acres  ? — ^Yeg,  ^^    ' 

6549.  And  you  have  told  us  the  r^ults  were  satisfac- 
tory?— ^Yea,  very  satisfaotory  indeed-  The  land  is  too 
small  there  ;  I  had  to  adopt  some  other  system. 

6550.  Was  that  woiOced  witli  double,  beds  working  in 
succession? — ^No,  those  veiy  tanks  that  we  have  b^en 
talking  about  are  used  for  chemical  precipitation  "bj 
Tv-hich  I  take  the  suspended  matter  out  , 

6551.  But  in  regard  to  the  bapteria  beds  themselves, 
did  they  work  in  pairs  one  foilowii^  another  ? — ^No  ;  when 
I  say  one  folowing  anoithfir  it  did  not  pome  out  of  one 
bed  and  into  another  bed« 

6552.  £aoh  (bed  worked  independently  ?— Each  Ibed 
was  three  feet  deep,  and  the  effluent,  had  got  to  be 
pun^ped  out  of  the  bed. 

6553.  On  account  of  the  levels  ?-^0n  account  of  the 
levels — it  is  dead  flat — and  the  effluent  is  then  pumped 
on  to  the  land. 

6554.  This  woi^  consisted,  therefore,  of  single  filtra- 
tion of  effluent  from  chemical  precipitation  ? — There  are 
two  acres  of  the  beds,  and  they  are  all  divided  up  into 
difl'erent  compartments. 

6555.  For  eosigle  filtration  ? — ^For  single  filtration. 

6556.  And  t^he  results  obtained  were  satisfactory? — 
Absoiute'Iy. 

6557.  Can  you  give  us  any  typical  analysis  ;  give  us 
the  oxygen  absoi'bed  in  four  hours,  permanganate,  that 
would  do  ?— This  is  an  instance :  oxygen  required  to 
oxidise  the  organic  matter,  '091  grains  per  gallon. 

6658.  And  in  yoilr  own  opinion  the  result  was  satis- 
factory in  regard  to  effluent? — Oh,  undoubtedly. 

6559.  Have  you  taken  at  any  itdme  any  note  of  the  effect 
of  the  action  of  those  beds  upon  the  reduction  in  the 
capacity  of  the  beds? — ^No,  I  nave  not  been  able  to  ex- 
periment upon  that.  I  myself  have  not  been  able  to 
gauge  it,  but  both  the  man  who  does  the  pumping  and 
the  man  who  does  the  eleaning  tell  me  they  cannot 
notice  anything  appreciable ;  do  not  notice  anything. 

6560.  That  is  effluent  containing  very  little  soHds  in 
suspension  ?— Oh,  very  dittle. 

6561.  Almost  clear  effluent? — Oh,  yes,  almost  clear 
effluent,  and  I  attribute  the  whole  success  to  t^at  effluent. 

6562.  To  the  thorough  preliminary  precipitation? — 
Yes. 

6563.  Where  is  this  work? — Croydon  Rural  Sanitary 
Authority  at  Merton. 

6564.  It  may  be  seen  there  at  any  time? — Oh,  yes, 

6565.  Now,  in  regard  to  the  storm;  waters  treated  upon 
land,  if  an  area  of  land  is  proposed  to  be  used  not  only 
for  the  d^  weatiier  flow,  but  for  several  dilutions  of 
such  diy  weather  flow,  the  area  of  land  would  have  to  be 
calculated,  wouid  it  not,  upon  a  maximum  flow,  includ&ng 
dilution  ? — ^Well,  I  would  prefer  to  have  something  sepa- 
rate for  a  porti<Hi  of  the  uilution,  so  as  not  to  interfere 
witli  the  regu'lar  fanning  operation. 

6566.  Let  me  put  it  in  another  way :  If  an  area  of  land 
is  cakukkted  to  deal  with  the  dry  weadier  flofw  and  to 
utilise  at  one  time  say  one-fourth  or  one-filth  only  of 
the  area  of  the  land  to  deal  oif  such  area  with  storm 
waters  would  dislocate  the  whcie  thing  ? — ^It  would. 

6567.  So  you  must  therefore  have  an  area  of  land 
originally  calculated  upon  the  total  flow  of  the  dilutions 
or  you  must  have  an  area  of  land  spedaliLy  set  apart  for 
ijhe  treatment  of  storm  waters  ? — I  think  so. 

6568.  {Mr,  Killick.)  In  cases  of  towns  such  as  Chester, 
on  the  Dee  ;  Warrington,  on  the  Mersey  ;  or  Preston,  on 
the  nibble,  would  you  recommend  that  the  sewB«^e  be 
thoroughly  treated  'before  the  effluent  was  turned  into 
the  tidal  waters  ? — I  do  not  think  lit  would  require  it  at 
Preston. 

6569.  You  do  not  think  it  would  require  it? — ^No,  I 
think  not,  if  the  solids  were  taken  out  and  the  sewage 
taken  down  some  distance.  I  understand  in  the  .Kibble 
there  is  a  most  enormous  dilution.  It  is  the  eolids  that 
give  all  the  trouble ;  in  my  estimation  the  suspended 
matter  goes  to  the  bottom.  I  do  not  think  that  the 
organic  matter  in  solution  after  the  solids  have  been 
taken  out,  where  the  dilution  of  tidal  water  is  very 
great,  does  any  harm. 

6570.  Would  you  say  the  same  of  Warrington  ? — ^I  am 
not  sufficiently  acquainted  with  the  tidal  volume  there. 
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Mr,  G,  6571.  In  Oheeter?— I  should  eay  Chester  ougjit  to  be 
CkMUHon,  IhoiXHighly  treated  as  weil  as  I  r«collec*t ;  I  ehouki  say 
14  Not.  1900.  A*t  ^^7  ougfht  to  have  a  aecond  treatment,  ainyhov  a 
bacterial  treatnnent.  I  shoulcTflay  that  Chester,  if  it 
had  a  chemical  treatment  and  a  bacterial  treatment,  and 
got  anylMng  like  these  results  that  we  have  got  here, 
would  never  give  rise  to  any  complaint. 

6572.  Of  counse,  the  vesults  there  are  sewages  that  are 
almost  as  good  as  mwiy  effluents? — Well,  of  oouise,  this 
is  crude  sewage ;  you  see  it  is  a  dilute  sewage  at  the 
Croydon  Bnral  Sewage  Works. 

6573.  From  ?— Tlh»  sulbsoil  waiter  at  times  ;  it  rises  up 
and  it  comes  throuf^.  I  did  not  construct  the  sewers  ; 
they  vere  oo»Btruct«d  by  another  engineer,  and  the  house 
drains  wtre  oonstruded  without  any  great  supervision, 
I  think,  iiol  by  t)ie  engineer  who  constructed  the  main 
pcfpes,  and  I  do  nott  thiok  they  were  put  in  with  very  great 
care,  and  tie  result  of  it  is  that  when  the  springs  rise 
in  the  giavel  we  get  a  flow  there,  probably  60  to  70 
gallons  a  head,  and  that  accounts  for  it. 


6574.  Really  your  position  is  this,  that  wheie  the 
tidal  estuary  is  so  large  as  it  is  on  the  Bibble  at  Preston, 
you  do  not  think  that  it  is  necessary  to  do  more  than 
take  out  the  solids  ? — I  do  not. 

6575.  Bat  where  the  tidal  estuary  is  of  the  proportion 
of  the  Dee  at  Chester,  then  you  think  a  full  treatment  f 
— I  wtHild  not  like  to  be  very  positive  about  that,  but  I 
think  it  m  sirialL  I  loay  say  in  Dublin  the  tidal  estuazy 
OS  very  ia^ge,  and  I  would  not  think  for  one  moment  of 
giving  it  6  further  tn^atment  than  takii^  out  the  solids. 
There  was  some  very  remarkable  evidence  given  at  that 
inquiry. 

6576.  (CcHand  Harding.)  But  are  there  any  works  to 
be  seen)— There  are  no  works  to  be  seen  yet  except 
sewers  in  the  ground.  The  evidence  in  regpard  to  the 
extraordinary  manner  in  which  the  solids  discharffed 
from  the  250,000  Dublin  population  behaved  as  they 
went  down  the  river  given  by  Dr.  Adeney  and  Mu 
Letts,  of  Belfast,  was  v^ry  interesting. 
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Thursday y  15th  November,  1900. 
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The  Eabl  of  Iddeslbioh  (Chairman),  prending. 


Sir  Michael  Foster,  m.p.,  f.r.s. 
Mwor-Gten.  Constantinb  Phipps  Carey. 
Colonel  Thomas  Walter  Harding. 


Mr.  Thomas  William  Eillice. 
Mr.  William  Henry  Power,  f.r.8. 

Mr.  F.  J.  Willis,  Secretary. 


Mr.  B.  A.  Tatton,  recalled ;  and  Further  Examined. 


Mr  JLA        ^77.  (Chairman 

.)  You  are  the  Chief  Inspector  of  the 

6578.  You  have  a  talde  to  hand  into  the  Commiaaiont 

ToWm.     Mersey  and  Irwell  Baver  Boards? — I  am. 

— ^I  have.    It  is  as  follows  : 

16  Not.  1200. 

Approximate  Areas  required  under  varying  conditions :  Arable  land. 

Direct  to  Land. 
2(a). 

After  Precipitation 

After  Filtration  on 

or  mechanical  settlement. 

Bacteria  Beds. 

5  (a),  L  and  11. 

5  (a).  I£L  and  IV. 

• 

Ratio  of 

Acres 

Ratio  of 

Acres 

Ratio  of 

Acres 

Population 

per  1,000 
Terson*. 

Population 

per  1,000 
rersons. 

Population 

per  1,000 
Persons. 

per  Acre. 

per  Acre. 

per  Acre. 

.  r  Gravel 

•                        m 

100 

10 

500 

2 

1,000 

1 

li 

Light  Loam 

- 

100 

10 

500 

2 

750 

li 

Heavy  Loam 

- 

76 

13i 

200 

5 

400 

24 

1  |)    Chalk- 

. 

— 

Peat    - 

•            . 

Unsuitable. 

Unsuitable. 

Unsuitable. 

A 

[Clay    -        - 

50 

20 

• 

100                     10 

300 

H 

2(b). 

5  (b),  I.  and  XL 

5  (b),  IIL  and  IV. 

-g   .  rOravel 

150 

6S 

500 

2 

1,000 

1 

|S 

Liffht  Loam 

'•            •• 

150 

6§ 

500 

2 

1,000 

1 

•a'^  /  Heary  Loam 

• 

75 

m 

300 

H 

500 

2 

it\ 

Chalk  - 

'    •            • 

— 

— 

|a 

Peat    - 

. 

75 

13i 

200 

5 

400 

24 

1^ 

[Clay    -        - 

• 

Unsuitable. 

Unsuitable. 

Unsuitable. 

6570.  Will  you  give  us  your  opinion  whether  land  of  all 
kinds,  when  used  alone  and  without  the  artificial  addi- 
tion of  chalk,  cinders,  or  other  material,  will  properly 
purify  domestic  sewage? — ^I  am  of  opinion  that  land  of 
all  kinds  will  purify  domestic  sewage. 

6580.  Should  you  aay  land  of  heavy  clay  would  purify 
sewage? — Yes,  it  will;  but  you  mu«t  have  a  large  area 
of  the  land,  and  you  must  use  it  on  the  broad  irrigation 
principle,  and  allow  the  sewage  to  flow  over  the  simaco, 
as  a  small  quantity  only  will  filter  through. 

6581.  Well,  now  would  you  mind  defining  what  you 
call  broad  irrigation? — ^I  should  define  it  roughly  that  if 


land  is  used  for  broad  irrigation  you  have  no  drains ;  i\ 
is  not  drained  at  alL  If  it  is  used  for  intermittent  fil- 
tration it  is  drained.  The  line  is  rather  an  illndefined 
one  between  the  two  systems,  but  that  is,  generally  speak- 
ing, the  accepted  definition. 

6682.  With  a  heavy  clay  would  not  the  sewage  pour 
over  it ;  would  it  filter  through  heavy  clay  at  all  or  might 
you  not  have  such  hesT>'  clay  that  tne  sewage  would  rot 
penetrato  it  in  Kiy  degree  ? — ^Yes,  it  would  ;  it  would  b« 
almost  entirely  surface  action.  The  sewage  would  flow 
over  the  surface  of  the  land,  and  would  be  purified  as 
it  flows  over  the  vegetation.  The  actual  percolation 
through  the  soil  is  very  alight  indeed. 


MINUTES  OF  EVIDENCE: 


357 


6583.  Th«n  what  would  cause  the  purification  there — 
the  vegetation  on  the  top  of  the  clay  ? — ^Yes.  The 
organic  matter  in  the  sewage  would  be  deposited  on  the 
land — on  the  surface  of  tho  land — and  taken  up  by  the 
▼egetation. 

6584.  How  wouid  the  areas  given  in  your  table  ba 
affected,  if  at  all,  by  allowing  me  storm  sewage  up  to 
six  cr  eight/  titnes  tht:  normal  flow  to  be  treated  on  tns 
IflukL ;  by  variations  in  the  volume  of  dry  weather  flow, 
tiie  organic  matter  remaining  constant  ? — The  areas  siven 
would  not  be  affected  in  the  oases  of  light  laud  by  allaw- 
ing  storm  sewage  up  to  six  or  eight  times  the  normal  to 
flow  on  to  the  land,  aa  they  acre  cailculated  on  the  aseump. 
lion  that  the  flood  water  is  dealt  with ;  but  in  the  case 
of  olay  land,  where  the  treatment  is  on  the  surface,  an 
additionaJ  area  would  be  requiired,  as  the  land  would  be 
Uirown  out  of  operation  after  the  flood  for  a  longer  period 
than  light  land.  The  additional  area  necessary  would 
prob&1)ly  amount  to  50  per  cent.  1£  the  daily  volume  of 
the  dry  \ccalher  flow  vanes,  the  oiganic  matter  remaining 
conjit-mt,  the  estimate  for  land  area  must  be  based  on 
the  maxiraom  volume. 

6585.  'Wiihi  area  of  each  kind  of  land  is  required  for 
1,000  pel  pens  assuming  a  dry  weather  flow  of  30,000 
gaHons  a  day :  (a)  for  broad  irrigation  ;  (6)  for  inter- 
mi  t&3nt  filtration  when  the  sewage  is  first  (1)  allowed 
to  settle  mechanically,  the  solids  not  going  on  ihe  land  ; 
(2)  chemdodjly  procdipitBted  and  then  a&wed  to  6«rtMe,  the 
Bcdiis  not  going  on  the  land  ;  (3)  chemdcaily  precipitated 
and  then  mtered  ;  (4)  subjected  to  treatment  in  bacteria 
beds? — If  the  solids  are  prevented  from  going  on  to  the 
Ifind  there  ib  probably  httle  difference,  from  the  point 
of  view  of  its  effect  upon  the  land  between  mechanical 
settlement  and  chemical  precipitation  provided  that  the 
chemicals  used  do  not  retard  bioloeioaH  actioxi,  but  an  the 
solids  \ri\  not  setde  as  rapidHy  without  chemdcals  as  with 
them,  tanks  used  for  mechanical  settlement  should  have 
a  laiger  capacity  ;  we  may  therefore  dass  1  and  2  alike. 
(1  aid  2)  If  the  land  is  of  good  quality  it  should  deal 
with  a  population  of  500  per  acre  after  the  solide  are 
removed,  either  by  broad  irrigation  or  by  intermittent 
filtration.  This  ia  the  ratio  at  Wdhnslow  (northern  out- 
toil),  pupulation  2,500,  and  at  other  small  places  on  the 
Mersey  and  Irwell  watershed.  At  Eccles,  popuilation 
35y000,  where  the  land  is  heavy  loam,  somewhat  lightened 
by  ashpit  refuse  and  underdrained,  the  ratio  is  idso  500 
per  acre,  the  sewage  being  previously  mechanically 
settled ,  the  results  are  satisfactory,  but  owing  to 
the  rapidity  with  which  storm  water  reaches  the 
works  a  dilution  of  6  to  1,  at  which  the  atorm 
overflow  is  fixed,  is  soon  reached  and  much  stonn 
water  goes  away  untreated.  (3  and  4.)  The  answer 
to  this  (question  depends  upon  the  efficiency  of  the 
precipitation  and  filtration  processes;  if  they  are 
efficient  and  the  effluent  from  the  filters  or 
bacteria  beds  is  of  such  a  character  that  the  organic  matter 
le£t  in  it  is  insufficient  to  cause  it  to  putrify  there  wxll 
be  little  left  for  the  land  to  do,  and  tiie  factor  of  how 
much  water  the  land  will  pass  will  be  the  important  one 
ffiving  due  re^d  to  intervals  of  rest.  If,  on  the  other 
liand,  the  purification  effected  by  the  filters  or  beda  is 
only  partial  the  remainder  of  the  work  will  have  to  be 
done  by  the  Hand  and  the  area  required  will  he  in  pro- 
portion to  what  has  to  >be  done. 

6686.  "What  kind  and  quantity  of  chemicals  give  the 
best  results  ? — The  chemicals  chiefly  used  as  precipitants 
are  lime,  lime  and  sulphate  of  iron,  alumino  feme,  the 
latter  also  sometimes  used  in  conjunction  with  Hme  ; 
which  of  these  is  the  most  suitable  is  a  chemical  question, 
and  can  only  be  ascer&ined  by  experiment  on  the  par- 
ticular sewage  to  be  treated  ;  the  ma^xager  of  a  sewa^a 
works,  if  he  is  a  man  of  intelligence,  will  soon  ascertain 
what  suits  his  particular  case  best  When  the  sewage 
contains  manufacturing  waste  it  will  vary  considerably 
fiom  hour  to  Lour,  and  great  attention  will  be  required 
in  adapting  the  chemicals  to  suit  it.  In  these  cases  it 
is  often  an  advantage  to  use  two  chemicals,  such  as  lime 
and  sulphate  of  iron,  one  being  an  alkali  and  the  othcT 
an  acid. 

6587.  What  information  can  you  give  as  to  the  size, 
kind,  and  mode  of  use  of  settling  tuiks  or  filters  which 
give  the  best  results? — On  the  question  as  to  the  size  of 
purification  tanks  I  am  strongly  of  opinion  that  a  groat 
advantage  is  to  be  gained  by  having  the  tanks  of  large 
eapccity  ;  the  advantage  quite  outweighs  the  extra  coat 
entailed  in  their  construction.  They  should  have  a 
capacity  of  not  less  than  the  volume  of  the  dry  weather 
flow  in  24  hours,  'and  twice  this  oapacity  if  six  times  the 
volume  is  dealt  with,  and  should  be  constructed  so  that 
they  may  be  used  either  on  the  quiescent  or  oontiauous 


flow  system.  During  dry  weather  probably  not  more  than  Mr.HA. 
a  third  of  the  tanks  will  he  in  use,  (but  after  a  flush  of  Tatton. 
ram  some  of  the  extra  tanks  will  be  used  to  receive  the  igN^^goa 
urnt  of  the  storm  water,  which  may  require  subjecting  — '— 
to  special  treatment,  the  later  storm  water  being  treated 
in  the  remaining  tanks  on  the  continuous  flow  system. 
If  the  tanks  are  of  insufficient  capacity  great  dis- 
turbance is  caused  by  storm  water  which  wiU  not  only 
itself  be  insufficiently  precipitated,  but  if  allowed  to 
flow  quickly  through  tanks  in  which  the  ordinary 
sewage  has  been  treated  will  tend  to  carry  forward  pre- 
cipitated sludge,  much  to  the  detriment  of  the  filters 
or  land  on  which  it  is  subsequently  treated.  On  the 
Mersey  and  Irwell  watershed  there  are  over  thirty 
local  authorities  using  filters  at  their  outfall  works. 
They  are  composed  of  sand,  sand  and  polarite,  mag- 
netite, coke,  cinders,  and  coke  and  cinders  combined. 
Some  are  used  by  tnemselves,  others  are  assisted  by 
land ;  the  volume  of  sewage  deal  with  varies  from  45 
gallons  to  1,200  gallonfi  to  the  square  yard,  and  in 
some  cases  is  held  up  in  the  filter,  in  others  passed 
rapidly  through  it.  Success  depends  upon  proper  con- 
struction, on  the  fitering  material  being  of  good 
quality  and  clean,  on  the  distribution  of  the  sewage 
being  regular,  in  the  case  of  rapid  filters  on  the  means 
of  washing  them  being  efficient  and  frequently  used, 
in  the  case  of  biological  filters  on  the  volume  of  the 
sewage  turned  on  to  them  not  being  too  great  and  the 
mineral  solids  being  intercepted,  and  in  all  cases  on  the 
management  being  efficient.  Instances  can  be  given 
where  each  kind  of  filter  has  failed  and  where  eachkind 
has  been  successful,  but  it  ie  impossible  to  say  which 
has  been  proved  to  give  the  best  results  or  that  one 
kind  has  been  proved  to  be  a  failure  or  another  kind  a 
success.  Mechanical  means  have  lately  been  intro- 
duced with  good  results,  for  distributing  the  sewage  by 
means  of  sprinklers.  It  is  claimed  that  under  this 
system  the  filter  may  be  used  continuously  for  long 
periods. 

6588.  Now,  have  yon  got  any  opinion  as  to  this ;  de 
you  believe  that  filtration  is  cniefly  mechanical — that  if 
to  say,  that  a  aewage  that  is  passed  through  Bom 
materials  equally  fine  gets  puorified  irrespective  of  what 
the  maiteriaJfl  consists  of? — It  is  very  hard  to  answer 
that  question.  My  opinion  is  that  in  a  great  measure 
it  is  mechanical  in  the  first  instance,  that  your  filter- 
ing  material  removes  the  organic  matter,  but  the  clean- 
ing of  that  maiterial  is  biological  no  doubt— that  is  fh 
say,  when  the  organic  matter  is  once  retained  in  the 
ni'ateTial  of  the  filter  it  has  to  be  removed  again  from 
that  material  by  biological  action ;  but  I  answer  that 
question  with  great  diffidence,  because  I  am  not  a 
biologist,  but  an  engineer. 

6589.  When  eefWBge  is  going  over  the  land,  do  you 
advise  that  there  should  be  some  kind  of  preliminarr 
treatment,  or  would  you  let  the  raw  sewBge  go  on  the 
land  ? — If  -you  have  preliminaiy  treatment,  &  you  remove 
the  soVid  matter,  you  do  not  require  so  large  an  area  of 
land.  In  that  way  it  is  advanbageous,  and  sSao  if  you  run 
law  sewage  on  to  land  it  may  possibly  cause  a  nuisance. 
In  hot  summer  weather  it  is  moze  likely  to  cause  a 
nuisance  if  tho  solid  matter  flows  on  to  the  land,  and  has 
to  be  treated  on  the  suiface,  than  if  it  has  previously 
been  settled  in  tanJcs. 

6500.  In  most  cases  you  would  he  disposed  to  thizfk 
that  the  preliminary  dreatmemt  for  ffetting  rid  of  the 
solids  was  a  good  tdung  9— -Yes,  I  think  it  is. 

6501.  Is  there  any  particular  way  in  which  you  prefer 
getting  rid  of  the  solids?  I  mean  to  say,  would  you 
screen  them,  or  woixki  you  let  them  go  into  a  settling 
tank^I  should  let  them  fp  into  a  settling  tank,  and 
either  treat  them  by  precipitation  with  chemicals  or 
ordinary  subsidence. 

6502.  Would  you  treat  them  wi«th  chemicals  too,  or 
would  you  simpV  let  them  go  into  a  settling  tank  ?-— If 
your  tanks  are  of  laige  capa^ty  you  can  save  the  cost  of 
chemicals:  you  can  let  the  sewage  pass  through  the 
tanks,  and  tlie  solid  matter  settles  out ;  on  the  other 
hand,  if  your  tanks  are  not  of  large  capacity,  you  must 
use  chemicals  in  order  to  get  the  solid  matter  out  moro 
quickly. 

6593.  Have  you  any  experience  with  these  large  tanks  ? 
— Y«»fl.  I  have  ;  I  have  got  several  works  in  operation  on 
the  Mersey  and  Irwell  watershed,  where  there  are  largo 
tanks  in  operation. 

6594.  And  where  solids  are  allowed  to  settle? — Yes, 
in  some  cnses  they  are  allowed  to  settle,  in  some  cases 
thev  are  oreoipitated  with  chemicals.  I  have  instances  of 
both  kinds. 
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6595.  You  consider  those  tanks  are  satisfoctoiy ;  a4 
least  jou  (K)nsider  that  they  are  desirable? — I  consider 
they  are  a  great  assititBace,  certainly. 

6596.  And  do  you  know  whiBA*  nappens  to  the  sowage 
while  it  is  ii;  those  tanks.  Take  the  case  of  a  tank 
iirst  of  all  where  there  has  been  no  preliminairy 
treatment,  do  you  know  whetther  the  solids  in 
the  tank  diminish  while  they  are  in  the  tank? — ^No^  I 
cannot  tell  you  from  my  own  experience.  I  know  the 
reoult«i  as  regards  that  which  tney  have  got  at  Man- 
chester. 

6597.'  You  do  not  know  from  ywir  own  exi>erieD0e  f— 
No,  I  do  not  know. 

6598.  And  in  the  same  way  you  could  not  say  where 
they  have  been  treated  chemically  ?— Whether  there  ia 
any  reduction  in  the  solids? 

6599.  Yes,  in  tihe  solids,  or  whetther  the  solids  have  in 
any  wtiy  increased  ?-~If  they  are  treated  chemically,  no 
doubt  the  solids  increase,  because,  in  addition  to  the 
solids  in  the  sewage,  you  thave  the  oheomcals  to  remove. 

6600.  As  regards  the  question  of  nuisance,  do  you  con- 
sider &  settHng  tank  is  likely  to  cause  a  nuisance  f— No,  it 
should  not  do  so  if  it  is  properly  managed. 

6601.  How  near  magh*  it  be  to  a  dwelling,  say  ?— Well, 
on  sewage  works-  you  often  have  dwellinge  quite  close  to 
the  settling  tanks;  for  instance,  the  manager  <^  the 
works  and  the  men  usually  live  very  near ;  I  do  not  know 
ttiat  they  suffer  in  any  way  from  it,  but  I  should  not  per- 
sonally care  to  have  a  house  dose  to  a  sewage  works,  but 
that  may  be  prejudice. 

6602.  Do  you  know  any  cases  where  there  is  a  bad 
smell  from  these  settling  tanks  7 — ^Yes,  in  the  summer  I 
have  noticed  smell  from  a  large  area  of  settling  tanks. 

6603.  Hav«  you  had  any  experience  of  open  tanks  and 
ekwef— A  very  few  closed.  I  have  three  small  places 
where  they  have  closed  septic  tanks. 

6604.  And  do  you  know  whether  there  is  any  difference 
in  the  question  of  nuisance  between  open  and  okysed  %-^ 
With  the  closed  septic  tanks  you  are  more  apt  to  have  a 
nuisance  from  the  filters,  as  the  septic  effluent  flows  from 
the  tanks  it  smells  strongly  sometimes.  But  the  tank 
itself  being  closed  up,  no  smeO  comes  from  that  exc^ 
through  the  outlet  through  which  the  water  flows. 

6605.  Of  course,  if  the  smell  is  there  it  does  not  signify 
whioh  place  it  is.  It  is  a  nuisance  anyhow «— Yes,  it 
is;  it  is  very  difficult  to  avoid,  I  think,  any  smell 
at  all. 

6606.  Hiave  you  any  experience  of  attempts  towards 
artificially  prepared  land  oy  the  addition  of  chalk  or 
cinders  or  other  material  or  digging  out  the  top  soil 
and  burning  it  and  replacing  it? — At  Eccles  they  have 
done  a  certain  amount  m  that  direction ;  ther  have  dug 
ashpit  refuse  into  the  land ;  it  is  a  heavy  loam,  with 
beneficial  results,  and  I  know  at  Wimbledon  they  have 
turned  the  clay  there  into  burnt  ballast  Of  course, 
yoii  can  do  that;  you  can  bum  the  clay,  but  it  is  an 
expensive  process ;   that  can  be  done. 

6607.  I  only  want  to  ask  you  where  you  have  actu- 
ally seen  and  known  the  process? — Yes,  quite  so. 

6608.  But  you  have  known  it?— Yes,  I  haveu 

6609.  That,  I  suppose,  increases  the  capacity  of  the 
land  for  filtrtttion  f—lt  does  somewhat, « no  doubt.  I 
have  had  no  experience  as  to  digging  it  in  in  heavy 
clay.  I  should  doubt  whether  that  would  be  a  success 
permanently. 

6610.  Can  you  give  any  opinion  as  to  whether  the 
results  of  such  a  process  are  permanent,  or  only  tem- 
porary?— At  Eccles  they  are  constantly  digging  in  the 
ash-pit  refuse. 

6611.  They  would  have  to  go  on  doing  so^I  think 
so. 

6612.  Have  you  any  opinion  as  to  how  frost  and 
snow  would  affect  purification? — ^Very  hard  frost  will 
affect  purification  on  clay  land.  I  remember  one  hard 
winter  some  years  ago  at  Tyldesley  there  was  a  great 
diepth  of  ice,  something  like  9  inches  in  some  places  on 
the  surface  of  the  land ;  it  was  heavy  day  land,  and  the 
water  simply  flowed  over  the  surface,  but  in  ordinary 
winters  I  think  that  no  trouble  is  found  as  regards 
frost  The  temperature  of  the  sewsjre  itself  usually 
keeps  either  the  fllter  beds  or  the  land  open. 

6613.  You  do  not  think  it  is  a  very  important  ques- 
tion ? — Ko,  I  do  not  think  it  is. 

6614.  Then  do  you  consider  that  the  cropping  of  the 
land  effects  its  power? — ^I  think  it  is  an  assistance  so 
long  as  you  use  the  right  crops.     I  think  the  best  of 


all  is  rye  grass.  It  absorbs  a  large  amount  of  mota- 
ture,  and  you  get  very  heavy  crops  frcMU  it;  you  caa 
get  five  or  six  crops  of  it  in  the  year  off  the  land.  Po- 
tatoes or  com  should  not  be  sown  at  all. 

66151  Because  it  prevents  the  sewage  being  applied 
to  the  land  at  all  for  so  long,  I  suppose  ?—<2uite  so, 
during  the  summer  months,  which  is  the  most  impor- 
tant  time  to  purify  the  sewage  properly,  they  are  not 
able  to  turn  the  sewage  on  to  those  crops  because  it 
would  spoil  them.  In  many  places  they  use  willows- 
put  down  willow  beds,  but  I  do  not  much  like  willgnr 
beds  myself,  because  when  thev  grow  up  th^  keep  the 
air  from  the  soil,  and  make  the  proper  supervision  of 
the  surface  a  difficult  matter,  so  that  weak  places 
caused  by  settlement  or  by  rats,  moles,  etc,  are  diffi- 
cult to  detect 

6616.  Du  yoQ  imagine  that  the  growth  of  willows 
really  helps  the  land  to  purify?— Ttere  is  no  doubt 
that  willows  absorb  a  large  amount  of  moisture,  but 
I  would  very  much  rather  have  no  willows  at  all,  it  is 
so  important  to  let  the  air  get  to  thoroughly  aerate  the 
surface  of  the  land  ;  it  is  of  far  greater  importance  than 
the  absorption  of  water. 

6617.  Would  you  rather  have  a  grass  field? — I  would 
rather  have  ryegrass  than  anything  else. 

6616.  Now,  speaking  from  your  own  experience  of 
sewage  farms  would  you  say  that  the  length  of  time 
that  the  land  has  been  at  work  has  any  effect  on  it^ 
or  that  if  it  is  properly  managed  it  can  go  on  indefi- 
nitely?— If  it  is  properly  managed  and  the  land  is 
not  overdone  with  sewage  it  can  go  on,  I  think,  in- 
definitely. We  have  had  farms  that  6ave  been  in 
operation  from  ten  to  fourteen  years.  Very  often  one 
hears  that  a  farm  is  done,  is  no  use  any  longer,  but  in 
every  case  it  is  because  toK)  much  sewage  has  been  turned 
on  to  it,  or  because  the  farm  has  been  badly  managed. 
The  population  increases,  and  they  go  on  sending  the 
sewage  to  the  same  farm,  and  t£e  result  is  that  it 
turns  sick,  as  they  say,  and  will  not  treat  the  sewage 
properly,  bub  if  you  keep  to  a  moderate  amount  of 
sewage  on  the  land  I  do  not  see  any  reason  why  it 
**hould  not  act  indefinitely. 

6619.  Go  on  indefinitely? — ^Yes,  I  tliijik  so. 

6620.  What  number  of  sewage  farms  have  you  know- 
ledge of  ? — I  have  got  29  outfalls  where  land  is  used,  on 
the  Mersey  and  Irwell  w.atershed. 

6621.  Twenty-nine?— <rwent;r-nine,  I  think,  where 
land  is  used  either  with  precipitation  and  land  filtra- 
tratioa,  or  with  subside tice  and  land  filtration,  or  with 
broad  irrigation. 

6622.  Twenty- nine  where  they  use  land? — Twenty- 
nine  where  they  use  land  in  one  form  or  another. 

6623.  Do  you  know  in  those  25  farms  in  how  many 
cases  the  effluent  comes  up  to  the  Mersey  and  Irwell 
standard? — I  have  the  percentages  here.  It  is  worked 
out  in  rather  a  different  way.  (5f  the  precipitation 
and  land  filtrati^on  outfaJls  for  domestic  sewage  only, 
84  per  cent,  of  the  samples  come  within  our  limit ;  of 
those  using  land  with  subsidence  8d  per  cent,  come 
within  our  limit.  Under  broad  irrigation  14  farms  to 
which  domestic  sewage  only  is  taken  82  per  cent,  come 
within  our  limit,  and  the  three  farms  where  sewage 
mixed  with  trade  refuse  is  taken  42  per  cent,  come 
within  our  limits.  That  is  to  say  that,  roughly  speak- 
ing, the  results  obtained^  by  the  mixed  sewage  are  only 
half  as  good  as  those  obtained  with  domestic  sewage. 

6624. 1  suppose  that  in  any  case  the  filtration,  whether 
it  is  of  land  or  whether  it  is  through  artificial  medium, 
great  care  is  required? — Oh,  yes,  that  is  of  vital  im- 
portance in  any  case. 

6625.  In  any  system? — Good  management  is  of  the 
greatest  importance  in  any  system,  and  the  want  of  it 
always  leads  to  failure.  Local  authorities  are  often 
slow  to  recognise  this  part,  and  loath  to  give  the  wages 
necessary  to  secure  a  competent  man.  Another  cause 
of  failure  is  the  subletting  of  sewage  farms  to  farmers, 
whose  chief  object  is  naturally  to  make  a  profit,  the 
efficient  treatment  of  the  sewage  being  considered  of 
secondary  importance. 

6626.  You  do  not  think  that  on  a  sewage  farm, 
an  ordinary  farmer  would  understand  it? — "So.  You 
must  have  a  man  who  is  speciallv.  trained.  If  he  is  to 
look  after  a  sewage  farm  he  must  have  been  specially 
trained  for  that  particular  kind  of  work.  It  is  no 
use  taking  a  man  who  has  been  used  to  look  after 
filter  beds  to  look  after  a  sewage  farm,  as  in  this  case 
he  requires  a  knowledge  of  farmmi?  in  addition  to 
experience  in  the  treatment  of  sewage.  Similarly  it  is 
no  use  taking  a  man  who  has  been  used  to  a  sewage 
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farm  to  look  after  filter  beds ;  he  mast  have  a  training 
in  that  particular  line  hm  is  to  attend  to. 

6627.  From  your  experience  with  trade  refuse  would 
70a  say  that  a  mixture  of  domestic  sewage  and  trade 
refuse  was  harder  to  deal  with  than  domestic  sewage 
alone  ? — ^Yos,  it  is,  undoubtedly  ;^  you  get  a  greater 
irregularity  in  the  flow,  not  only  In  quantity  but  also 
in  qnality.  The  extra  Tolume  must  be  allowed  for 
and  the  outfall  works  and  sewers  must  be  increased 
in  cafMt.ity  in  proportion  to  the  increased  volume  due 
to  it ;  that  is  to  say,  supposing  the  trade  waste  is 
equal  in  v^ume  to  the  domestic  sewage,  the  works  must 
be  designed  on  a  scale  estimated  to  deal  with  twice  the 
Yolume  ox  domestic  sewage,  and  tiie  dry  weather  flow 
must  be  estimated  at  a  time  when  the  trade  waste  is 
flowing.  Wlien  sewage  containing  any  considerable 
amount  of  trade  waste  is  treated  on  land  I  should 
consider  it  advisable  that  there  should  be  preliminary 
treatment  in  precipitation  tanEs.  Certain  sorts  of 
trAde  waste  do  undoubtedly  complicate  the  treatment 
of  the  sewage  with  which  they  are  mixed,  but  this 
difficulty  may  be  overcome  by  preliminary  treatment 
before  admission  into  the  sewers,  which  need  not,  how- 
ever, be  carried  to  the  extent  of  purification,  the  object 
aimed  at  being  firstly  to  intercept  any  solids  in  sus- 
pension which  might  cause  silting  up  of  the  sewer 
and  secondlv,  to  prevent  undue  difficulties  being  created 
in  the  treatment  at  the  outfall  works.  The  waste  from 
breweries,  distilleries,  and  woollen  works  increase  the 
difficulties  of  treatment  at  the  outfall  if  the  volume  m 
proportion  to  the  sewage  is  considerable,  and  pro- 
liminary  treatment  by  precipitation  should  be  adopted  ; 
in  the  case  of  woollen  works  this  treatment  may  be  con- 
fined to  the  extraction  of  the  grease  from  the  more  highly 
polluting  portions  of  the  waste. 

Tannery  waste  contains  a  large  amount  of  solid  matter 
which  should  be  intercepted  before  entering  the  sewers. 
The  -waste  from  the  works  of  fellmongers  and  simihur 
trades  is  of  a  very  foul  character,  and  contains  a  large 
amount  of  organic  matter.  It  should  be  given  pre- 
liminary treatment  before  being  admitted  into  the 
sewers,  but  even  if  this  is  done,  not  only  the  increased 
Toiume  but  also  the  larger  proportion  of  organic  matter, 
as  compared  with  ordinary  eewage,  will  have  to  be  taken 
into  consideration  in  making  the  necessary  allowance  at 
the  outfall  works.  The  waste  from  dye  works,  chemical 
works,  and  ironworks  should  pass  through  subsidence 
tanks  without  chemical  treatment  before  admission  into 
the  sewere.  These  tanks  should  be  sufficient  to  intercept 
the  solids  and  to  equalise  the  flow.  It  is  especially 
necessary  to  equalise  the  flow  in  the  case  of  ironworks, 
where  tanks  of  acid  liquor  are  let  off  periodically.  If 
this  liquor  is  discharged  uniformly  into  the  sewers  it 
aasists  precipitation,  whereas  if  it  is  discharged  in  large 
quantitieit  at  intervals  it  complicates  the  treatment  at 
the  outfaF. 

6628.  Have  you  any  experience  of  sewage  going  into 
ti<^  rivers  or  the  sea — personal  experience! — ^I  have 
very  slight  experience. 

6629.  Very  slight? — I  have  some;  I  know  that  they 
have  complaints  in  Lancashire  outside  the  Mersey  of 
mud  on  the  foreshore  near  Formby. 

6630.  You  have  never  had  to  consider  the  effect  of 
sewage  on  oysters  or  mussels  or  shell  fish? — No,  not  at 
all ;  no. 

6631.  (Mr.  Killick,)  With  regard  to  the  suitability  of 
land  to  purify  sewage,  I  suppose  your  opinions  are  sum- 
marised in  the  table  which  you  have  handed  ml — ^Yes, 
that  is  so. 

6632.  Gould  you  briefly  tell  us  how  you  formed  these 
opinions? — On  the  Mersey  and  Irwell  watershed  the 
Sfretford  Farm  is  one  of  tne  most  satisfactory  ones,  and 
the  effluents  obtained  from  it  are  invariably  good ;  the 
subsoil  is  alluvial;  the  farm  is  drained  throughout.  In 
1895  the  population  (8,600)  draining  to  it  was  at  the 
ratio  of  200  persons  per  acre,  but  the  land  was  found  to 
be  getting  overworked,  and  an  extra  area  has  been 
bought  which  has  reduced  the  ratio  to  150  per  acre. 
The  farm  is  arable,  and  deals  with  the  whole  of  the 
storm-water  except  in  exceptional  storms.  A  good  ex- 
ample of  a  broad  irrigation  svatem  is  the  Oioydoxi  Sew- 
age Farm  at  Beddington,  where  the  8>torm  water  aiid 
sewage  from  a  population  of  100,000  persons  is  dealt  with 
on  an  area  of  450  acres,  giving  a  ratio  of  222  to  the  acre. 
The  farm,  however,  is  worked  to  its  utmo^  capacity, 
and  the  engineer  is  now  putting  down  contact  beds  with 
the  object  of  reducing  the  amount  of  sludge  whid^  tends 
to  foul  the  land;  h  is  very  suitable  as  regards  position 
and  fall,  has  a  gravellf  subsoil,  and  is  very  well  laid  out 
It  is  evident  thwefore,  that  even  under  the  most  favour- 


able circumstances  a  ratio  of  222  persons  to  the  acre  is    Mr.  n.  a, 
too  high  for  a  broad  irrigation  farm ;  100  is  probably  a     Taiton. 
safe  limit  to  commence  with,  which  might  be  raised  m  i5Kot.i90S. 

exceptional  cases  to  150.     Peat  land  is  quite  unsuitable      

for  broad  irrigation,  as  without  efficient  drainage  the 
peat  becomes  waterlogged;  it  can  only  be  used,  there- 
fore, on  the  intermittent  system.  The  Altrinchiskm  and 
Wilmslow  (southern)  farms  both  contain  a  conaiderable 
amount  of  peat,  and  are  underdrained.  The  Altrincham 
Farm  deals  with  340  persons,  and  the  Wilmslow  Farm 
300  to  the  acre,  but  in  neither  case  is  the  storm  water 
dealt  with  to  any  extent.  Under  proper  conditions  I 
think  that  100  to  the  acre  is  the  maximum  ratio  which 
should  be  allowed.  Clay  land  can  only  be  used  on  the 
broad  irrigation  system.  It  must  not  on  any  accoimt  be 
drained,  as  crocks  occur  in  dry  weather,  which  permit 
the  sewage  to  find  its  way  unpurified  into  the  drains; 
these  cracks  extend  to  a  considerable  depth,  and  I  know 
of  no  means  by  which  they  can  be  avoided. 

At  Tyldesley  (population  14,500)  and  West  Houghton 
(population  10,500)  clay  farms  were  in  operation  in  1895, 
the  ratio  of  persons  to  the  acre  being  in  the  case  of 
Tyldesley  100  and  West  Houghton  175.  The  treatment 
in  both  cases  was  a  complete  failure,  and  precipitation 
tanks  and  filter  beds  had  to  be  constructed. 

As  to  the  amount  of  sewage  which  can  be  treated  on 
a  clay  broad  irrigation  farm  I  should  say  that  the  ratio 
should  not  be  greater  than  50  persons  per  acre  ;  it  is  pos- 
sible that  this  estimate  is  a  too  hopeful  one ;  the  whole  of 
the  treatment  will  have  to  take  place  on  the  surface,  and 
longer  periods  of  rest  will  have  to  be  allowed  for  the  land 
to  dry,  as  this  will  be  effected  more  by  evaporation  than 
by  percolation, 

day  land  is  wholly  unsuitable  for  intermittent  filtration 
for  reasons  stated  above,  but  it  may  be  turned  into  filtra- 
tion plots  by  burning  the  clay,  as  has  been  done  at  Wim- 
bledon. Lightening  clay  land  with  cinders  has  also  been 
attempted,  but  although  this  course  may  improve  matters 
for  a  time,  I  cannot  think  that  the  improvement  will  be 
permanent. 

Comparing  arable  land  with  pasture  land  is  somewhat 
difficult,  as  1  know  of  no  cases  of  a  sewage  farm  being 
entirely  pasture ;  as  a  rule  only  a  small  portion  (if  any) 
is  pasture.  I  should  say,  however,  that  pasture  land 
wpl  not  deal  with  the  volume  that  arable  land  will  deal 
with,  owing  to  the  fact  that  the  surface  of  the  pasture 
land  cannot  be  ploughed  and  aerated,  conditions  of  great 
importance  to  the  success  of  a  sewage  fann. 

6633.  At  Stretford  is  the  whole  of  the  storm-water 
treated? — ^Yes  the  whole  of  it;  it  is  very  exceptional 
that  any  storm-waker  flows  over. 

6634.  Is  the  sewage  treated  before  going  on  to  the  land? 
—No,  it  is  passed  on  to  the  land  direct,  and  the  land  ia 
underdrained,  and  therefore  I  have  included  Stretfoni 
under  the  intermittent  filtration  in  the  second  part  of 
that  table. 

6635.  Peat  land  you  describe  as  unsuitable  for  broad 
irrigation,  but  suitable  for  intermdttent  filtration ;  have 
you  any  instance  of  peat  land  ?— Yes,  Wilmslow.  Wilm- 
slow is  one  instance  where  it  is  underdrained.  They 
do  fairly  well  there,  but  they  do  not  deal  with  a  laroe 
volume  of  storm  water.  Altrincham  is  overdone  at  the 
present  tame,  and  application  has  been  made  to  the  Local 
Government  Board  for  borrowing  powers  to  increase 
their  area.  We  have  had  good  results  from  Altrincham. 
Peat  land  must  be  underorained,  because  being  so  ab- 
eorbent,  unless  it  is  you  would  never  get  rid  of  the 
wiater  from  it  •  it  would  be  always  in  a  spongy  condi- 
tk>n. 

6636.  And  undefdraincd  peat  land  is  suitable  for  farm 
treatment?— Yes,  it  ie. 

6637.  In  this  table  have  you  calculated  for  the  normal 
flow  or  from  a  multiple  of  the  normid  flow?~~In  this 
table  I  have  estimated  that  the  areas  which  I  give  shoidd 
deal  with  three  times  the  dry  weather  flow. 

6638.  Three  times  the  drjr  weather  flow?— Yes,  with 
the  exception  of  the  clay  land.  It  is  very  difficult  to- 
ssy what  volume  clay  land  will  deal  with,  because  the 
sewage  must  not  in  any  case  flow  through  it.  You  must 
not  underdrain  clay  land.  If  you  do,  cracks  occur  in 
the  summer  and  the  sewage  finds  its  way  through  the 
cracks  direct  into  the  underdrains.-  I  think  in  that  table 
Home  allowMice  would  have  to  be  made  for  storm  water 
on  clay  land,  otherwise  with  the  light  gravel  and  heavy 
loam  the  areas  which  I  have  given  should  be  capable  of 
dealing  with  the  whole  of  the  flow,  with  certainly  three 
tjmes  the  dry  weather  flow,  and  up  to  as  much  as  six 
times  Qccasionidly  in  the  case  of  a  very  heavy  storm. 

6639.  In  all  cases  do  you  think  that  land  is  necesaarr 
even  after  the  sewage  Las  been  treatoi  by  chemical  fif- 
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MrB  A    tradon  or  bacteria  beds  ?— No,  I  ao  not  think  it  "  ^ecear 
Tattin. '    sary.     We  get  very  good  results  from  bacteria  beds  ana 

iKNi^Tifloo  from  filters.    We  get  results  which  are  quite  good  enough 
wisoT^wo.  ^  ^^  .^^^^  ^  ^^^^  ^^^^  .g  ^^  ^g^  Iqj.  drinking  pur- 
poses. 

6640.  Could  you  give  us  any  instances  of  effluents 
from  bacteria  beds  in  your  watershed  ?— We  have  good 
results  from  Oldham.  They  have  the  largest  area  of  bac- 
teria beds. 

6641.  Could  you  give  us  any  figures  in  regard  to  Old- 
ham as  to  the  area  of  the  bacteria  beds  or  the  volume 
that  thev  are  treating?— In  the  nearly  part  of  this  year 
they  had  an  area  of  18,920  square  yards,  and  they  were 
treating  at  that  time— I  am  not  perfectly  certadn  of  this 
%ure,  but  the  d^  weather  flow  is  3,250,000  gallons,  and 
they  were  treating  about  half  at  that  time  on  their  bacteria 
beds. 

6642.  About  1,500,000  gallons  I— About  1,500,000 
gallons. 

6643.  And  what  is  the  whole  process  in  this  case  of 
the  bacteria  bed«  at  Oldham  7- In  the  first  instance  the 
sewage  is  passed  through  settling  tanks ;  at  the  present 
time  no  precipitant  is  used  at  ail;  it  is  merely  passed 
through  the  settling  tanks,  and  the  effluent  from  those 
is  passed  direct  on  to  these  bacteria  beds. 

6644.  And  are  those  effluents  satisfactory  that  come 
from  the  bacteria  beds?— Yes,  they  are  perfectlv  satis- 
factory ;  they  always  come  within  the  limits ;  they  are 
generally  about  '7  or  '8. 

6645.  How  long  have  any  of  these  bacteria  beds  at 
Oldham  been  working? — ^About  two  years. 

6646.  Do  you  know  how  far  those  beds  have  decreased 
in  capacity? — No,  I  cannot  tell  you  that. 

6647.  Is  it  single  or  double?— It  is  single  filtration. 

6648.  Single  contact  ?— Yes. 

6649.  Have  vou  another  instonce  of  bacteria  beds  in 
the  watershed  ?— They  have  bacteria  beds  at  Bomilly, 
but  it  is  a  very  small  place.  I  do  not  think  it  is  a  ffood 
instance  to  give  you.  Swinton  is  another  place  where 
bacteria  beds  have  been  uaed — tliat  is  to  fay,  when  I  say 
bacteria  beds  I  mean  the  sewage  has  been  held  up  in  a 
bed  instead  of  being  streamed  through. 

6650.  At  Swinton  have  the  beds  been  in  operation  for 
some  time  ?— Yes,  they  have ;  but  they  are  not  very 
satisfactory  at  present.  They  have  been  overdone,  they 
have  been  overdosed. 

6651.  Have  you  any  opinion  as  to  loss  of  capacity? — 
Ko  ;  I  have  not  as  to  loss  of  capacity.  I  have  a  number 
of  places  where  filters  are  used  where  the  sewage  is 
streamed  through  them,  such  as  Astley  Bridge ;  they 
have  polarite  and  cinders  there,  and  Mossley,  polarite 
and  sand,  and  a  large  number  of  other  places.  Heaton 
Norris  is  a  good  place ;  there  vJiey  get  good  results  from 
sand  filters  after  precipitation. 

6652.  All  these  places  turn  out  satisfactory  effluenla} 
— ^Yes,  they  do. 

6653.  And  some  of  them  hare  been  working  for  a  fair 
length  of  time  ? — ^Yes,  a  fair  length  of  time — some  years. 
I  may  say  the  tendencv  is  always  the  same  with  land  as 
with  filter  beds,  it  is  always  to  overdo  the  filters  and  the 
land.  As  the  population  increases  provision  is  not  always 
made  for  that  increase,  and  that  is  accountable  for  a 
great  many  failures. 

6654.  Should  storm  overflows  be  fixed  or  movable? — 
They  should  be  fixed,  as  a  rui«.  If  sluices  are  used 
they  should  only  be  used  simply  to  protect  the  works 
on  an  emergency,  if  a  big  flood  comes  down  that  it  is 
impossible  to  deal  with.  t 

6655.  That  is  at  the  outfall  works? — ^At  the  outf&U 
works,  and  it  should  certainly  be  under  the  sole  control 
of  the  manager  ;  it  should  myt  be  possible  for  any  work- 
man to  open  the  duices  and  let  all  the  sewage  into  the 
river ;  the  manager  should  have  personal  control  over 
them,  and  I  think  if  the  sluice  is  used,  on  every  occasion 
he  ought  to  notify  the  river  authority  that  it  has  been 
necessary  to  do  so. 

6656.  At  Tvliait  point  would  you  fix  these  sluices,  the 
^        oreiflowB? — The  fixed  oiverflows? 

6657.  Yes  ;  what  point,  '^h&t  time,  what  dSutions  ? — 
It  is  very  difficult  to  answer  that  question,  because  it 
varies  with  different  places  no  much,  but  I  should  think 
that  six  times  the  dry  weather  flow  is  a  very  fair  amount 
to  treat.  I  think  that  if  they  do  treat  that  volume  the 
remainder  should  be  allowe<fi  to  flow  over  the  overflow. 

6658.  And  the  overflows  in  the  sewers,  what  should  you 
fix  those  at  ?— I  should  fix  those  at  the  same  dilutions  ; 


you  are  supposing  you  have  overfiows  on  the  line  of  the 
sewers. 

6659.  On  the  line  of  the  main  sewers,  yes  ? — They  ought 
all  to  -be  the  same. 

6660.  Have  you  any  observations  of  overflows  over  any 
line  of  sewers  or  at  the  outfall  works  as  to  the  timo 
they  come  into  operation  ;  the  length  of  time  they  are  in 
operation,  and  the  volume  of  the  overflow? — ^No,  I  have 
not. 

6661.  Would  It  be  possible  by  arrangement  with  the 
authorities  to  get  some  evidence  <m  these  subjects? — ^It 
is  veiy  difficult.  At  Manchester,  for  iastance,  dthere  sra 
a  large  number  of  storm  overflows  on  the  kne  of  sewer, 
and  tiie  total  discharge  would  be  very  difficult  to  caiculatt. 

^)662.  It  would  'be  an  advantage  if  one  or  two  typical 
oases  were  to  be  chosen  and  watched  ?-^At  the  same  time 
taking  observations  of  the  result  of  the  dilution,  yon 
mean? 

6663.  Yes,  and  of  the  time  taken? — And  of  the  time 
taken,  yes,  it  would  no  doubt. 

6664.  You  see  you  are  asked  a  question  here:  "As- 
suming the  overflows  are  fixed  at  such  a  point  that  they 
will  not  come  into  action  until  the  sewage,  during  that 
part  of  the  day  when  it  is  flowing  at  t^e  maximum  rate, 
is  diluted  with  five  times  its  volume  of  storm  water,  what 
may  be  expected  to  be  the  maximum  total  volume  of 
sewage  delivered  at  the  outfall  during  any  one  day  of 
24  hours  in  a  town  (a)  having  a  complete  system  of 
surface  water  sewers;  (b)  having  no  separate  system f 
—Yes. 

6666.  Those  questions  must  be  answered  from  soioe 
estimates  in  your  own  mind? — Well,  the  flows  at 
Manchester  have  been  taken. 

6666.  At  die  outfall  ?— At  the  outfall  works ;  I  think 
you  have  that  information  before  you. 

If  a  complete  system  of  surface  water  sewers  has 
been  put  down,  the  volume  of  water  delivered  at  tlw 
outfall  works  will  not  be  materially  affected  by  storm 
water,  and  the  maximum  total  volume  will  consist  of 
the  water  consumed  for  domestic  and  manufacturing 
purposes,  if  the  latter  is  turned  into  the  sewers,  in 
addition  possibly,  to  a  small  quantity  of  subsoil  water. 
These  are  all  variable  quantities,  the  water  supply  may 
be  anything  between  10  and  60  gallons  per  head,  and 
must  be  known  definitely  before  an  estimate  of  the 
total  volume  of  sewage  can  be  made. 

If  there  is  no^  separate  system  for  surface  water  the 
volume  delivered  at  the  outfall  in  one  day  of  24  hours 
will  depend  not  only  upon  the  total  rainfall  for  tho 
day,  but  on  the  distribution  of  the  fall  throughout  the 
day.  In  the  case  of  a  heavy  fall  of  rain  of  one  hour's 
duration,  possibly  one  half  of  the  increased  flow  due 
to  the  rain  would  pass  away  by  the  storm  overflow, 
whereas  if  the  same  fall  of  rain  were  distributed  over 
three  or  four  hours  the  whole  of  the  volume  might  flow 
to  the  outfall.  An  estimate  of  the  maximum  total 
volume  to  be  expected  can  therefore  only  be  approxi- 
mate, but  it  may  possibly  be  taken  at  from  3  to  4 
times  the  dry  weather  flow.  At  the  Stretford  outfall 
the  maximum  volume  pumped  in  24  hours  is  slightly  in 
excess  of  3  times  the  dry  weather  flow ;  the  sewage  is 
pumped  from  a  large  receiving  tank  which  to  some  ex- 
tent regulates  the  flow ;  it  is  on  very  rare  occasions 
that  the  storm  overflow  comes  into  operation. 

This  total  maximum  volume  will  be  delivered  at 
rare  intervals  only,  probably  less  than  six  times  a 
year,  but  provision  will  have  to  be  made  for  it. 

6667.  Do  you  not  think  it  possible  if  the  Chairman 
was  to  write  to  the  Mersey  and  Irwell  Joint  Committee, 
asking  their  help  to  obtain  this  information,  that  in 
conjunction  with  the  sanitary  authorities  we  might 
arrange  to  obtain  some  reliable  data? — Well,  we  could 
do  our  best  to  get  it.  You  want  some  place  where,  if 
possible,  all  the  sewage  comes  down  to  one  overflow. 
In  most  towns  you  have  overflows  all  along  the  line  of 
the  sewers,  as  you  have  at  Manchester.  It  is  a  most 
difficult  thing  to  estimate  all  those,  and  what  the  dia- 
charge  would  really  come  to. 

6668.  You  could  not  take  it  for  the  whole  city,  but 
if  you  took  typical  instances  of  either  flat  country  or 
hilly  country  and  kept  a  record  of  the  rainfall,  it 
would  be  useful  information? — Yes;  well,  if  I  am 
asked  to  give  thait  information  I  will  do  my  best  to 
obtain  it.  But  as  regards  the  very  high  floods,  those 
which  are  up  to  six  times  the  dry  weather  flow,  tber# 
is  no  doubt  they  do  occur  very  seldom.  At  Sixetford 
I  know  that  tflie  stonn  oveorflow  veiy  seldom  ovecflows. 
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6660.  Do  jou  form  any  estimate  aa  to  the  amount 
in  24-  houFB  tihe  sefwage  works  would  be  called  upon  to 
tceat  under  the  conditions  of  the  heaviest  storm  re^ 
corded? — ^I  should  think  roughlj  three  or  four  times 
the  dry  weather  flow  that  is  treated  at  Stretford. 

6670.  (Colonel  Harding.)  You  have  not  said  anything 
to  us  about  sand,  sandy  land,  and  its  suitability  for  fil- 
tration. Have  you  any  experience  of  sandy  land,  and 
especially  of  red  sand  ?-— No,  I  have  none,  not  of  actual 
sandy  land,  only  light  loam. 

667L  In  your  area  you  have  not  any  sandy  lands? — 
No,  we  have  none  at  all. 

6672.  I  think  you  mention  that  in  regard  to  subsoil 
water,  sites  should  not  have  subsoil  water  at  a  less 
depth  than  5  feet  from  the  surface  9 — ^Yes  ;  that  is  so. 

6673.  Your  idea  being  that  6  feet  of  percolation 
is  necessary  for  purification  for  most  soils?--'!  think  it 
is  a  great  advantage  to  leave  5  feet  if  vou  can  get  it, 
but  in  any  case  your  subsoil  water  ought  to  clear  the 
drains  below  entirely. 

6674.  But  in  certain  cases,  especially  if  there  is  pre- 
liminary settlement  less  than  5ft.  percolation  should 
give  adequate  results  with  suitable  lands? — ^Yes,  they 
do,  but  I  should  think  from  4  to  5  feet  is  more  satis- 
factory. 

6675.  It  is  obviously  desirable  if  you  can  get  it? — 
Yes,  it  is. 

6676.  But  I  suppose  I  may  take  it  that  where  you 
have  preliminary  treatment,  say,  by  septio  tanks  and 
bacteria  beds,  to  some  extent  not  purifying  the  sewage, 
but  partly  purifying  the  sewage,  a  considerable  less 
depth  than  5  feet  would  be  sufficient  for  the  final  puri- 
fication?— ^We  have  cases,  no  doubt,  where  it  is  as  low 
as  3  feet  6  inches,  and  you  get  good  results.  It  can 
be  done,  but  it  requires  more  careful  watching. 

6677.  There  are  cases  where  it  is  suggested  that 
passing  bacteria  beds  over  lands  would  be  an  advantage 
where  a  sufficient  degree  of  purity  is  not  reached  by  the 
bacteria  beds,  and  where  the  effluent  has  to  be  passed 
finally  over  land.  In  those  cases  I  should  think  much 
less  than  3  feet  would  be  sufficient? — Of  course,  the 
land  would  have  much  less  to  do  then. 

6678.  In  calculating  the  area  of  land  required,  I 
suppose  the  thing  to  guide  you  is  the  amount  of  water 
which  can  be  percolated  through  the  land  apart  from 
the  impurities,  especially  dissolved  impurities,  which 
such  water  may  contain  ?^Quite  so  ;  that  is  one  factor. 

6679.  It  is  an  important  factor,  is  it  not? — Yes,  a 
very  important  factor. 

6680.  So  when  we  speak  of  storm  waters,  though 
they  may  be  very  dilute,  and  contain  a  comparatively 
small  quantity  of  impurities,  there  is  a  limit  even  with 
storm  waters  ? — Certainly  there  is. 

668L  That  being  the  amount  which  can  be  percolated 
through  a  given  quantity  of  land?— Yes,  that  is  so; 
unless  you  use  it  with  broad  irrigation,  and  flow  over 
the   suiftace. 

6662.  And  I  notioe  that  you  say  that  where  stonn 
waters  are  to  be  dealt  with  on  land,  the  ajrea  of  tbe 
land  muet  be  calculated  upon  th«  maximum  volume 
of  the  storm  water? — Yes. 

6663.  You  do  not  think  in  the  case  of  a  farm  which  is 
laid  out  upon  the  volume  of  the  dry  weather  flow,  that 
storm  waters  can  be  dealt  with  at  all? — ^No;  not  if  it 
is  only  laid  out  to  deal  with  the  dry  weather  flow. 

6684.  In  regard  to  the  necessity  of  settling  solids 
whose  sewage  is  going  upon  land,  you  say  that  except 
in  situations  where  villages  and  dwellings  are  remote 
from  the  sewage  farm,  i<t  is  desirable  to  settle  the 
solids  ? — I  think  it  is  better  to  do  so 

6886.  I  gather  from  that  that  your  opinion  is  that 
it  is  the  solids  and  the  decomposition  of  the  solids 
rather  than  the  dissolved  impurities  that  cause  nui- 
aance  on  a  form  ? — ^Exactly ;  ^  if  the  farm  is  at  all  over- 
worked, the  solid  matter  is  liable  to  remain  on  ihe  sur- 
face of  the  land,  and  in  hot  weather,  no  doubt,  that 
may  cause  a  nuisance. 

6686.  You  have  spoken  about  tiie  difficulty  whioh 
arises  from  the  mixture  of  trade  effluents  with  sewage 
on  account  of  the  variation  in  the  coimpoeition  of  the 
sewage  coming  into  the  works  ? — Yes. 

6687.  Therefore,  I  take  it,  that  where  you  have 
mixed  sewage,  you  consider  it  very  desirable  to  have  an 
equalising  tank? — ^In  the  works. 

6668.  As  a  first  process ;   to  have  a  receiving  tank 
1213. 


which  would  equalise  the  sewage  ? — ^You  mean  before  it   j/r.  n.  it. 
goes  into  the  sewers,  or  after  ?  Tatton. 

6689.  No,  I  mean  before  it  is  treated  on  the  land  ?—  isxovawo. 
Well,  what  I  should  very  much  prefer  is  to  have  a  tank 
at  the  manufactory,  so  that,  for  instance,  in  the  case  of 
a  dye  works,  when  they  run  off  their  dye  tanks,  the 
volume  of  dye  water  should  not  come  down  with  a  rush 
to  the  sewage  works. 

6600.  You  suggest  a  tank  at  each  work  so  that  there 
diould  be  an  equalised  flow  spread  over  the  24  hours, 
instead  of  a  rush  at  any  part  of  the  day? — ^Yes. 

660 L.  An  arrangement  taken  already  in  many  places? 
— ^Yea,  that  is  so. 

6602.  If  at  the  sewage  works  there  was  a  receiving 
tank  to  be  used  either  as  a  settling  tank  or  a  septic  tank, 
if  it  were  of  adequate  area  you  would  not  mind  these  occa- 
sional rushes,  because  there  would  be  an  equalisation  of 
the  sewage  by  such  tank  ? — I  do  not  think  you  would  get 
it  really  equalised  in  that  way. 

6603.  Not  if  it  contained  24  hours'  supply? — ^That 
means  a  very  laige  tank. 

6604.  Yes? — ^No,  I  would  rather  have  the  ordinary 
tanks  increased  in  number,  because  if  you  have  a  large 
receiving  tank  you  have  to  deal  with  the  sludge  in  any 
case,  which  is  a  great  difficulty  from  a  large  receiving 
tank. 

6605.  Then  I  gather  from  your  answer  that  you  think 
it  very  desirable  that  where  trade  effluents  are  turned 
into  sewers  there  should  be  a  settlement  of  solids  before 
the  effluent  is  passed  to  the  sewer? — Yes,  I  think  that 
there  should  be  a  settlement  of  solids  sufficient  to  pre- 
vent those  solidd  siltins  up  the  sewer.  Tliat  is  one  object 
in  having  settling  tanks  at  the  works,  and  the  other  is 
to  equalise  the  flow.  I  think  that  unless  the  trade  waste 
unduly  complicates  the  treatment  of  the  sewage  at  the 
outfall  that  should  be  sufficient  preliminary  treatment. 
At  the  outfall  works  it  is  exceedingly  hard  to  really  mix 
t]i«  various  effluents  as  they  come,  even  in  one  tank. 
Sometimes  when  a  lot  of  dye  water  has  been  passed  into 
the  works  you  can  see  it  passing  forward  in  a  sort  of 
column,  as  it  were,  through  the  tank.  It  does  not  seem 
to  mix  with  the  sewage.  I  do  not  think  it  would  assist, 
therefore,  to  have  a  large  receiving  tank. 

6606.  You  have  told  u»  that  in  your  opinion  authori* 
ties  ought  to  be  called  upon  to  deal  with  these  volumes 
of  sewage  before  the  storm  overflows  come  into  operation  7 
—Yea. 

6607.  And  you  have  quite  properly  pointed  out  that 
that  is  a  very  large  volume  for  the  local  authorities  to 
deal  with? — Ye&. 

6608.  Do  you  know  any  local  authority  of  any  impor- 
tance in  your  area  which  actually  does  deal  with  six 
volumes  of  its  dry  weather  flow  ?— Well,  Stretford,  which 
has  the  sewage  from  a  population  of  8,500  flowing  to  the 
outfall,  deals  with  the  oulk  of  that  volume ;  I  could  not 
tell  you  whether  it  is  that  exact  amount,  because  we 
have  not  got  the  gaugings,  but  the  storm  overflow  very 
seldom  comes  into  operation,  and  there  would  be  rain- 
fall enough  to  provide  that  volume. 

6600.  Speaking  generally,  the  authorities  are  not  deal- 
ing with  that? — No,  they  are  not. 

6700.  Now,  as  to  Manchester,  do  you  happen  to  know 
the  size  of  the  outfall  sewer  as  it  reaches  the  works  at 
Manchester? — No,  I  cannot  tell  you  that  from  memory. 

6701.  You  do  not  know  how  m&nj  volumes  it  is  capable 
of  bringing? — ^No,  I  do  not,  but  it  is  capable  of  bringing 
— they  have  had  floods — ^I  am  speaking  from  memory — 
up  to  150,000,000  gallons  a  day,  I  mean  the  rate  of  flow 
of  that  amount. 

6702.  But  JOU  do  not  know  what  it  would  bring  dowii 
during  short  periods.  Does  it  reach  anything  like  six 
volumes?— Yes,  that  would  be  just  about  six  volumes. 

6703.  You  think  the  sewer  is  large  enough  to  brinir 
SIX  volumes  ?— Yes,  I  think  it  ia. 

6704.  At  a  given  time?— Yes;  I  would  rather  you  got 
these  particulars  from  Mr.  Mead ;  I  am  only  speakinc 
from  memory.  ^ 

6705.  And  probably  a  very  convenient  way  of  getting 
what  comes  to  the  works,  assuming  that  the  main  outfall 
sewer  is  large  enough  to  bring  six  volumes,  would  be  a 
sort  of  registering  float  arrangement,  would  it  not?— 
Yes. 

6706.  Is  *hat  in  existence  anywhere  ?—Th«y  have 
something  of  the  kind  at  Manchester,  but  it  is  necessarily 
a  very  roi^glh  estimate,  it  is  so  difficult  to  gauge  these 
xa^e  volumes  in  a  sewer.  You  get  greatly  increased 
velocity  when  you  get  that  large  flow ;  it  is  not  like  having 
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Mr.  R.  A.   a  pool  and  a  weir  at  the  end  where  you  have  still  water 
Tattoii     to  start  from  ;  it  is  much  more  difficult  to  estimate  it  in 

16  Nov.  1900.  *  sewer. 

6707.  In  your  answers  you  have  spoken  approvingly 

of  th«  provision  of  lai^e  settling  tanks  ? — ^Yea. 

6708.  And  you  have  suggested  that  the  area  might  with 
advantage  be  such  as  to  take  in  two  days'  supply! — That 
is  supposing  you  have  to  deal  with  six  times  the  volimie. 

6709.  And  in  that  case  for  the  normal  flow  the  sewage 
would  stay  48  hours  in  the  tank,  and  in  the  case  of  a 
flow  of  six  volumes  would  stay  aibout  six  hours  ?— 2Jo,  I 
should  not  leave  the  normal  flow  in  the  tanks  for  that 
length  of  time  ;  I  should  only  use  a  portion  of  the  tanks. 

6710.  You  do  not  think  it  is  advisable  to  leave  it  48 
hours  in  the  tank? — ^You  must  not  leave  it  until  it  begins 
to  putrefy,  unless,  of  course,  it  is  a  septic  tank. 

6711.  I  was  assuming  a  tank  of  that  capacity  you  mean 
to  use  it  as  a  septic  tank  ?— In  that  case  there  would  not 
"be  that  objection. 

6712.  Have  you  formed  any  opinion  as  to  a  septic  tank 
AS  to  the  time  the  sewage  should  remain  in  the  tank — 
that  is  to  say,  the  rate  of  flow  ? — ^I  can  only  tell  you  from 
what  I  see  they  are  doing  at  the  various  works.  What  I 
try  to  get  is  24  hours'  capacity  at  least  for  a  septic  tank. 

6713.  You  have  not  of  your  own  knowledge  any  infor- 
mation as  to  the  advantages  to  be  derived  from  letting  it 
remain  longer  or  shorter? — ^No,  I  have  not  got  that  in- 
formation. 

6714.  You  mentioned  that  there  was  a  large  tank  at 
Moss  Side?— Yes. 

6715.  And  that  it  failed  because  of  the  difficulty  of 
removing  the  sludge  from  it? — ^Yes. 

6716.  What  was  approximately  the  area  of  that  tank 
at  Moss  Side? — ^I  should  think  it  woidd  be — I  will  see 
if  I  have  got  the  actual  figures  here. 

6717.  Quite  roughly? — Two  acres  I  should  think  it 
would  be. 

6718.  And  was  dit  lised  a/el  a  mere  sefbtling  tank,  the 
sewage  passing  through  at  a  considerable  speed,  or  was 
it  used  at  such  a  slow  speed  as  to  bring  about  septic  con- 
ditions?— No,  it  was  used  merely  as  a  settling  tank. 
When  the  sewage  attained  a  certain  volume  it  flowed 
overman  overflow  into  this  large  tank,  and  the  tank  filled 
up  to  a  certain  level,  at  which  point  it  flowed  over  into 
the  river  direct,  leaving  the  solid  deposit  in  the  tank, 
and  then  the  water  was  drawn  ofi"  gradually  afterwards 
when  the  solids  had  settled. 

6719.  This  difficulty  of  removing  sludge  is  an  engineer- 
ing difficulty? — ^Yes. 

6720.  And  probably  there  were  questions  of  level  in 
that  case  which  made  it  difficult  to  remove  the  sludge  ? — 
In  the  ordinary  case  of  removing  the  sludge  you  have  to 
allow  a  fall,  and  your  tank  is  concreted  in  the  bottom, 
and  so  on,  and  flows  direct  to  the  sludge  channel.  It  is 
all  arranged  for  removing  it  easily,  which  is  a  very  im- 
portant point.  But  in  regard  to  these  large  tanks  either 
you  must  construct  it  wiii  a  proper  concrete  floor  and  a 
fall  leading  to  a  channel,  in  the  same  way  as  you  would 
for  ordinary  settling  tanks,  or  you  would  have  a  difl^culty 
with  the  sludge  ;  that  is  to  say,  if  you  have  a  large  open 
tank  with  merely  a  puddled  bottom— I  think  it  was 
puddled  at  the  bottom — ^you  cannot  remove  it  except  by 
wheeling  the  sludge  out  with  a  wheelbarrow. 

6721.  That  is  what  I  wanted  to  get  at ;  is  the  difficulty 
in  the  case  of  a  large  settling  tank  of  that  kind  that  there 
is  sludge  when  the  upper  water  has  been  removed  down 
to  the  level  of  the  sludge  that  the  slut^e  will  not  flow- 
will  not  the  sludge  flow  ?— You  must  construct  your  tank 
■so  that  the  sludge  will  flow. 

6722.  But  with  a  considerable  area  merely  puddled, 
would  not  the  sludge  flow  by  an  outlet  at  one  comer,  for 
instance — No,  it  would  be  too  large. 

6723.  It  would  not  flow  ?— No,  it  would  not  flow. 

6724.  It  would  have  to  be  pushed  ?— Yes,  you  would 
have  to  push  it  in  any  case  ;  but  what  I  mean  is  this : 
you  would  have  practically  to  make  your  flood  water  tank 
«s  efliciently  as  your  ordinary  sewage  tanks,  and  I  would 
sooner  spend  the  money  on  making  more  ordinary  tanks 
than  on  this  flood  water  tank. 

^?^VJ  xi.^^"'*  *^  ^"®  *^**'  »P*rt  from  that  difficulty 
no  doubt  there  are  ennrineering  ways  of  getting  over  it. 
A  very  cheap  septic  tonk  might  be  made  if  it  wctc  simply 
an  area  of  flat  ground  banked  round  so  as  to  form  a  larce 
septic  reservoir  ?—An  open  septic  tank. 

6726.  Yes?— For  the  flood  water  only? 

6727.  Xo,  for  receivini?  the  sewage  and  dealing  witli 


it  specifically  ? — Are  you  supposing  you  never  would  have 
to  clean  out  your  eiludge  from  the  septic  tank? 

6728.  No,  I  say  that  is  the  only  difficulty  you  see  of 
having  such  a  large  tank? — Yes. 

6729.  The  difficulty  of  removing  the  sludge  because  it 
will  not  flow  to  one  or  more  outlets? — ^That  is  the  chief 
difficulty,  I  see,  yes.  The  difficulty  of  dealing  with  the 
sludge  is  always  a  serious  one  at  sewage  works,  and  you 
must  make  it  as  easy  to  deal  with  as  possible. 

6730.  You  have  not  yourself  any  experience  of  sludge 
from  septic  tanks  on  this  point  whether  it  is  easier  to 
deal  with  more  readily  dried  and  less  objectionaUe,  or 
more  objectionable  tiian  the  ordinary  sludge  from  rapid 
settling  tanks? — lit  is  more  oibjectaonaWe,  no  doubt,  as 
regaids  smell  from  it.  It  was  very  objectionable  at  Man- 
chester. They  cleaned  out  an  open  septic  tank  they  had 
there,  and  it  wacT  very  objectionajble  indeed.  In  that  case 
it  was  not  pressed  ;  it  was  pumped  to  ^he  sludge  ship,  and 
put  out  to  sea. 

6731.  The  questiion  of  septic  tanks  I  would  suggest  to 
you  is  one  well  worthy  of  your  attention;  you  have 
a  few  examples  of  it  in  your  area? — ^Yes. 

6732.  And  it  would  be  very  interesting  indeed  to 
really  ascertain  the  extent  to  which  nuisance  arises 
or  is  likely  to  arise  from  septic  tanks,  and  their  digest- 
ing of  sludge  in  septic  tanks,  and  the  most  convenient 
way  of  removing  sludge  from  septic  tanks? — ^The  ques- 
tion  of  the  reduction  has  been  dealt  with,  I  know,  in 
Manchester. 

6733.  They  have  given  an  opinion.  I  know  Mr. 
Fowler  has  suggested  that  it  is  -about  60  per  cent.  ?^ 
Yes  ;  and  as  regards  the  nuisance,  that  only  occurs 
seriously  when  the  tank  is  being  cleared  out.  I  do  not 
think  there  ia  more  nuisance  from  the  septic  tank  than 
from  an  ordinary  settling  tank  to  any  great  extent 

6734.  That  is  found  to  be  the  case  where  you  are 
dealing  with  sewage  like  that  of  Manchester  and  Leeds, 
which  is  diluted,  and  which  is  mixed  with  trade 
effluent  ? — ^Yes. 

*  6736.  But  I  am  told  that  open  septic  tanks,  where 
you  are  dealing  with  domestic  sewage,  especially  a 
strong  domestic  sewage,  gives  rise  to  considerable  nui- 
sance. That  is  a  point  which  we  would  like  you, 
supervising  as  you  do  a  large  number  of  sewage  works, 
to  carefully  take  notice  of?— Yes,  I  will  certainly  do 
that,  but  at  present  we  have  no  open  septic  tanks 
dealing  with  ordinary  domestic  sewage ;  they  are  all 
closed,  and  from  those  there  is  no  nuisance. 

6736.  Except  at  the  outflow  ? — ^Except  at  the  outflow, 
yes. 

6737.  (Chairman.)  Did  you  say  you  know  of  open 
septic  tanks  dealing  with  domestic  sewage? — ^Not  with 
purely  domestic  sewage. 

6738.  Then  all  the  tanks  you  spoke  of  to  me  when  we 
were  talking  of  it  at  the  first,  deal  with  trade  refuse 
and  domestic  sewage  combined? — Manchester  deals 
with  the  two  combined,  the  others,  dealing  with  domes- 
tic sewage  only,  are  covered. 

6739.  It  is  very  likely,  I  suppose,  that  trade  refuse 
and  sewage  combined  would  produce  much  less  smell 
than  the  domestic  sewage ;  that  seems  to  be  the  case 
at  Leeds,  certainly  ? — It  may  be  so,  yes. 

4740.  (Colonel  Harding.)  Then  it  would  be  interesting 
to  see  whether  the  smell  which  you  have  noticed  in  the 
covered  septic  tanks  dealing  with  domestic  sewage 
arises  from  its  concentration  at  the  point  of  outflow; 
whether  if  the  tank  were  open  and  the  gases  were  dif- 
fused the  nuisance  might  be  greatly  reduced.  That  is 
a  point,  I  think,  that  you  have  watched? — ^Yes,  I 
should  think  that  in  the  summer  time,  certainly,  when 
you  have  the  greatest  objection  from  the  smells,  I 
should  say  that  the  covered  septic  tank  was  less  ob- 
jectionable than  tlie  open  septic  tank. 

6741.  Why?  Is  the  nuisance  due  to  the  decompos- 
ing scum,  or  is  the  nuisance  due  to  the  evolution  of 
gas  from  the  bottom  of  the  tank?—'!  should  say  from 
the  evolution  of  gas. 

6743.  I  do  not  quite  see  why  the  covering  in  is  to 
prevent  that ;  the  gas  cannot  be  stored  under  the  roof, 
it  must  escape? — ^The  gas  is  burned  at  the  tank  in  Man- 
chester. They  light  it  at  the  top  of  the  covered  tank, 
tliat  is  the  covered  septic  tank. 

6744.  Tlien  you  suggest  that  by  covering  a  septic 
tank  it  would  be  possible  to  destroy  the  gttses  by  com- 
bustion?— ^Ycs,  and  that  apparently  has  been  done  at 
Manchester. 

6745.  It  would  involve  very  careful  construction  of  the 
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tanks,  which  would  really  become  gasometers  ? — That  is 
so.    It  is  a  brick  tank  with  an  arched  roof. 

6746.  Apart  from  the  possibility  of  consuming  the  gas, 
you  do  not  see  much  use  in  a  roof,  do  you  ? — No,  I  do 
not  think  there  is. 

6747.  (Major-General  Car&y,)  With  regard  to  the 
terms,  broad  irrigation  and  intermittent  downward  fil- 
tration, is  there  not  some  misunderstanding  in  the  ex- 
pressions in  your  replies.  I  notice  on  the  table  attached 
to  the  sixth  question  the  proportion  ^f  population  to  the 
acre  for  intermittent  filtration  is  only  very  slightly  above 
the  same  rate  for  broad  irrigation.  Is  not  a  farm  laid 
out  and  underdrained  for  intermittent  filtration  perfectly 
distinct  from  a  large  area  laid  out  for  broad  irrigation  in 
respect  to  the  volume  of  sewage  which  can  be  treated  on 
it.     All  sewage  is  applied  intermittently  I— Yes. 

6748.  Whether  it  is  broad  irrigation  or  intermittent  fil- 
hation,  or  any  process,  all  sewage  must  be  applied  inter- 
mittently to  land? — ^Yes. 

6750.  Therefore  the  fast  of  its  applioation  being  in- 
termittent, does  not  make  the  dicptinctioin  between  the 
two  processes? — ^No,  quite  so. 

6761.  Nor,  I  think,  does  the  distinction  which  you  have 
^ven  either  meet  the  case — ^that  is  to  say,  that  a  broad 
irrigation  farm  may  or  may  not  be  intermittent;  there 
inay  not  be  drains  at  close  intervals,  but  there  may  be 
intercepting  drains  which  take  the  effluent  and  diaoharge 
it  into  the  stream  at  some  point  below  the  farm  ? — ^Yea. 

6752.  It  does  not  follow  as  a  matter  of  course  that  there 
Is  no  underdrainage  on  a  broad  irrigation  farm?— No, 
it  does  not  follow  that  there  is  none  at  all,  but  there  is,  at 
any  rate,  very  little  for  a  broad  irrigation  farm,  and  that 
is  the  division  line  thatt  I  have  drarwn  between  the  two. 

6753.  But  when  the  area  is  laid  out  in  level  plots,  say 
in  acT«  plots  with  suitable  land,  and  it  is  und^rained, 
do  you  say  that  you  could  not  treftt  more  than  the 
sewage  of  150  persons  to  the  acre? — ^Yes,  that  is  my 
opinion, 

6754.  Have  you  any  examples  of  intermittent  filtration 
at  all  within  your  watershed  ?— Stretford  is  a  case  of  in- 
termittent filtration. 

6755.  What  is  the  area? — ^The  area  is  57  acres. 

6756.  And  the  population  ?— A  population  going  to 
that  farm  of  8,500 ;  it  works  out  to  150  persons  per  acre. 

6757.  Then  why  should  you  call  Stretford  as  intermit- 
tent filtration ?— Well,  it  is  drained  throughout;  it  is 
not  surface  treatment. 

6758.  But  the  sewage  is  distributed  by  contour  gravi- 
tation. The  land  is  not  level ;  it  is  laid  out  in  plots  ? — 
The  land  is  naturally  level,  there  is  no  difficulty  in  that 
way  about  it ;  in  some  places  you  have  the  plots  laid  out 
on  the  hillside,  where  it  has  to  be  artificij&ly  levelled ; 
but  it  is  exceedingly  level  land. 

6759.  And  the  land  is  suitable  ?— Yes. 

6760.  Is  it  laid  out  in  acre  plots  ? — No,  they  vary. 

6761.  And  you  have  only  put  the  sewage  of  150  per- 
sons to  the  acre  on  that  hmd  ? — ^That  is  aU. 

6762.  On  that  prepared  land?—- Yes. 

6763.  Do  you  know  Dewsbury? — No,  I  do  not 
know  it. 

6764.  Perhaps  you  will  remember  Mr.  Bailey  Denton's 
first  introducing  the  system  of  intermittent  downward 
filtration  ? — ^Yes. 

6765.  In  which  he  claimed  that  by  preparing  the  land 
in  this  way,  levelling  it  and  underdraining  it,  he  could 
treat  and  purify  ti&e  sewage  efficiently  of  a  popu- 
lation of  nearly  ten  .times  as  much  as  he  would  do  by 
broad  irrigation? — ^I  can  only  judge  from  mv  own  ex- 
perience. 

6766.  And  in  1868,  I  think,  the  Royal  Commission 
came  to  the  conclusion  that  it  was  under  the  mark— that 
instead  of  1,000  persons  to  the  acre,  3,000  persons  to  the 
acre  could  be  treated. 

6767.  (3/r.  KiUick,)  Is  it  not  really  the  case  that  there 
is  not  such  a  thing  as  broad  irrigation— it  is  all  inter- 
mittent filtration  ? 

676a  (Major^Oeneral  Carey.)  No  sewage  oould  be 
put  continuously  an  the  whole  farm ;  it  is  all  applied 
intormitbantly  ?— I  quite  agree,  and  I  think  the  descrip, 
tion  18  wrong  reaJly.  I  meant  to  say  you  cannot  draw 
a  hard  and  fast  line  between  broad  irrigation  and  in- 
termittent filtration.  It  was  given  here  in  the  ques- 
tions, and  I  did  my  best  to  answer  it.  Intermittent 
downward  filtration  is  the  better  term  as  opposed  to 
the  more  horizontal  flow  in  broad  irrigation 
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6769.  I  must  say  I  was  exceedingly  surprised  to  see 
your  proportions  in  the  tabic,  because  as  far  as  I  see  it 
makes  no  difference  whatever  between  a  broad  irrigation 
farm  and  land  laid  out  for  intermittent  downward  filtra- 
tion?— ^You  get  50  per  cent.  more. 

6770.  Yes,  50  per  cent.  ? — In  the  case  of  light  soil  one 
great  object  in  the  underdrains  is  to  enable  land  to  drv 
itself  quickly  to  get  rid  of  the  sewage.  If  it  is  light  soil 
the  water  will  flow  through  the  soil  without  drains  and 
get  away. 

6771.  In  a  very  porous  soil? — ^Ycs,  m  a  very  porous 
soil ;  and  therefore  you  do  not  get  that  immense  advan- 
tage which  you  would  expect  in  under  drains.  If  your 
SOU  is  porous  enough  to  let  the  water  get  away  without 
under  drains,  then  the  under  drains  do  not  help  you. 

6772.  Supposing  you  have  a  medium  soil  and  is  laid 
out  in  plots  levelled  and  underdrained,  does 
it  not  approach  to  a  great  extent  to  a  bacterial  filter  in 
which  you  say  that  sewage  of  1,000  persons  to  the  acre 
can  be  treated  ? — ^You  cannot  get  rid  of  the  water  at  any- 
thing like  the  rapidity  with  which  you  do  with  filters. 
You  can  empty  your  filter  quickly,  and  you  cannot  get 
the  land  dry  quickly,  not  nearly  so  rapidly  as  you  would 
on  a  filter  bed. 

6773.  Surely  in  a  fairly  porous  soil  there  is  not  the 
difference  between  the  sewage  due  to  150  persons  to  the 
acre  and  1,000  persons  to  the  acre  in  a  bacterial  bed  ? — 
But  you  would  not  pass  raw  sewage  on  to  a  bacterial  bed. 
I  am  considering  that  a  filter  bed  with  1«000  to  the  acre 
would  not  be  raw  sewage  ;  it  would  be  tank  effluent,  clari- 
fied tank  effluent ;  it  would  compare  to  the  third  column, 
which  gives  a  population  of  500  to  the  acre  after  precipi- 
tation. 

6774.  You  assume  that  no  sewage  can  be  put  on  a  filter 
without  being  treated? — ^Yes,  I  do. 

6775.  Is  that  what  you  mean? — ^Yes. 

6776.  I  think  in  Dewsbury,  which  I  linderstood  was 
a  typical  site  of  intennitteot  filtrataon,  that  the 
sewage  was  really  not  treated  at  all  except  passing 
through  a  small  tank  before  going  on  to  the  land  ? — I  do 
not  know  Dewsbury.  Of  course,  one  has  to  be  quite  sure 
that  all  the  sewage  is  passed  through  the  land.  In  com- 
paring this  table  for  filter  beds  you  must  take  the  third 
and  the  fifth  column  to  compare.  For  instance,  gravelly 
land,  I  think,  500  to  the  acre  after  precipitation,  an^ 
1,000  to  the  acre  after  it  has  passed  through  filter  beds. 
That  seems  to  me  to  be  the  proper  one  to  compare. 

6777.  500  to  the  acre  aft«r  precipitation  or  mechanical 
settlement,  is  that  right?— -Yes,  that  is  right. 

6778.  And  1,000  to  the  acre  after  passing  through  the 
bacterial  beds? — ^Yes. 

6779.  Is  that  proportion,  1,000  to  the  acre,  based  on 
an  actual  experiment  ?— No,  I  do  not  think  it  is.  The 
chief  factor  there  is  what  the  land  will  actually  pass 
through  it.  I  consider  that  if  the  precipitation  and  the 
filtration  process  is  efficient  there  ought  to  be  very  little 
actual  purification  for  the  land  to  do. 

6780.  If  filtration  is  efficient  ?— Yes. 

6781.  If  the  sewage  is  so  entirely  purified  in  the  bac- 
teria beds  the  land  will  have  very  little  to  do  ?— Yes. 

6782.  Of  course,  that  means  first-class  management? 

Yes,  that  is  so. 

6783.  Of  the  bacterial  treatment  ?— Yes,  that  is  so. 
67M.  And  you  would  require  for  that  pi^rpose  quit^ 

as  efficient  and  competent  supervision  as  vou  would  for 
a  sewage  farm?— Oh,  certainly  you  would. 
6785.  Quite  as  good?— Yes. 

?^^:  h  ",^*  ?,  ^P^^erial  process  rather  more  compH- 
«  wK-  1,  -t"^  ^'^^  ^^^  ordinary  knd  treatment  ?-I  do 
?w  J  .  '^ "?  ™7®  complicated ;  you  would  have  to  have 
dpecial  trammg  for  it. 

67^.  Double  contact  beds  with  valves  open  and  closed 
in  order  to  ensure  proper  purification  is  not  more  com- 
plicated than  setUmg  tanks  and  land  or  land  by  itself 
without  the  tanks?— I  do  not  think  it  is  more  compli- 
cated. I  do  not  see  why  the  one  or  the  other  should  not 
be  proper^  managed  at  all  ;  but,  of  course,  you  must 
nave  an  efficient  manager  to  do  it. 

6788.  If  the  bacterial  treatment  is  not  properly  cai*ried 
out  there  is  a  failure  to  produce  a  e&tisfacjton-  effluent  ; 
m  fact,  if  it  is  only  partially  purified,  as  you  voiirself 
have  suggested,  is  it  not  desirable  or  even  essential  that 
you  should  be  required  to  ensure  proper  purification  ^— 
If  it  is  not  properly  purified. 

6789.  Are  you  to  count  upon  sewage  being  properly 
punfied  by  passing  through  filters?— I  am  afraid  I  can- 

zz  2 
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Mr.  R.  A.   not  count  on  sewage  being  always  properly  purified  by 
Tatton.     passing  through  either  filter  beds  or  farms. 

15  Nov.  1900.  6790.  Of  course  it  has  not  been  carried  out  long 
enough  to  know  how  far  the  sewiage  will  be  purified 
OD  not,  or  what  sort  of  euperviaion  will  be  exeroised 
throughout  the  country  in  places  gireatt  and  small,  but 
by  analogy  of  treatment  in  sewage  fannfl  I  sup- 
pose you  can  say  what  the  supervision  is  likely  to  be  ? — 
Well,  we  have  several — ^I  may  say  a  large  number— of 
filtration  schemes  that  are  carried  out  very  fairly  satis- 
factorily. 

679L  In  amall  places? — ^I  see  no  reason  why  it 
should  not  be  dome  equially  well  with  liarge  places. 
I  think  it  is  a  great  advantage  in  large  places  if  you  have 
an  exceptional^  capable  man  to  manage  the  sewage 
works.  I  think  if  you  could  afford  to  have  a  chemist  it 
would  be  a  very  great  advantage.  He  would  be  able  to 
ascertain  at  once  if  any  of  his  filters  were  getting;  over- 
worked, and  take  steps  to  recover  them  before  the  evil 
has  gone  too  far ;  through  ignorance  filters  are  sometimes 
allowed  to  go  from  bad  to  worse,  until  the  whole  series  is 
hopelessly  choked  up. 

6702.  Suppose  you  have  nob  got  them  under  first-class 
supervision,  and  the  filters  do  go  wrong,  what  is  the 
result? — ^If  they  are  very  bad,  of  course  you  have  to  dig 
them  out ;  but  some  of  these  men  are  very  intelligent 
as  to  knowing  when  a  filter  is  going  wrong,  and  uien 
they  rest  it. 

6793.  Now,  with  respect  to  the  storm  sewage  up  to 
six  times  the  dry  weather  flow,  I  understand  from  your 
replies  that  you  contemplate  that  volume  having  to  be 
•taken  to  the  works.  But  in  answer  to  a  previous  ques- 
tion you  say :  "  At  the  Stretford  outfall  the  maximum 
volume  puimiped  in  24  hours  is  slightly  in  excess  of  three 
times  the  dry  weather  flow"  ;  and  in  your  next  answer 
jou  say  :  "  This  total  maximum  volume  will  be  delivered 
at  rare  intervals  only,  prdbably  less  than  six  times  a 
year  "  ?— Yes. 

6794.  Do  you  intend  to  convey  the  impression  that  six 
times  the  dry  weather  flow  will  come  down  to  the  works 
as  a  rule  in  different  places,  or  that  Stretford 
may  be  taken  as  typical  of  what  will  happen  in  other 
towns  in  the  watershed  ? — ^No,  I  think  it  depends  entirely 
on  the  situation  of  the  town.  If  it  is  on  a  hillside  where 
the  water  comes  down  quickly  you  may  have  a  volume  of 
six  times  the  ordinary  flow  with  quite  a  small  amount  of 
rain.  For  instance,  that  is  so  at  Eccles.  It  comes  down 
with  a  rush,  and  very  soon  makes  up  six  times  the  dry 
weather  flow. 

6795.  And  you  have  to  provide  for  that?-— And  you 
have  to  provide  for  that. 

6796.  You  are  aware,  I  mean,  that  in  all  schemes  which 
have  been  approved  by  the  Local  Government  Boaid 
during  the  last  two  years  the  condiiibioins  are  that  the 
storm  overflow  shall  not  come  into  opeiraftBioin  until  the 
sewage  shall  haro  been  diluted  with  five  tomes  its 
volume  of  storm  water?— Yes,  I  know  tihat. 

6797.  No  scheme  is  sanctioned  wibhout  the  condition 
that  six  times  the  dry  weather  flow  has  to  be  taken  to 
the  works  for  treatment  of  some  kind? — Yes. 

6798.  Of  course,  if  it  were  proved  tiiat  you  never 
had  that  six  times  except  in  very  exceptional  oiroiim. 
«bances  it  might  modify  the  conditions  very  mudh,  but 
can  Stretford  be  looked  upon  as  a  typical  town  for  that 
modification  ?— You  cannot  have  a  typical  case  at  all, 
but  what  I  should  like  really  would  be  tohave  each  case 
taken  on  its  own  merits.  That  seems  to  me  to  be  the 
riffht  thing  to  do,  but  you  cannot  have  a  rate  of  dilution 
which  would  be  equally  satisfactory  over  the  whole  area 
of  any  watershed. 

x^o^*  ^^?  *?  ^  ^^^  purification  of  these  six  volumes 
at  Mretford  do  I  undei-stand  that  six  volumes  are 
treated  ?— I  believe  that  is  about  it. 

6800.  One  volume  of  crude  sewage  and  five  volumes 
of  storm  water  are  treated  ?— Yes,  it  works  out  about  that. 

6801.  I  suppose  the  whole  of  the  land  is  not  taken  into 
use  at  the  same  time ;  only  one  portion  of  the  land  is 
under  irrigation? — Certainly. 

6802.  And  the  remainder  has  a  rest? — The  land  will 
not  be  flooded  all  at  the  same  time ;  it  would  have 
periods  of  rest. 

6803.  Say  one-fifth  of  the  land  is  under  irrigation  and 
yen  have  a  sbomn,  which  brings  down  six  volumes 
altogether — five  volumes  of  stoinn  water  to  one  of 
eew«ge— itofthe  wtorks,  will  the  sewage  and  storm  water  be 
put  on  that  part  of  the  land  which  is  under  irrigation,  or 
will  it  be  at  once  taken  over  the  whole  farm  to  be  treated  ? 
— Well,  it  would  not  be  taken  over  the  whole  farm,  but 


the  area  under  irrigation  would  be  increased.  They 
would  pass  it  on  to  another  plot.  Suppose  the  farm  is 
divided  up  into  eight  plots,  possibly  one  or  two  are 
under  irrigation  for  the  dry  weather  sewage  ;  if  a  storm 
came  it  would  then  be  passed  over  two  or  three  other 
plots,  according  to  the  size  of  the  storm. 

6804.  But  you  say  they  have  no  difficulty  in  treating 
the  whole  of  the  six  volumes  on  a  portion  of  their  area 
at  Stretford? — ^They  require  the  whole  of  their  farm  to 
deal  with  the  sewage  of  Stretford  :  at  any  given  time  they 
will  possibly  be  treating  the  whole  volume  of  their  sewage 
on  one-fifth  or  one-six5h  of  the  farm,  but  tiie  otheo:  por- 
tions will  take  their  turn ;  they  are  all  required. 

6806.  Each  part  of  the  farm  will  come  under  treat- 
ment  in  succession  ?— Yes. 

6806.  But  when  there  is  a  storm,  is  the  storm  watet 
taken  to  that  area  of  irrigation  or  is  the  whole  farm  ini- 
G^ated  with  the  sewage  and  storm  water;  is  the  whole 
farm  irrigated  wilth  that  six  volumies?--No,  proJoably 
not  I  should  think  it  wx)uld  never  be,  never  the 
wihole  farm  at  one  time. 

6807.  And  you  do  not  think  the  land  is  overtaxed  by 
six  times  the  volume  being  constantly  taken  to  it? — On 
to  one-fifth  of  the  area? 

6808.  Yes ;  we  will  say  that  there  is  100  acres,  for  the 
sake  of  argument ;  20  acres  are  under  irrigation  for  the 
time  being,  and  a  storm  takes  places,  the  whole  of  that 
20  acres  has  then  to  be  treated  with  sewage  and  the  storm 
water  up  to  six  volumes  ? — ^No,  I  should  extend  that  20 
acres. 

6809.  That  is  what  I  want  to  know  ? — I  should  put  it  on 
to  another  area ;  I  should  extend  that  area. 

6810.  You  do  not  know  what  actually  happens  at  Stret- 
ford?— That  is  exactly  what  does  happen  at  Stretford. 
If  they  had  20  acres  being  irrigated,  then  if  a  storm  came 
on  they  would  not  keep  that  storm  water  merely  on  that 
20  acres,  they  would  extend  it. 

6811.  On  to  another  20  acres  ? — On  to  another  20  acres 
or  perhaps  another  20  beyond  that. 

6812-3l  If  it  were  clear  of  crops  ? — ^Yes,  quite  so.  We 
will  say  you  are  using  No.  1  plot  to-day ;  to-morrow  you 
leave  that  plot  to  dry,  and  you  use  No.  2 ;  the  next  day 
you  will  use  No  3,  and  so  on.  If  a  storm  comes  on  you 
would  turn  the  water  on  to  No.  2  or  No.  3.  which  is  the 
land  you  were  going  to  use  to-morrow,  we  will  say,  and 
perhaps  you  would  nave  to  use  one  of  the  other  plots. 

6814.  Still,  it  would  be  a  great  oonceufaraitdon  on  a 
comparatively  small  area  ?— To  put  all  the  storm  water  on  ? 

6815.  The  land  would  be  very  heavily  taxed  ? — ^It  would 
be  a  mistake  to  put  all  the  storm  water  on  one  plot. 

6816.  You  do  not  consider  it  would  be  better  to  have  a 
separate  area  for  dealing  with  storm  water  so  as  to 
leave  t^he  irrigatoon  area  for  treatment  of  sewage  and 
perhaps  two  volumes  of  storm  water  ?^-No,  I  must  say  I 
do  not. 

6817.  Would  you  consider  it  would  be  any  advantage 
setting  apart  an  area  for  exceptional  storm  water  in- 
stead of  flooding  your  20  acres  or  40  acres  used  for  ordin- 
ary volume,  during  a  storm?— No;  I  would  rather  in- 
crease the  size  of  the  farm  and  be  able  to  use  the  whole 
of  the  land  for  any  work  that  is  required ;  I  would  rather 
not  keep  any  particuhu-  plot  for  storm  water ;  I  do  not  see 
any  advantage  in  that. 

6818.  When  the  land,  we  will  say,  is  overtaxed  with  the 
sewage  and  the  storm  water,  the  portion  of  land  that  you 
are  going  to  use  does  as  much  as  ever  it  can  do ;  it  does 
not  improve  that,  you  think,  for  irrigation  when  the 
storm  IS  over,  the  fa^t  of  this  immense  volume  having 
been  put  over  it,  perhaps  in  two  or  three  days.  That 
land  has  to  recover  itself  ?— Yes,  it  has. 

6819.  It  is  not  fit  (for  some  little  time  for  ordinary 
irrigation ;  it  cannot  begin  its  work  of  purification  the 
moment  the  storm  has  gone  down?— Dt  would  as  soon 
*s  it  had  dried  itself  and  had  a  proper  period  of  rest. 
The  storm  water  would  not  do  more  harm  to  the  land, 
apart  from  the  volume,  than  sewage,  in  fact,  less,  bel 
cause  there  would  not  be  the  organic  matter  to  deal 
with  in  storm  water  as  in  oidioary  sewage. 

6820.  No,  itihat  is  perfectly  true,  but  there  would 
be  an  immense  volume  on  a  companubively  small 
area,  because  I  do  not  suppose  for  a  moment  that 
you  would  put  the  whole  of  that  storm  water  on  Uie 
whole  of^  the  farm.  You  say  yourself  20  acres  are 
under  irngation  for  crude  sewage,  and  you  would  take 
another  20  acres,  perhaps,  and  put  that  six  volumes  on 
those  40  acres,  but  still  that  would  be  taxing  it 
very  severely? — ^But  still,  if  you  had  a  small  area  set 
apart  for  your  storm  water,  you  would  tax  that  small 
area  verv  much. 


MINUTES  OF  EVIDENCE. 


365 


662L  I  do  not  say  email  area,  I  suggee^;  jou  should 
set  apart  a  suffioien/t  area,  or  have  special  axtificiial 
filters,  so  as  to  have  your  inigatioii  area  always  ready 
and  fit  for  the  treatmeint  of  crude  sevrage,  with, 
perhaps,  a  small  proportion  of  the  storm  waiter? — 

682^  You  say  in  answer  to  question  17,  about  separ- 
.ate  systems,  "  In  separate  systems  it  is  usual  to  connect 
the  back  yards  of  houses  to  the  sewers,  the  water  from 
the  roofs  and  streets  going  into  the  storm  drains,  unless 
the  streets  are  kept  unusually  clean  the  water  from 
them,  especially  at  the  beginning  of  a  storm,  will  \th 
foul,  and  will  cause  pollution  of  the  streams.  This 
difficulty  can  be  got  over  by  means  of  ''  leaping  weirs,'' 
which  are  commonly  used  on  waterworks  for  divertuig 
turbid  flood  water  from  the  pure  supply,  and  which 
would  allow  the  first  portion  only  of  a  storm  to  fall 
into  the  sewers.  The  extra  cost  entailed  is  a/serious 
consideration,  and  this  is  especially  so  in  the  case  of 
a  town  already  provided  with  a  single  system  of 
sewers."  Then  in  that  case  it  would  not  be  a  separate 
system  at  all  would  ,it,  becaise  you  are  letting  your 
storm  water  into  the  sewers  ? — ^Yes,  you  are ;  it  would 
not  be  a  complete  separate  system. 

6823.  I  say  it  would  not  be  ? — ^No,  it  would  not ;  the 
«treet  water  would  go  into  the  sewers,  the  polluting 

-street  water. 

6824.  I  do  not  quite  understand  your  answer  to 
question  19,  **The  ratio  between  storm  water  and 
sewage  beyond  which  point  a  storm  overflow  is  to  be 
allowed  to  act,  must  be  calculated  on  the  maximum 
rate  of  dry  weather  flow."     What  has  the  storm  got  to 

^do  with  the  maximum  rate  of  sewage  coming  down; 
a  storm  may  occur  at  any  time,  may  it  not? — ^Yes. 
What  I  mean  is  this,  that  if  you  start  with  the  idea 
that  you  are  to  treat  six  times  the  dry  weather  flow 
in  case  of  storm  you  must  base  that  six  times  on  your 
maximum  dry  weather  flow. 

6825.  Not  on  the  average? — ^Not  on  the  average,  no. 

6826.  (Mr.  Power.)  On  the  forenoon  flow  in  dry 
weather,  you  mean? — Quite  so,  yes. 

6827.  (Major'General  Carey,)  In  answer  to  question 
20,  you  say :  '  If  a  complete  system  of  surface  water 
sewers  is  provided,  overflows  on  the  sewage  sewers  are 
only  required  to  act  as  safety  valves  in  order  to  pre- 
vent the  sewer  being  put  under  pressure  in  ^ase  of 
accident  or  stoppage ;  they  should  never  come  into 
operation  otherwise."  But  is  such  a  complete  separa- 
tion possible?  lis  there  not  much  subsoul  water  fre- 
quently getting  into  the  sewera? — ^There  will  be  some 
no  doubt. 

6828.  A  sewer  is  never  so  water-tight  that  nothing  vets 
in  except  the  actual  sewage  brought  down? — Yes,  but 
that  will  not  be  increased  by  the  storm  to  any  extent. 

6629.  Ko,  it  might  imA  be  increased  by  the  storm 
at  first,  birt  it  might  afterwards  by  subsodl  water, 
when  part  <of  that  storm  wouJd  be  absorbed  by  the 
ground? — ^Yes,  no  doubt;  'but  your  storm  overflow 
ifhould  hardly  be  set  in  operation  by  the  subeoil  water. 

6830.  No,  that  is  quite  right.  Of  coarse  if  a  storm 
overflow  is  not  provided  on  a  line  of  sewers,  if  you  have 
no  safety-valve  in  fact,  the  sewers  must  be  designed  to 
take  the  dry  weather  flow  and  .praoticaMy  any  amount 
of  sftorm  water  whdcfh  miay  come  down  practically. 
Although  there  is  a  separate  syetem,  you  can.  never 
provide  for  rigid  exclusion  of  all  stonn  water  T— 4 
tihould  have  storm  overflows  as  safety-walvcfl,  liut  if  you 
have  a  separate  system  I  do  nob  think  you  would  ever 
get  a  diluitaon,  which  would  warrant  the  wbcma  over- 
flows coming  inbo  operation. 

6831.  You  say:  ^'An  estimate  of  the  maximum  total 
volume  to  be  exnected  can  therefore  only  be  approxi- 
mate, but  it  may  possibly  be  taken  at  from  three  to 
Your  times  the  dry  weather  flow."  And  that  is  based  on 
your  Stretford  observatEons  ;  you  have  no  other  obser- 

-rations,  have  you,  that  bear  out  that  statement? — ^No, 
1  cannot  give  you  anything  very  definite  about  that. 

6832.  Then  the  answer  to  Question  22:  "No  storm 
overflows  should  be  permitted  ^here  the  effluent  passes 
into  streams  used  for  drinking  purposes."  That  is 
wliether     it     is    a     combined     or     separate     system. 


But  would  not  the    result   of  that    be   tbait   seweiis    Mr.  r.  a, 
would  have  to  be  designed  at  enormous  cost  to  taka     Tatton. 
sewage   and    stonn    water — an    unlimited   quantity    of  ^g  x^^goo, 
storm  water ;  is  it  really  practicable  on  account  of  the     ' — '— 
cost? — 'It  is  done  in  some  places ;  at  Croydon  I  believe 
that  is  so.     I  have  had  it  from  the  engineer  when  he 
took  me  over  the  works  ;  he  said  the  whole  of  the  storm 
water  came  to  the  sewage  works. 

6833.  Without  any  overflow? — ^Without  any  overflow. 

Of  course  I  nave  no  personal  knowledge.     I  only  had 

it  from  him,  but  I  must  say  I  do  not  like  a  river  being 

used  for  drinking  water  at  all  into  which  sewage  woiks 

.discharge  or  any  sewage  discharges. 

6834.  (Mr.  Power.)  I  should  like  to  be  quite  clear 
about  the  difference  be^Tween  rate  of  flow  and  volume 
which  has  actually  flowed.  You  say  as  regaida 
Eccles,  that  owing  to  the  rapidity  with  which  storm 
water  reaches  the  works  a  'dilution  of  six  to  one  at 
which  the  storm  overflow  is  fixed  is  aoon  readied.  Boes 
that  mean  that  six  times  the  dry  weather  flow  has  been 
delivered  at  tlie  works,  or  merely  that  the  ^<am  in 
the  sewer  where  the  weir  is  very  quickly  attains  a  rate 
of  six  times  the  dry  weather  flow,  andi  tJbat  therefore 
the  weir  overflows? — ^That  is  so;  it  is  the  rate  of  flow 
we  are  dealing  with  in  the  six  times. 

683&  Then  as  regards  Stretford,  where  you  have  the 
overflow  weir  fixed  in  the  same  way,  to  operate  when 
six  times  the  volume  of  the  forenoon  dry  weather  flow 
is  coming  down ;  nevertheless  vou  never  had  there 
more  than  about  three  times  me  dry  weaker  flow, 
actually  delivered  within  24  hours  at  the  works — is 
that  so? — That  is  so,  because  the  actual  rate  of  flow 
at  the  six  times  the  dry  weather  volume  may  only  ex- 
tend over  a  short  period  of  time. 

6836.  That  is  Then  it  begins  to  pass  over  the  weir? 
—Yes. 

6837.  It  does  not  mean  six  times  the  volume  of  the 
dry  weather  flow  has  already  been  received  at  the  works. 
The  weir  must  go  on  overflowing  for  some  oonttderable 
time  before  the  total  volume  amounting  to  six  times 
the  dry  weather  flow  has  come  down,  must  it  not^— it 
must  overflow  practically  for  the  24  hours  ? — It  is  being 
received  at  the  works  as  soon  as  the  storm  overflow, 
fixed  at  six  times  the  ordinary  dry  weather  flow,  comes 
into  operation.  At  that  moment  six  times  the  rate  of 
the  dry  weather  flow  is  being  received  at  the  works,  but 
possibly  that  rate  will  only  last  for  an  hour  or  two. 

6838.  Exactly? — ^Aud  therefore  your  volume,  your 
total  volume  for  the  day,  will  only  be  perhaps  three 
times  the   dry  weather  flow. 

6839.  Quite  so  ;  it  must  come  down  the  whole  24 
hours  at  six  times  the  rate  of  the  dry  weather  flow  to 
get  six  times  the  volume  delivered  at  the  wcrks  in  24 
hours? — Yes.  We  must  keep  the  volume  and  the  rate 
of  flow  se{)arate  ;  they  are  quite  different  pointa 

6840.  {Chairman,)  Was  there  somethinpr  you  wanted 
to  say  ? — ^Yes,  my  Lord.  There  is  one  point  in  Question 
23:  "In  what  systim,  if  any,  do  you  consider  it  an 
advantage  to  provide  a  large  receiving  tank  at  the 
outfall  for  r!ie  purpose  of  equalising:  the  treatment. 
Assuming  you  consider  that  such  a  tank  should  be 
provided  in  certain  ojses,  how  should  the  size  of  this 
tank  be  calculated  ?— In  pumping  systems  it  is  an 
advantage  to  provide  a  large  receiving  tank  to  equalise 
the  flow  and  suable  pumps  to  lift  a  larger  total  volume 
in  times  of  storms."  I  do  not  mean  by  that  that  the 
receiving  tank  is  to  act  as  a  storage  tank.  I  only 
mean  that  it  should  be  off  sufficient  size  to  enable  the 
full  capacity  of  the  pumps  to  be  got  to  work  before 
the  sewage  overflows.  For  instance,  supposing  you 
have  to  deal  with  six  times  the  ordinary  volume, 
perhaps  you  (fould  have  two  pumps,  each  capable  of 
dealing  with  three  times  th€  ordinary  flow,  one  pump 
would  be  used  during  the  ordinary  weather.  If  a 
storm  was  coming  on  the  second  pump  would  be 
brought  to  work,  and  your  receiving  tank  must  be 
large  enough  to  hoid  a  certain  amount  of  the  extra 
sewage  beyond  the  three  times  the  volume  until  that 
second  pump  has  got  to  work.  I  do  not  like  it  bein^ 
used  as  a  storage  tank,  because  then  the  difficulties  of 
dealing  with  the  sludge  at  once  come  in  ;  yon  have  to 
clean  out  a  large  tank,  as  sedimentation  takes  place. 
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Mr.  D.  Balfour,  m.in8T.c.e.,  7.b.s.,  m.s.i.,  r.ii.M.s.,   called  ;    and  Examined. 


ikUf^i'r         6841.  (Chairman.)  I  think  you  are,   Mr.   Balfour,  a 
ii-WBrlak,  niember  of  the  Institution  of  Civil  Engaieers? — I  am, 
dc        my  lord. 

If;  Nov.  1900.      6842.  Would  you  mind  telling  us  whether  in   your 

opinion  land  of  all  kinds,  when  used  alone  and  without 

artificial  addition  of  chalk  or  cinders  or  any  other 
material,  will  properly  puri'fy  domeetic  sewage? — ^I 
tilunk,  my  lord,  land  of  all  kinds  will  not  natorally 
properly  purify  domestic  sewage,  only  land  more  or 
1086  porous  in  quality  and  then  proportionately  in 
quainti.ty. 

6843.  May  I  ask  you  next  whether  you  consider  it 
is  desirable  that  before  the  sewage  is  put  on  to  the 
land  it  should  go  through  any  preliminary  treatment  ? — 
I  hAve  always  been  of  that  opinion,  my  lord.  Crude 
sewage,  absolutely  crude  sewage,  should  not  be  put  on 
land  ;  it  should  receive  treatment  either  mechanical, 
chemical,  or  bacterial  prior  to  application. 

6844.  So  as  to  get  rid  of  the  solids? — To  get  rid  of 
th<e  solids  ;  that  is  so. 

6845.  Is  there  any  particular  ureliminary  treatment 
that  you  recommend? — In  answer  to  that,  my  lord,  I 
refer  to  two  schemes  that,  should  your  lordship  and 
gentlemen  be  wishing  to  examine  anything  further, 
particularly  in  the  Midlands  and  North  of  England, 
I  should  be  honoured  as  well  as  pleased  if  they  could 
be  visited.  The  first  one  is  land,  some  25  acres  to  a 
population  of  20,000.  There  the  preliminary  treatment 
consists  entirely  of  mechanical  subsidence — the  inter- 
ception of  the  solids.  In  the  other  case,  again  near 
Sheffield,  which  General  Carey  did  not  see  executed, 
but  had  passed  the  plans  in  his  capacity  then  of  in< 
specting  engineer,  there  we  use  (as  he  may  perhaps 
recollect)  alumina  ferric,  simply  alumina  ferric  (as  a 
sewage  and  intercepting  the  residual,  and  then  passing 
it  on  to  land  of  leeser  quantity  than  where  we  have 
rule  Spence's  of  Manchester)  for  acting  on  the  crude 
in  the  other  case  mechanical  subsidence.  Of  both 
cases  I  give  the  recent  analyses,  which  seem  toi  me 
altogether  satisfactory,  and  I  have  found  no  complaints 
whatever.  In  the  one  case  the  West  Biding  Inspectors 
regularly  examine  and  sample  the  effluent.  There  has 
never  been  one  complaint.  And  in  the  other  case  the 
Countv  Council  of  Durham  act  similarlv,  and  there 
has  been  no  complaint  whatever  either. 

6846.  In  the  case  where  it  is  simple  subsidence,  is 
there  a  sort  of  settling  tank  or  what? — ^In  this  way, 
my  lord— ^e  tank  is  oblong  (as  a  rule  oblong),  as 
in  this  case,  and  the  fall  being  toward  the  inlet ;  and 
we  have  a  little  stepping  at  the  outlet  for  giving  aera- 
tion. There  are  four  oomipartments,  decreasing  in  size 
as  you  advance  in  the  tank.  The  first,  containing  more 
Bolid  and  flocculent  matter  combined,  is  the  larger,  and 
where  we  empty  by  means  of  a  chain  pump,  and  take 
the  eludge  out  perhaps  once  in  three  weeks  ;  it  should 
never  be  longer,  because  it  fouls  the  sewage  further 
than  what  it  naturally  possesses  when  fresh.  The 
other  three  compartmients  are  less  in  size  and  inter- 
cepting proportionately  lesser  solid  material,  and  all 
draining  from  the  outlet  to  the  inlet,  where  it  altogether 
10  pumped.  That  is  iihe  subsidence  tank  that  we  have 
arrived  at  in  recent  years  as  being  the  simplest  and 
most  effective. 

6847.  And  is  there  a  subsidence  tank  in  the  other 
case  that  you  have  mentioned? — Yes,  there  is,  only 
adding  to  it  the  alumina  ferric.  The  deposit  is  greater 
than  the  natural  or  mechanical  subsidence  effects,  and 
allowing  lesser  land  then  to  suffice  to  meet  the  cost  of 
the  use  of  the  chemical.  But  the  land,  I  think  I  might 
put  it  as  we  did  at  the  Inquiry — we  aim  at  having  in 
some  cases  a  maximum  of  chemical  and  the  minimum 
of  land  ;  in  the  other  cases  suitable  land  wholly,  wfiere 
it  is  available. 

6848.  Then  may  I  ask  you  next  whether  you  have 
any  experience  of  cases  where  land  has  been  artificially 
prepared  by  the  addition  of  chalk  or  cinders  or  any 
other  material,  and  digging  up  the  top  of  the  land 
and  mixing  it  with  this? — I  think  it  advisable,  and  in 
noint  of  cost  far  better  to  get  the  natural  land,  and 
I  think  so  even  though  you  should  pump  in  order  to 
obtain  it.  Certainly  where  you  are  precluded  other- 
wise, it  mav  be  made  effective  and  is  made  effecfive  ; 
I  have  not  happened  to  have  been  oblit^ed  myself  ever 
to  have  to  resort  to  it  on  any  large  scale. 

6849.  Then  might  I  a^  you  whether  you  have  large 
experience  as  to  the  effect  of  frost  or  snow  on  purifi- 


cation/— ies,  my  works  being  located  more  usualky 
in  the  ^North  and  Midlands ;  though  I  have  works  all 
over,  aiid  not  very  far  *irom  London.  I  did  one  scheme 
in  18/8,  ior  instance,  a  scheme  of  intermittent  filtration 
at  Skegness,  Lincolnshire,  applied  to  land  being  a  very 
flat  district  there — the  Fens  district — Lord  Scarborough, 
the  landowner,  laying  out  the  place  for  development, 
the  sewage  was  taken  inland  and  dealt  with  on  land, 
then  passed  on  to  the  sea  afterwards.  Well,  there  the 
frost  is  not  so  heavy  as  in  the  nor£h,  where  I  have  done 
more  work,  but  as  regards  winter  cold  there  we  iiare 
not  had  anything  to  complain  of.  For  instance,  the 
County  Council  of  Durham,  the  County  Council  of 
Northumberland,  and  the  West  Biding  of  TorksHire 
have  not  made  any  demur  to  effluents  during  frosts.  In 
Dantzic  and  other  Bussian  places,  also  Canada,  they 
seem  to  get  along  fairly  well  in  winter. 

6850.  The  warmth  of  the  sewage,  I  suppose,  enables 
it  to  purify? — ^That  is  the  extra  warmth  of  the  sewage, 
and  it  *is  a  point  bacterially  whether  anything  could  be 
done  to  warm  sewage,  as  we  have  still  greater  heat  in 
the  effluent  whether  it  could  be  imparted  to  the  sewage 
in  order  to  obviate  artificial  heating.  That  is  being 
looked  into,  I  know,  by  engineers  at  present ;  as  also 
chemists. 

6851.  Well,  now,  aibout  cropping  the  land,  do  you 
consider  that  the  cropping  increases  the  power  of  the 
land  for  purification? — ^I  do,  my  lord,  and  I  always 
advocate  and  carry  this  out.  Where  works  are  in  my 
hands,  we  try  to  keep  them  for  a  year  after  completion, 
and  then  I  assume  the  responsibility  during  that  time 
to  show  that  they  can  be  made  to  do  what  we  promised 
originally  and  advised  would  take  place.  In  all  cases 
I  advise  cropping  either  under  broad  irrigation  or  in- 
termittent filtration,  and  distinguishing  between  the 
two.  I  was  somewhat  early  led  into  the  intermittent 
filtration  system  by  seeing  the  late  Sir  Edward  Frank- 
land's  model  tank  at  his  laboratory  at  Kensington. 
There  I  saw  the  London  sewage  coming  in  black  at  the 
one  end  and  at  the  other  leaving  transparent.  After  in 
this  strong  plate  glass  tank  passing  through  about  six 
feet  of  gravel,  it  came  out  a  good  ^uent  according  to 
an$ilys^.  Then  I  went  to  see  this  system  in  full 
operation  as  a  first  prac^tical  example  in  the  kingdom^ 
at  Merthyr  Tydrvil,  carried  out  by  the  late  Mr.  Bailey 
Denton,  M.Inst. C.E.  The  same  at  Kendal,  which  he 
also  carried  out  on  the  intermittent  svstem,  and  in 
both  cases  cropped,  and  I  advisedly  put  it  to  do  so, 
as  it  assists  the  purification  by  the  land. 

6852.  And  what  crops  do  you  consider  best? — All 
should  be  of  a  thorougnly  succulent  nature.  I  was  at 
a  place  the  other  day,  and  saw  potatoes  on  the  list  of 
crops.  "Well,"  I  said,  "what  are  the  potatoes  grown 
here  for  ? "  "  Oh,  they  make  it  more  profitable  ?  "  the 
farmer  or  working  manager  told  me.  '^But,"  I  said, 
it  is  purification  we  want.  How  long  is  it  since  you 
applied  your  sewage  to  these  potatoes,  which  are  not 
a  succulent  crop."  **  Eight  to  ten  weeks  ago." 
"Bobbing  your  sewage  areas  here  to  that  extent  ;  how 
much  of  it?"  "Oh,  about  an  acre."  "Oh,  it  is  quite 
wrong  ;  I  cannot  be  responsible  for  worEs  of  this  nature 
if  they  do  not  introduce  the  crops  that  I  advise."  To 
take  succulent  crops,  osiers,  of  course,  as  we  all  know, 
are  succulent,  mangold  wurzel,  cabbages!*,  and  ryegrass ; 
of  course,  the  osiers  are  very  much  so,  and  can  be  well 
sold  when  we  grow  those  that  are  locally  in  demand  in 
the  market.  We  try  to  find  out  what  is  really  in 
demand  and  get  a  fair  price. 

6853.  You  think  willows  are  good,  do  you? — ^Yes,  we 
find  them  so  absorbent. 

6854.  Now,  when  the  willows  grow,  do  you  not  find 
they  exclude  the  air  a  great  deal? — ^Well,  we  try  to 
keep  them  as  far  separate  in  planting  so  that  we  may 
ridge  them  up  ;  a  ridge  and  furrow  system  chie^y  is  the 
best  for  intermittent  filtration.  Being  a  condensed 
aystem  I  hare  more  particularly  dealt  with  intermittent 
filtration,  as  authorities  naturally  wish  to  have  as  little 
land  as  possible.  We  have  not  found  willows  objection- 
able ;  we  do  not  grow  them  as  a  whole  crop. 

6855.  Do  you  find  that  the  length  of  time  that  land 
is  used  affects  it? — No,  I  have  not  found  anything  par- 
ticularly of  that  nature  any  more  than  in  ordinary  agri- 
cultural farming  where  regularly  manured.  We  have 
not  found  any  decreasing  effect  providing  in  intermittent 
filtration  that  the  intermittoncy  is  duly  carried  on  so 
as  to  regularly  sewage  it. 
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6856.  You  would  say  that  if  the  land  is  properly 
:treated  and  proper  care  is  taken,  it  would  go  on  prac- 
tically indefinitely? — That  is  my  opinion  and  experience, 
•en  the  whole. 

6857.  Without  losing  its  purifying  power? — Quite  so. 

6858.  {MajoT-Oeneral  Carey.)  About  the  proportion  of 
population  to  the  acre? — Yes,  I  hare  given  it  in  an 
appendix. 

6859.  In  the  first  sitage  of  these  notes  of  tliese  replies 
to  the  que^ions  you  say  from  1,000  to  1,500  pecBons  for 
intennittenit  fiiKtratian  ?---Y€6. 

6860.  When  cheonicalilT  precipitated  and  then  arti- 
fiotaUy  filtered,  one  acre  for  1,500  t^>  2,000  persons  ?— 
Thai  is  so,  sir. 

6861.  And  with  broad  irrigiaition,  600  to  1,000  per- 
sons. Then  further  on  you  say,  on  a  bacterial  syAem 
of  treaihmeiit  one  acre  of  land  should  be  provided  for 
from  1,000  to  2,000  pereons  ?— Yes. 

6862.  Now,  are  these  figures  given  a<>  the  result  ol 
actual  practical  experience  in  tihe  working  of  sewage 
farms  or  bacterial  filters,  or  are  they  purely  arbitrary  ? — 
PraotdoaEy  they  are  based  on  actual  exi>eTience,  but  I 
must  say  thai  as  ix>  the  maximum,  2,000,  it  is  seldom, 
if  ever,  wo  get  that,  only  in  cases  what  I  would  oaH  with 
weak,  sewage  and  specially  good  land.  I  g-eneraOOy  keep 
the  sooile  a  little  within,  as  land  may  be  good  in  one 
portion  of  a  sewage  disposal  ground,  but  not  so  good  in 
another,  so  that  to  carry  it  out  I  have  averaged  1,750, 
being  from  2,000  to  1,500,  but  these  aie  really,  as  you 
have  referred  to,  so  far  ideal :  to  get  practically  uniform 
•quality  on  the  whole  ground  is  so  difficult. 

6863.  Have  you  ever  seen  sewage  really  satisfaotorrly 
purified  at  the  higher  raftes  ?  That  is  to  say,  have  you 
ever  seen  60,000  gallons  of  sewage  purified  on  an  acre 
of  land? — ^Yes,  on  portions  of  the  land  we  would  deal 
with  it.  If  there  are  25  acres  as  I  speak  of  in  this 
•exampile  in  the  north,  p<»rtion6  of  that  will  really  be 
Kewaged  up  to  2,000  population  per  acre ;  others,  again, 
where  we  have  a  little  clay,  or  not  at  all  events  so 
I)orous,  would  be  less,  but  the  average  would  be 
perhaps  1,750,  being  some  of  it  1,500  population  per 
acre  at  that  rate,  and  others  2,000  on  the  same  works. 

6864.  Does  that  include  when  stonn  water  is  put  in  ? 
The  volume,  of  course,  is  increased ;  the  volume  that 
has  to  be  deailt  with,  that  has  to  be  purified,  is  causing 
that  land  to  be  very  seriously  taxed  if  you  are  ta%iiting 
>60,000  gaiLlons  on  one  acre,  and  you  have,  in  addition  to 
that,  to  trest,  say,  two  volumes  of  stoim  water? — One 
■volume  of  sewage,  one  volume  of  storm  water,  may  I 
take  itf 

6866.  Or  you  may  have  more  than  tiiat.  If  y\m  have 
no  separate  system  you  may  have  to  treat  the  whole 
six  vollumes,  may  you  not,  of  sewage  and  lAorm  water 
in  that  proportion  of  one  acre  to  2,000  persons.  In 
your  opinion  is  that  prc^ition  excessive  or  not?  Is 
it  a  fair  proportion,  a  wori£alble  proportion,  or  is  it  an 
excessive  prof)ortion  which  cannot-  practically  be  carried 
out?— I  tiiink  only  with  separate  system  practicaliy 
workable,  and  have  carried  such  out  and  not  found  any- 
thing in  the  way  of  complaint  and  unsatisfactory. 

6866.  WeM,  will  you  Edtate  where? — ^These  places  in 
the  north  near  Newcastle,  at  Houghton  le  .Spring,  and 
near  Sheffield,  as  given  in  the  analysis,  portions  are  so 
treated  :  cUfficult  to  get  land  25  acres  of  uniform  quality, 
otherwise  you  might  apply  at  the  rate  of  2,000  all  over ; 
<but  finding,  in  point  of  fact,  one  portion  of  the  land  not 
so  good  as  others  in  being  porous,  tlien  we  are  obliged 
discretionaUy  to  apply  sewage  by  giving  the  working 
foKman  to  understand  which  we"  consider  the  one  and 
w4iich  the  other.  But  the  average,  certainlv,  tiiat  we 
would  give  is  1,750,  being  some  of  it  1,500,  some  of  it 
2,00G. 

6867.  Tliat  is,  1,750  would  be  52,500  s^allons  per  acre 
of  crude  sewage  altogether  ?— Not  crude,  but  suibsided 
sewage. 

6868.  At  Houghton  le  Spring?— At  Hougiiton  le 
Spring  and  near  Sheffieild,  and  the  analyses  given  tJiere 
are  in  the  appendix. 

6860.  You  say  the  size  of  the  simple  subsidence  'tank 
shouM  be  per  squaire  yard  in  the  proportion  of  250  gal^ 
loM  ofsewage  in  dry  weather,  and  200  gallons  per  square 
yam  when  oomibined  with  chemical  precipitaticm.  That 
depends  upon  the  denith  of  the  tank,  does  it  not?^-(Dt 
n  f/ '  J  *^T^  '*  ^^  relative  pcopoition  there,  but  about 
half  a  day's  sewage  where  mechaijioal  subsidence  to  be 
ni'ld  in  the  taiik. 

6860*.  Does  that  work  out?  What  deptli  are  vou 
■supposing  the  tank  to  be  ?— The  tanks  are  usually  about 


at  the  one  end  4ft.  6in.,  to  2ft  6in.  at  the  other,  having      ^^.  j, 
a  fall  upon  them  to  the  inleit.  Baijijur, 

ll.INST.C  M. 

6870.  Then  you  say  that  stoita  water  after  six  times     '  &c.  '   ' 
the  dry  weather  floftv  can  be  treated  on  the  saane  land,  ,5jj~iggQ^ 

we  will  say,  in  the  maximmu  proportion  that  you  have     * !_ 

been  giving  1,750  persons  to  the  acre  or  2,000  ? — Yes. 

6871.  In  addition,  you  want  six  times  that  to  the 
volume.  riiat  is  to  aay,  instead  of  52,500  gallons  per 
acre  you  may  have  300,000  gallons  per  acre  to  treat 7 — 
Yes,  in  this  way,  provided  that  the  rainfall  is  not  coming 
exceptionally  on  titie  works,  and  that  we  have  power  to 
open  or  have  a  movaible  valve,  so  that  when  the  giound 
is  saturated,  as  one  might  say,  with  the  ordinary  rainfall 
falling  upon  it,  there  would  not  in  addition  on  that  occa- 
sion be  six  flows  to  make  it  as  it  were  super-satuiated, 
and  when  practically  the  liquid  in  the  river  and  that 
overflowing  are  identical  in  quality. 

6871*.  No,  I  did  not  understand  you  meant  to  say 
tliat.  At  some  point  in  this  treatment  yoM  get  rid  oc  a 
poztion  of  the  six  volumes  and  turn  it  into  the  river 
direct? — ^Weili,  whit  I  have  got  t^e  Local  Government 
Board  sometnmes  to  pass — chat,  notably,  at  Barnard 
Castle.  There  we  have,  I  should  rather  say,  fixed  over- 
flows all  along  the  line  of  serwer,  but  when  we  come  to 
the  ground,  only  one  that  is  movaHe  in  the  discretion 
of  the  manager  or  the  foreman,  and,  of  course,  under 
strict  instructions  not  to  abuse  the  use.  I  know  it  is 
a  very  delicate  point  to  intioduce  and  to  put  into  tilie 
hands  of  working  managers  on  sewage  fairmis;  but,  on 
the  other  hand,  as  in  fiiotory  regulations,  they  should 
be  made  if  they  abuse  things  to  mxS&r  for  it,  so  that 
wlhat  I  say  is,  at  Barnard  C&tie  and  other  places  when 
the  grouiid  is  satuiated,  and  aatumated  with  ordinary 
lainfall,  and  the  sewers  running  with  an  excess  above 
six  times,  w^y  turn  ihis  on  to  the  ground  already  satu- 
rated in  tfliose  oircumfitances  ? 

6872.  That  is  not  the  point,  above  six  times.  I  am 
now  speaking  of  the  six  viollumes.  As  I  undetr^nd  during 
part,  of  the  time  that  six  voluones  can  be  coming  down  if 
tlie  land  is  satuiated  you  have  some  means  of  turning  the 
excess  up  to  six  times  into  the  river  direct  by  some 
sJuice  or  other  means  loft  at  the  discretion  "ol  the 
manager  1 — W«H,  of  course,  all  along  the  line  I  should 
make  it  clearly  understood  are  only  fixed  overflows,  but 
(Hie  movable  at  outlall,  and  that  does  give  rise  to  the 
criticism. 

6873.  We  have  never  allowed  that,  have  we?— Yes, 
snd  without  this  movable  one  would  be  a  miafoitune 
to  the  land  a^id  make  its  period  of  reei2peB:atioa  not  so 
short,  when  it  is  satuiated  ailso  with  the  ordinary  rain- 
fall, or  where,  like  an  agricultural  yard  ooveired  over, 
you  were  only  putting  what  is  in  the  sewer  on  to  it ; 
but  when  you  have  got,  in  addition  the  ordinary  rainfaJl 
to  satuiTite  it,  I  thix&  it  is  a  misfortune  and  not  deeirable 
to  turn  also  on  the  sew.nge  and  to  take  up  to  six  times. 

6874.  And  why  should  you  not  provide  against  that 
by  having  storm  filters  ?— WeM,  that  is  coming  more  in 
use  only  of  late. 

6875.  I  am  merely  suggesting  it  as  a  remedv — never 
mind  whether  it  is  coming  in — as  a  remedy  to  that.  Of 
course,  what  you  suggest  is  that  it  should  be  left  to  the 
(liscpetion  of  the  farm  manager — at  a  certain  point  he 
may  raise  his  sluice  and  turn  the  whole  of  the  stuff  into 
the  river  direct? — Yes. 

6876.  While  the  sewage  up  to  six  volumes  is  on  his 
farm  he  may  by  means  of  sluices  get  rid  of  it  altogether 
when'  he  thinks  it  is  rather  too  much  for  him  ?— That  is 
the  reason,  you  know. 

6877.  We  ^ouU  never  allow  that  ?— Bye-Jaws  should 
be  otnnpiled  so  that  a  man  ought  to  be  fined  the  same  as 
for  a  factory  for  misusing  the  sluice.  If  a  man  abuses 
his  trust  get  him  paid  off  and  fined. 

6878.  I  do  not  think  they  sJiouild  trust  him  ?— In  cir- 
cumstances it  is  too  often  done,  I  daresay,  without 
beina:  duly  arranged  for,  but  there  it  is  in  some  cases 
actuallT  arranged  for  that  whoever  injects  on  behalf 
of  the  County  Council  or  other  method  of  inspection  has 
only  to  look  at  this  one  outfall  valve,  all  along  the  line 
being  fixed,  and  his  attention  by  stnprise  visit  or  other- 
wise just  simply  to  be  devioted  to  that  one.  I  should 
not  have  them  all  along  the  line  in  that  wajr,  and  that 
was  ju-*rt  my  reason  for  it. 

6879.  But  would  it  not  be  a  remedy,  a  much  mors 
fwtisfaotory  remedy,  instead  of  giving  the  farm  manager 
this  discretion,  to  have  separate  artificial  filters  or  an 
area  of  land  on  which  this  excess  water  can  be  treiribed, 
instead  of  polluting  your  farm  with  it  and  satumting  it^ 
to  have  a  special  area  where  sewtage  or  stonn.  water  oan 
be  treated  ?— There  is  an  important  point  in  that,  be- 
cause if  we  find  the  abuse  was  not  covered  bv  tlie  inspco- 
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Mr.  D.      tion,  and  things  were  not  satisfactory,  then  at  greater 
■»!  nrSTtTK   ®^**  ^^  should  have  to  rewort  to  that,  and  no  doubt  an 
'  ^c'   '  in^poctttmt  point  in  it,  I  quite  confess. 

IoSCotTiqoo.     68^-  ^<y^i  as  to  undeTdiainage   of  kmd,  you  say  all 
^  '  land  should  be  undeidTain^ed  nuore  or  less  ?— Yee. 

6881.  Wheither  broad  irrigoitdon  or  intemndttent  dofwn- 
ivnaird  filtration,  or  any  process,  in  faot,  of  treatment,  the 
land  shouild  be  underdmined  ? — ^Yes,  that  is  my  opinion. 

6882.  You  do  not  maike  a  distinction  between  broad 
irrigation  and  intennittent  dlownward  filtration  by  say- 
ing the  land  is  dmioMd  in  one  case  and  not  in  the  other  7 
—-No,  my  exiperience  is  to  drain,  to  drain  it  pn>por- 
tionateiy  to  condition,  but  generally  to  have  some 
drainage,  and  so  ahpiays  command  an  effluent  that  can 
be  inspected,  but  have  a  ditunage  proportionate  to  the 
porosity  of  the  laod.  I  think  with  a  rolume  such  as 
that  put  upon  the  land  it  reaUy  w«nts  some  artificial 
relief  to  some  extent  more  or  less. 

6883.  Would  you  underdrain  day  land?— I  have  done 
it ;  but,  as  a  ruile,  as  I  have  put  it,  I  nerer  try  to  find  a 
day  land,  and  rather  pump  than  adopt  a  day  land,but 
I  know  there  are  unsatis^iotoTy  cases.  I  have  never 
had  suoh  myself,  beoause  mine  has  never  been  actually 
day ;  it  may  have  been  more  or  less  tenacious.  I  know, 
for  instance,  Hairogate  is  unsatisfaotoiy.  I  have  seen 
It  myselkf.  It  cracks.  There  they  went  and  roughly 
filled  up  the  trendies,  and  that  made  it  woree.  Per- 
nm»  Sir  Robert  RawJdnson  advised  in  those  days  that 
the  trench  should  be  filled  up  with  large  stones.  In- 
»^^  of  filiin?  it  in  with  the  clar,  it  was  filled  up,  I 
understand,  wath  the  large  materiai,  laige  pieces  of  stone 
and  rough  gnaved  into  the  trench,  tlien  sewage  gets  down 
aiereadier  to  the  dmins.  I  do  not  know  whether  it 
M  true  or  not,  but  it  is  an  iUustnition  of  cases  if  it  had 
*»^filled  m  with  the  darv  instead  of  a  rougher  material 
c£  stony  nature,  it  would  be  apt  to  crack,  and  it  would 
Hare  to  be  looked  to  very  frequently. 

6884.  And  iihe  sewage  would  go  down  to  iffie  under- 
drains  exactly  as  it  came  on  the  famil^Yes;  and 
I  was  enga^  to  examine  the  HaTrogate  Ooiporation 
^uent  on  ihett  war,  because  there  is  a  place  calied 
Knaresborough,  a  few  miles  below,  where  they  have  to 
pump  the  water  from  the  Biver  Nidd  there. 

6885.  "Wjhat  are  the  advamt^ges  of  undeidflraininir  ?— 
fxcess  of  liquid  that  would  remain  in  tflie  land  is  better 
in  8omewaytobeabetraoted,but  todoit  thorouchly  in  a 
devised  way,  md  certainly  look  at  the  proporti^  of  your 
drain^s   to  the  nature  of  tiie  land.      I  like  alwaji  to 

r^n'th:;S:."''  ^^"^^^^^^  ^^'^^  -  --  --  ^^« 

fn^'  ^-^^  """Vli  K.^""  ^*°^  available  and  used 
for  irrigation,  of  the  filtered  effluent  at  Hampton 
have  you  any  remark  to  make  on  the  apparent  de- 
terwration  of  the  effluent  by  being  irrigation  land  ? 
—When  I  saw  Dr.  Gassal'a  analyses  and  his  note, 
which  IS  given  m  my  appendlix,  I  took  the  liberty 
of    inquirmg,    as    he    says    that    it   illustrates,    thait 

i^^i  ^  •  i,i^  V  °*^  *®®  (^®  P^  it  so  far  a 
little  advisedly)  that  land  deteriorotes  the  effluent, 
they  get  from  three  of  each  4fU  deep  bacterid 
!i  1.  r®^^  ^P  ^^  IMbdia  system.  Well,  I  oould 
not  believe  it  any  moore  tiban  I  think  you  did 
yourself  General,  and  I  find  the  same  remarks 
apply  at  Carehalton,  whore  Mr.  Baldwin  Latliam 
earned  out  the  works,  where  it  will  be  seen  that 
the  effluent  by  Mr.  Dibdin's  analyses  apparently  is  de- 
teriorated by  being  passed  through  land,  and  better 
without  the  intervention  of  land,  less  albuminoid 
ammonia.  I  had  occasion  to  go  to  Hampton,  and  I 
have  seen  it,  I  daresay,  half-a-dozen  times.  Cir- 
cumstances put  me  in  the  way  available  for  inspecting 
it  now  and  a.gain,  and  I  took  an  interest  in  following 
It  up  a  little,  particularly  as  there  are  12ft  total 
depth  of  tanks.  I  spoke  to  the  surveyor  about  how 
can  it  be  the  land  gravel  when  it  is  of  so  clean  a  de- 
scnptioB  You  might  have  made  the  Dibdin  tanks 
with  such  a  thoroughly  good  gravel— full  of  sand  and 
pitty,  no  clay  matters  even  to  give  it  discoloration, 
far  lew  to  add  to  the  organic  matter.  When  I  named 
it  to  him  he  said,  "  We  have  conadecred  it,  and  find 
^t  we  put  crude  sewage  a  week  or  a  few  days  before 
I>r.  Gassal  took  his  analysis.  We  put  somewhat  crude 
sewage  on  the  land  from  the  first  tenk  (4ft  above  the 
land  there).  We  put  the  crude  sewage  there,  and 
our  drain  trenches  had  been  onlv  recently  filled  in 
somewhat  loosely,  not  consolidateli,  over  the  general 
drainage."  In  this  case.  General  Carey,  too  much  of 
It  drainage  and  too  shallow,  perhaps  better  there  in 
parts  without  it,  as  chiefly  open  free  gravel  through- 
out the  20  acres.     In  the  first  instance  the  crude  sew- 


age— ^practically  often  thick  crude  sewage — ^gathers  on 
the  top  of  the  first  tank  to  about  three  or  four  inches 
in  depth,  recently,  I  could  see.  Well,  this  first  tank 
rou^h  effluent  was  applied  over  these  trenches,  and 
reauiiy  got  down  lo  the  drains.  Then  in  a  few  days 
or  within  a  week  afterwards  the  best  effluent  prac- 
ticable to  be  got  from  the  three  tanks  was  applied 
over  these  raw  trenches,  which  had  been  foaled  by  the 
sewage,  and  the  drains  also  admittedly  fouled.  The 
result,  of  course,  was  not  satisfactory,  and  organic 
matter  was  added  to  the  analyses.  This  was  the  ex- 
planation as  to  the  deterioration,  and  now  relieving 
land  from  having  been  blamed  for  it.  The  same  at 
Carshalton,  land  not  being  clean.  Dr.  B*ideal  and 
Mr.  Dibdin   I  saw    alluded  to  these  misconceptions. 

6887.  As  to  the  tidal  outfalls,  if  crude  sewage  is 
discharged  into  the  sea  or  tidal  rivers,  is  it  not  prob- 
able that  the  solid  matter  in  suspension  will  be  de- 
posited on  the  foreshore  unless  there  are  precautions 
for  discharging  it  on  the  ebb,  if  that  is  the  most  favour- 
able current  for  treating  it? — Did  you  say,  GeneraU 
into  the  sea  or  tidal  waters? 

6888.  I  said  either? — ^Either?  Well,  my  opinion  is, 
as  a  rule  crude  sewage  may  be  discharged  at  extreme 
low  water  mark  into  the  sea  without  preliminary  treat- 
ment, but  in  a  direction  found  by  float  experiments, 
as  done  by  me,  near  Saltburn-on-Sea,  for  instance, 
with  the  approval  of  the  Local  Government  Board, 
and  since  verified  satisfactorily,  and  never  any  com- 
plaint ;  no  seagulls  seen  over  outfall,  and  no  reflux 
sewage  on  the  beach  ;  but  we  take  it  down  about  800 
yards  by  metal  pipe  to  extreme  low  water. 

6889.  They  discharge  on  the  ebb  ? — On  the  ebb  ? 
Xo,  any  time. 

6890.  Any  time? — ^Into  the  open  sea,  and  no  com- 
plaint made  of  it.  Scarborough  the  same,  also  Bourne- 
mouth. I  was  down  there,  and  saw  ^e  Borough  En- 
gineer, and  he  said  no  trouble.  On  the  other  hand, 
again,  I  recently  went  to  look  at  Cromer,  saw  there 
the  septic  tanks  were  intercepting  or  beginning  to 
partly  intercept,  as  they  were  just  about  com- 
pleting three  of  them — ^I  do  not  know  with  what 
result—to  intercept  solid  matters,  at  all  events,  before 
discharge  into  the  sea.  The  sewage  was  to  be  taken 
down  to  low  water,  or  nearly  so,  but  having  this  pre- 
liminary treatment  therew  I  asked  the  reason  why, 
and  they  say  having  a  northern  aspect  there,  others 
and  diflferent  Vith  east  or  southern  aspect.  Having 
north  aspect,  and  tide  coming  from  the  north,  they 
think  it  necessitates  under  circumstances  like  that 
preliminary  treatment.  They  have  had  difficulty 
witah  visitors  observing  that  floating  matteiB  were 
seen  on  the  shore,  and  also  a  great  number  of 
seagulls  at  the  outfall,  which  was,  I  think, 
onginally  within  low  water  mark,  not  out  to  it,  as 
ought  to  be  in  all  cases,  and  at  any  rate  to  have  given 
a  fair  chance.  Then  they  say  that  by  desire  of  the 
Local  Government  Board  at  Morecambe  Bay  preli- 
minary treatment  is  required,  and  there  it  is  being 
carried  out.  I  do  not  know  if  the  Local  Government 
Board  specify  the  nature  of  the  treatment.  However, 
they  have  also  there  a  septic  tank  being  constructed. 
The  works  have  just  begun. 

6891.  In  that  case  the  pipe  went  a  very  long  way 
out  to  sea  and  discharged  on  the  ebb  tide.  It  was 
proved  by  floating  experiments  that  by  no  possible 
means  could  it  come  back  to  the  foreshore.  I  am 
now  taking  an  ordinary  seaside  place.  If  crude  sew- 
age is  discharged  at  all  times  of  the  tide  is  it  not  prob- 
able that  the  sewage  will  oscillate  backwards  and  for- 
wards with  the  tide  in  front  of  this  seaside  place — it 
may  be  a  waierins  place  or  may  not? — I  think  it  is  a 
matter  that  should  be  very  carefully  considered,  espe- 
cially a  sea  resort  where  any  dissatisfaction  that  way 
might  lead  financially  to  bad  results.  I  think  it  is  a 
very  important  poant  to  consider  always,  and  if  they 
are  not  able  to  pay  to  have  it  taken  in  tanks  and,  as 
you  indicate.  General,  discharged  on  the  ebb  tibe  only, 
the  same  as  we  do  on  tidal  rivers,  as  a  rule,  discharge 
on  the  ebb  tide,  and  have  it  held  up  there  in  storage 
tanks  previously. 

6892.  You  have  never  had  any  experience  of  a  case 
where  the  oyster  industry  is  concerned?  Sewage 
effluent  has  to  pass  over  oyster  beds? — No.  I  was 
asked  re<'ently  on  the  point  so  far  by  some  landowners 
somewhat  adjoining  to  oyster  beds.  I  was  there  going 
to  give  the  matter  a  special  consideration,  but  I  have 
not  had  actual  experience  in  it. 

6893.  (Mr,  KUlick,)  You  mentioned  in  Northumber- 
land and  Durham  the  County  Councils  taking  notes  of 
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ihe  effluents  in  tliose  two  counties.  Do  the  County 
Councils  supervise  all  the  effluents  ? — ^Not  yet  so  much 
Korthumberlamd,  but  Durham  does.  Northumber- 
land does  it  partly,  but  the  treatment  of  sewage  has 
not  so  much  been  urgent  there,  the  population  being 
xnore  in  the  County  of  Durham  ;  but  the  County  Coun- 
cil in  such  cases  are  like  the  West  Biding  inspectors — 
very  much  on  the  alert,  and  prosecute  and  altogether 
supervise  matters  very  well,  I  think,  and  there  they 
take  sami>les  of  effluent,  and  have  a  special  inspector, 
so  far  simil-ar  to  those  of  the  West  Riding,  who  chiefly 
examines  sewage  works,  and  reports  quarterly,  like 
what  I  see  Mr.  Tatton  organises  for  the  Mersey  and 
IrwcU  districts. 

6894.  Do  you  know  the  tests  by  which  they  Jpass 
such  effluents? — They  usually  when  they  are  unsatis- 
faolocy  send  the  analyses,  but  I  think  it  is  ohemical 
analysis  and  sometimes  bacteriological. 

6895.  Do  you  know  the  standards — ^Yes,  that  they 
take  the  West  Kiding  standard  of  albuminoid  am- 
monia— that  is,  0*1  grain  per  gallon,  not  to  be  ex- 
ceeded, and  for  1*0  grain  per  gallon  oxygen  absorbed 
in  four  hours. 

6896.  That  is  both  Durham  and  Xorthusmberland  ? 
— ^13oth  Durham  and  Northum'berland,  yes,  but  more 
particularly  Durham,  wherre  they  h&ve  given  more 
consideration  as  yet,  having  more  scope  from  popula- 
tion. 

6807.  Have  you  any  experience  of  treating  the  sew- 
age of  towns  discharging  into  tidal  rivers  such  as 
Warrington  on  the  Mersey  or  Preston  on  the  Bibble  ? 
— Well,  I  got  out  a  scheme  for  discharging  sewage 
into  the  lliver  Vie&r  below  Durham,  but  on  the  tidal 
portion,  the  lower  reach  of  it,  and  there  we  submitted 
to  the  Local  Government  Board  a  tank  to  hold  up  the 
sewage  and  discharge  it  when  the  ebb  tide  was  be- 
ginning. 

6898.  Not  to  treat  it  in  any  way  ? — Well,  in  conjunc- 
tion with  it  there  was  a  subsidence  tank,  and  alsd 
an  arrangement  for  adding  alumina  ferric  should  it 
be  required. 

6898*.  Do  you  think  that  is  sufficient  1 — For  the  stan- 
dard volumes  usually  taken — viz,,  the  maximum  of  sewage 
and  the  minimum  of  the  river  flow  at  perhaps  30,  40, 
or  50  times — ^I  think  then  it  is. 

6800.  But  if  the  river  was  30,  40.  or  50  times  the 
maximum  flow  of  the  sewage  sedimentation,  is  all  that 
is  required  on  a  tidal  river?— That  is  my  opinion,  yes. 


6000.    (67i airmail.)     I  should   like   to  ask  you  one      ,yr.  n. 
general  question,  Mr.   Balfour :    Do   you  think  from     Baif^tr, 
your  experience  that  the  filtration  really  depends  on  m.i5OT.c.e., 
the  quantity  of  filtration,  so  to  speak, — that  is  to  say  i5Nov.iooc 

that,  supposing  an  effluent  has  filtered  over  land  and      

filtered  through  artificial  filters,  you  would  gob  it 
equally  good,  provided  the  amount  of  the  filtration 
was  the  same  ? — I  do  not  think  I  quite  follow  you,  my 
lord. 

6901.  Well,  you  can  have  an  effluent  filtered  through 
hind  ? — ^Yes. 

6002.  And  you  can  have  the  same  effluent  filtered 
through  coke  or  aoy  other  artificial  filter  ? — Yes. 

6003.  Well,  do  you  think,  provided  the  amount  of 
filtration  is  the  same,  you  will  turn  out  an  equally 
good  effluent? — Yes,  I  quite  think  so. 

6004.  Then  it  depends  on  the  amount  of  filtration? 
—Yes. 

6905.  And  not  on  the  quality  of  the  filter?— That 
is  what  I  think,  only  giving  the  bacteria  due  predo- 
minance. 

6906.  You  will  be  inclined  to  think  that?--Oh,  yes, 
that  is  really  what  I  come  up  to.  I  was  a  little  like 
others  at  first,  inclined  to  pooh-pooh  the  electric  light 
and  to  pooh-pooh  the  bacteria  tank  system  a  little, 
but  now  I  think  really  it  can  be  made  effective  in  that 
way  if  not  overburdened.  I  should  not  exceed,  as  a 
rule,  over  200  to  150  gallons  to  tili.e  square  yard,  ana 
it  would  depend  on  the  nature  of  the  sewage. 

6907.  {Ma jar-General  Catxy.)  That  is  continuous 
filtration? — ^Tliat  in  continuous  filtration,  yes.  Tliat 
is  my  opinion,  if  I  may  add  that,  after  looking 
well  into  the  process,  I  understand  Leeds  is  also 
^oin^  into  contimious  filtration.  1  have  seen 
Leeds  and  Mandiester  works  on  various  occasions. 
I*erhap8  in  coiiclusdon,  my  lord,  you  would  allow  me  to 
say  that  if  you  could  see  your  way  to  take  up  the  sub- 
ject  separately  of  dealing  with  domestic  sewage,  apart 
from  oases  where  trade  effluents  are  involved,  it  would 
l>e  a  great  relief  to  many  oammunities  ?  For  instance, 
I  am  dealing  with  one  where  if  it  were  the  case  of  land 
not  being  necessary  and  weak  sewage,  then  we  should 
have  no  pumping  from  and  no  land  necessary  with, 
say,  a  population  of  about  6,000,  save  about  £4,000  if, 
as  we  were  just  alluding  to,  the  treatment  through 
bacterial  tanks  would  be  accepte>l  for  cases  of  weak 
and  domestic  sewage  only,  and  leaving  your  lordship 
and  gentlemen  to  consider  as  to  trade  effluents  further 
on. 


TWENTY-SEVENTH    DAT. 


AT   KETGATE. 


Tuesday,  *ntk  Nowuit)ei\  1900. 


PKE8£MT  : 

8ir  Michael  Fostek,  M.r.,  f.r.s.  (in  the  Chair). 
xMajor-Gen.  CuNhtantine  Phij»P8  Cakby.  |  Colonel  Thomas  Waltek  Harding. 

Mr.  F.  J.  WiLLW,  Secretary. 


Mr.  William  Hbnbt  Pebsoott  (Borough  Engineer  to  the  Corporation  of  Reigate,  Surrey),  called ;   and  Ex- 
amined. 


6908.  (Chairnian,)  Tou  are  the  engineer  to  the  Sewage 
Works  here  ?— Yes. 

6909.  Will  you  briefly  state  the  history  of  the  present 
installation  ?— The  trial  plant  which  you  inspected  this 
morninff  was  put  down  at  the  end  of  1898,  and  consists 
of  a  grit  tank  aaid  two  bacteria  betls  ;  tlie  grit  tank  ha« 
been  designed  to  hold  about  two  and  a  \\vAt 

6910.  Excuse  me,  the  experiment,  if  we  may  so  call 
it,  arwe  from  a  desire  on  the  |>art  of  the  Town  Council 
to  see  if  there  was  some  ot^er  plant  of  sewage  disposal 
which  would  be  more  convenient  for  the  Council  than  the 
land  system,  which  would  bo  less  expensive  and   more 
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effective,  and  your  Council  determined,  after  some  con-  ^^  ^^  ^^ 
sideration,  to  make  an  experiment  with  a  portion  of  the  p^tMriut. ' 
sewage  ?— Tes.  g^  n^jTisuw  . 

6911.  When  were  those  experiments  begun  ?— Tlie  ex- 

periments  were  commenced  at  the  end  of  1898. 

6912.  And  in  their  first  fonn  they  consisted  in  divert- 
ing a  part  of  the  sewage  first  into  a  small  tank  ?— That 
is  lio— ^a  volume  of  20,000  gallons  a  day. 

6913.  And  then  from  the  small  tank  into  what  was 
called  at  the  time,  i  believe,  an  anaerobic  sludge  bed  ?— 
X<«y  that  iA  so—an  aiMerobic  ibacteria  butt 
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iTr.  w.  u.       6014.  And  from  the  anaerobic  sludge  bed  the  effluent 
Preseott.    ^^s  carried  to  what  ?— To  a  sprinkler  bed,  where  the  final 
127  Nov.  1900.  purification  was  effected. 

6015.  Was  that  Mr.  Candy's  sprinkler  then  ?— On  the 

last  bed,  jes,  sir;  the  same  sprinkler  which  you  have 
seen  tc-day ;  that  has  never  been  removed ;  it  has  been 
in  operation  now  for  two  yean. 

6016.  What  was  the  volume  of  sewage  that  you  dealt 
wirth  for  this  eiperionental  purpose  ?— Per  square  yard  ? 

6017.  No ;  how  much  per  day  or  per  hour  ?— The  total 
volume  of  sewage  dealt  with  on  the  trial  plant  was  from 
20,000  to  25,000  gallons. 

6918.  Per  24  hours  ? — ^Per  day  of  24  hours,  yes. 

6919.  Now,  will  you  just  briefly  describe  how  that  was 
treated.  In  the  first  instance,  when  you  began,  it  was 
carried  by  the  conduit  to  this  amall  grit  tank  ? — To  this 
small  grit  tank  where  the  road  grit  and  mineral  martter 
was  arrested. 

6920.  Wfaat  was  the  size  of  that  tank  ? — I  have  not  the 
dimensione  of  that  tank,  sir,  but  it  was  designed  to  hold 
two  and  a  half  hours'  flow. 

6921.  Then  that  was  admitted? — ^Then  that  was  ad- 
mitted into  the  anaerobic  chamber. 

6922.  And  how  was  it  admitted  into  the  chamber? — 
It  was  admitted  into  the  chamber  by  wooden  troughs 
placed  a)x.ut  two  feet  apart  ;  I  afhould  say  there  were 
about  fourteen  in  all  covering  the  whole  area  of  the 
anaerobic  chamber. 

6923.  The  anfierobic  chamber  consisted  of  a  space  filled 
with  coarse  clinkers  or  broken  bricks  7 — Coarse  clinkers 
and  broken  bricks  combined,  yes. 

6924.  And  was  covered  over? — And  was  covered  over 
with  clay  and  with  about  three  inches  of  turf  to  prevent 
the  clay  from  cracking  in  the  summer  time. 

6925.  And  what  was  the  nature  of  the  entrance  and 
exit  into  the  anaerobic  chamber? — ^There  is  a  channel 
there  about  18  inches  wide  and  some  six  inches  deep, 
which  admitted  the  crude  sewage  into  the  wooden  troughii 
\Thich  I  have  already  described  placed  about  18  inches 
.ipart,  and  the  exit  was  by  means  of  a  concrete  sill 
deKvering  into  a   vertical  pijpe   wihich  discharged  the 

■anaerobic  effluent  on  to  the  firponkler  bed. 

6926.  But  that  was  so  arranged,  was  it  not,  that  the 
whole  of  the  chamber  was  waterlogged? — ^Waa  worked 
under  waterlogged  conditions  as  regards  the  anaei'obic 
bed. 

6927.  From  Idience  it  was  carried  to  the  chamber  with 
Ihe  intermittent  sprinkler  ? — That  ia  so. 

6928.  Wbat  waa  the  nature  of  the  contents  of  that 
chamber? — ^Well,  I  am  perhaps  wrong  in  staitang  that 
that  was  so  at  tlie  time,  if  you  refer  to  the  chamber 
intermediate  between  the  two  beds  tiie  ohamsber  which 
you  have  seen  this  morning  occupying  the  snace  between 
the  anaerobic  chamber,  and  the  final  filter  bed  was?  not 
<x>nstnioted  at  that  time,  the  anaerofbic  effluent  was  tlien 
deUyered  direct  on  to  the  sprinkler,  there  was  no  inter- 
mediate chamber. 

6929.  But  it  was  delivered  in  such  a  fashion  that  the 
anaerobic  chamber  waa  always  waterlogged? — ^Was 
always  waterlogged ;  yea. 

6930.  And  it  was  delivered  at  the  top  level  of  the 
•chamber  ? — ^That  is  so,  and  the  sprinkler  bed  was  worked 

.   continuously  by  that  means. 

6931.  What  was  the  construction  of  that,  filter  bed  at 
the  beginning  ? — ^It  has  never  varied  from  what  you  have 
seen  this  morning ;  the  final. filter  bed  haa  never  been 
altered  in  the  least. 

6932.  Can  you,  or  shall  we  ask  Mr.  Gandy  subse- 
quently to,  give  us  a  statement  ?—^r.  Gandy  has  the 
statement  of  the  filtering  maiterial  used  there;  it  has 
never  been  changed  from  the  time  it  waa  put  down  two 
years  ago. 

6933.  And  the  sprinkler  was  in  the  form  in  which  it 
exists  now  ?— Tliat  is  so,  it  has  never  been  touched. 

6934.  In  fact  the  whole  of  that  filter  bed  remaina  un- 
touched  ? — Precisely. 

6935.  From  the  time  at  which  it  was  first  installed  two 
years  ago  ?— That  is  so ;  it  has  never  been  altered  in 
the  least. 

6936.  Then  may  I  ask  what  led  to  the  changes  in  the 
system  which  have  been  subsequently  introduced?— 
Well,  the  anaerobic  chamber,  althou(g:h  it  gave  us  a  very 
gopd  effluent  as  proved  by  the  analyses  of  the  m»lical 
officer  of  health,  evolved  an  objectionable  smell  which 


might  have  been  taken  objection  to  by  the  golfen  using 
the  common  adjoining,  and  th^e  Oounoil  then  decided  en 
my  reoommendiatian  to  convert  it  into  a  Dibdin  bed, 
and  that  was  done,  and  as  you  have  noticed  this  morning, 
we  have  the  tannery  refuae  to  deal  with,  and  when  the 
sewage  waa  h^hly  charged  with  this  tannery  refuse  and 
worlong  on  the  tnibdin  jtiinoaple,  although  we  gave  the 
sewage  as  much  aa  six  hours  contact  in  the  Dibdin  bed, 
that  was  the  coarse  bed,  the  first  bed,  it  failed  to  remove 
the  colour  of  the  tan  and  also  produced  a  slight  smell. 
Mr.  Candy  then  suggeated  that  that  could  be  overcome 
by  putting  down  a  sprinkler  on  the  firat  bed,  wl£ch  was 
done,  and  I  am  pleased  to  siay  that  it  hae  remored  the 
difficully.  Although  some  fifteen  minutes  only  elapses 
from  the  time  the  sewage  ia  diecharged  on  the  bed  to 
the  time  it  leaves,  the  colour  is  entirely  removed,  and 
there  is  pvaotically  no  smell,  as  you  have  seen  thia  morn- 
ing, and  the  dSQuent  is  all  that  we  oould  desire.  I  have 
the  reports  which,  have  been  presented  to  the  Oounjil 
from  time  to  time  by  the  meoioal  officer  of  health ;  I 
shall  have  pleasure  in  handing  them  in. 

6997.  {Colond  Harding.)  li  we  could  have  a  typical 
series  of  analyses  or  an  average  over  a  considerable 
period? — I  should  be  very  pleased  to  mo^e  you-  copies 
of  this  and  send  them  to  you. 

6958.  We  do  not  wanit  extensive  tables? — They  are 
not  extensive  tables  at  all ;  in  fact  the  medical  officer 
aince  we  put  a  sprinkler  on  the  first  bed  states  in  his 
report  that  he  is  of  opinion  that  the  effluent  from 
the  first  bed  is  fit  to  discharge  into  the  stream  without 
any  further  treatment  whatever;  he  is  very  highly  de- 
lighted with  the  result. 

6939.  (Chairman.)  The  smell  t^at  gave  oS&Dce  to  the 
golfers? — ^We  have  had  no  complaint  from  the  golfers, 
but  we  were  afraid. 

6940.  You  had  no  actual  com^ylaint? — We  had  no 
actual  complain  ;  no  complaint  whatever,  but  the  chair- 
man of  the  Sewage  Farms  Committee  and  myseiif  wert 
down  there  at  certain  times. 

694L  <But  the  odour  which  was  so  perceptible  aios» 
while  your  first  tank  was  completely  covered  over? — 
That  is  so,  and  worked  under  waterlogged  conditions, 
it  gave  us  a  veiy  good  effluent,  but  it  evolved  this 
objectionaible  smell. 

6942.  How  did  it  evolve  it ;  backwards  or  forwards,  so 
to  speak  ? — ^Backwards  on  the  level  of  the  sewer,  and  I 
may  say  too,  with  a  view  to  overcoming  that  smell,  we 
covered  the  chamber  in  where  the  effluent  was  dis- 
charged on  to  the  second  bed  and  put  some  upri^t 
pipes,  then  the  smell  was  emitted  on  the  level  of  the 
surface  filter — ^tlhe  final  bed. 

6043.  The  sewuge  with  which  you  were  dealing  was 
drawn  off  from  the  main  outfall  l^  a  lateral  opening  ? 
— ThsA,  is  so.  There  is  a  6in.  pipe  which  is  controlled 
by  a  disc  valve. 

6944.  Consequently,  I  suppose,  a  gbod  deal  of  fhe 
solid  matter  which  is  in  the  geneivJ  outfall  is  carried 
past  that  opening,  and  it  is  chiefly  the  most  fluid  parts 
which  enter  by  that  valve ;  but  the  sewage  which  you 
are  treating  consiets  of  less  solid  matter  probably  than 
the  main  ?— Well,  I  hardly  think  that  is  so  ;  the  screens 
cei*taanly  separate  the  coarser  particles  of  sewttge. 

6945.  I>imipB  of  fseces  and  S6  on  whichi  would  pass 
your  screen  would  naturally  be  carried  past  that  open- 
ing rather  than  be  drained  into  it ;  is  not  that  the  effect 
of  a  lateral  opening  of  t^t  kind? — I  thxnk.  as  you  saw 
this  morning  there  is  a  lot  of  fteces  in  the  gtit  tank. 

6946.  Tou  think  the  sewage  you  are  treating  is  a  fair 
specimen  of  the  general  outfall  if  it  has  passed  the 
screen  ? — Yes,  I  am  sure  it  is. 

6947.  Then  that  small  tank,  what  shall  we  call  it— 
the  precipitation  tank  ?— The  detritus  chamlber. 

6948.  The  detritus  chamber;  that  is  cleaared  out  at 
intervals? — Yes,  about  once  every  £hree  months. 

6949.  Can  you  state  roughly  how  much  solid  matter 
there  is?~-Hl  should  think  about  five  tons  is  discharged 
every  three  mondis. 

6950.  Five  tons?--!  should  say  so. 

6951.  Of  sludge? — ^Yes,  sludge  and  road  grit  and 
mineral  patter  ;  that  is  approximately  of  course. 

6052.  Then  the  final  effluent  from  your  filter  chamber 
apparently  is  taken  off  in  two  wavB ;  there  is  a  continuous 
flow  from  glome  depth  from  the  bottom  ?— Yes. 

6953.  And  the  bottom  layers  whidi  contain  a  good  deal 
of  subsided  matter  are  let  off  at  intervals? — ^That  is  so, 
^es. 
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6054.  .^6^f<nm«r<efflueiit^'ifl  diaohAi]g;ed  on  to  the  land 
eventually  7— lYue,  jee,  although  it  is  of  auffioieiit  purity 
to  go  •direcf  into  the  stream. 

6955.  You  will  let  ua  have  &<nne  condeuaed  statements 
of  the  analyses  of  the  crude  sewage  ;  what  can  you  give 
us? — I  can  hand  in  the  reports  of  the  medical  officer 
which  he  has  presented  to  the  Coimcil  from  tim<e  to  time, 
in  whaoh  he  gives  analyses  of  the  crude  sewage  and  the 
•fluent.  • 

6956.  Is  there  any  short  abstract  of  that,  any  con- 
densed report  of  that  which  could  be  given  to  us  to  flbow 
in  the  first  place  the  crude  sewage  as  it  is  reaching  this 
experimenitol  work,  then  the  flirid  which  leaves  your 
detritas  chamber? — ^No,  I  am  afraid  we  have  not  the 
analyses  of  the  medical  officer  of  the  fluid  which  leaves 
the  detritus  cbamber ;  they  have  been  taken  at  iihree 
paints,  that  is,  the  point  at  whkh  it  enters  the  detritus 
chamber,  the  point  at  w^hach  it  leaves  l£e  anaerobic 
chamber,  and  the  final  ^uent 

6057.  You  have  no  analyses  or  observations  on  ihe 
nature  of  the  material  as  it  escapes  from,  the  detritus 
ehamber? — ^Ko,  none  from  the  medical  officer ;  I  think  Mr. 
Okndy  has  some. 

6958.  {CoUmd  Harding.)  Is  your  system  of  sewers 
here  the  comlbined  or  the  separate  ?--^epai«te.  We  have 
the  duplicate  system  of  sewers  ;  we  have  one  set  of  aewersr 
for  the  surface  water  and  another  set  of  sewers  for  carry- 
ing -die  foul  water  eewage. 

6959.  Then  :t  is  the  separate  system  ? — ^It  is  the  .sep»> 
rate  system,  yes. 

6060.  jLod  your  sewage  is,  theirefore,  concentrated  by 
it? — That  is  so.  Also  we  have  two  breweries  here  and 
A  tanneiy  ;  fellmongen^  trade  refuse  liquors  as  well. 

6961.  Is  the  proportion  of  the  volume  of  effluents 
coming  from  those  tanneries  a  large  one  relatively  to  the 
volume  of  the  doanesitic  sewage  ^I  think  so,  yes.  The 
refuse  fiom  these  tanneries  dischiarges  into  the  public 
seweiB,  I  should  say,  about  four  times  a  week,  and  it 
gives  a  great  amount  of  trouble  on  the  precipitation 
works  and  farm,  because  it  is  most  vile  stuff  to  deal 
with. 

6962.  Yon  told}  Sir  Michael  Foster  that  the  material 
of  your  second  bed  had  not  been  changed  from  the  be- 
ginning of  the  experiments  ?—-iN'o,  it  has  never  been 
touched. 

6963.  Does  the  same  observation  apply  to  the  first 
bed  ? — l%at  is  so,  only  m  this  wa^ :  that  the  capacity  of 
the  bed  has  been  reduced ;  originally  we  worked  the 
bed  under  anaerobic  conditioner. 

6964.  Then  you  have  not  changed  the  material  ? — i^o. 

6965.  Nor  disturbed  it  at  all  ? — >Not  in  the  least. 

6966.  You  used  it  at  first  as  an  anaerobic  bed  perfectly 
full  ?— That  is  so. 


6967.  And  after  without  changing  the  material  you   jc r.  r.  //. 
arranged  to  empty  it  and  then  to  work  it  on  the  oon-     f^r-cott. 
tinuous  prindiple? — Quite  so  ;  that  is  so.  27Not.190o. 

6968.  Did  you  go  throagih  any  process  of  cieanstng  or 
washing  of  it  at  aill?-^No,  not  in  the  least.  In  &ct, 
when  tiie  cover  was  taken  off  the  anaerobic  ohamber  I 
got  the  man  you  saw  there  this  morning  to  dig  down 
with  the  spade,  and  he  found  it  perfectly  clean. 

6969.  How  long  had  it  worked  as  an  anaerobic  J)ed  ? — 
I  shoukL  any  from  nine  to  twedfve  months. 

6970.  And  vou  never  found  occasion  to  remove  any- 
thing from  itf — ^Nothing  whatever. 

6971.  Was  there  any  valve  to  permit  of  anything  being 
remio<ved  ? — Yes,  there  is  a  vaJive  there. 

6072.  Was  it  used  to  remove  anything  at  any  time  ? — 
Dhere  was  a  vaive  in  the  cham/ber  by  means  of  which 
we  could  flush  it,  but  we  never  used  it. 

6973.  As  matter  of  fact,  vou  never  did  flush  it  % — ^No. 

6974.  And  you  never  removed  anything  from  it  ? — TSo. 

6975.  You  found-  no  aooumulation  at  the  end  of  twelve 
moniths  ? — 'No.  When  the  man  dug  down  with  his  spade 
we  were  suiiprised  to  find  it  so  dean. 

6976.  Your  only  desire  to  change  the  syrtem  was  the 
smdl  aziaing  ixom  it T^-^That . is  so;  it  evolved  a  bad 
smell,  and  we  thought  it  desirable  to  cb  that. 

6977.  If  you  couHd  give  us  a  typical  analysis  of  the 
old  system  that  worked  anaerobically,  and  fhe  new  sys- 
tem that  woriked  as  a  continuous  filter,  we  shall  be  giJad 
to  have  it.  You  can  hand  it  in  ? — I  wi>H  hand  them  in. 
I  have  got  the  analyse«l  of  the  medical  ofiicer  when  it  Vk%% 
worked  under  anaerobic  conditions,  and  also  nrhen  we 
had  the  Difbddn  contact  bed  and  the  sprinkler  bed  as  it 
is  now. 

(CJopy.) 

17,  Spencer  Park, 

Wandsworth  Oommon, 

London,  S.W., 

May  17th,  1899. 

To  the  Reigate  Urban  Sewage  Farm  Oomnu>ttee. 

Grentlemen, — ^I  have  examined  a  sample  of  the  crude 
sewage,  a  sample  of  the  effluesit  from  the  anaerobic 
bed,  and  a  sample  of  the  effluent  from  the  anaerobic  filter 
at  your  Barlswood  Sewage  Farm,  which  your  surveyor 
sent  me  on  Mav  13th,  and  have  set  out  some  of  tliO 
analytical  data  below,  together  with  some  remarks  upon 
the  results  of  the  exanunsftion. 

Yours  obediently, 

(Signed)  ,E.  L.  Jacob. 


Crude  Sewage. 


Appearance 


Msur  -  .... 

flombined  C9  ^srime  (grains  per 
gallon). 

Oxygen  required  to  oxidise  dis- 
solved organic  matter  (grains 
per  gallon) 

Free  and  Saline  Ammonia  (parts 
per  million). 

Albumininoid  (Organic)  Am- 
monia (parts  per  million). 


Remarks 


Very  turbid,  with 
much  flocculent 
sediment. 

Of  sewage 

6-3 

1-2 


•0-0 


Not  determined  owing 
to  an  accident. 


This  is  a  sample  of  a 
sewage  of  medium 
streoigtb. 


Effluent  from  Anaerobic  bed. 


Effluent  from  Aerobic  filter. 


Turbid,  with  some  flocculent 
sediment. 


Of  sewage 


5-75 
2-2 

60-0 
1-95 


The  sample  was  very  fairly 
free  from  suspended  matter, 
and  as  might  be  expected, 
contained  more  dissolved  or- 
ganic matter  than  the  crude 
sewage,  as  determined  by 
the  **  oxygen  process.* 


Fairly  clear,  on  standing,  de- 
posited scarcely  any  sedi- 
ment. 

None. 

5-25     . 

0-75 

30*0 
0-30 


Tlie  sample  was  so  free  from 
suspenaeil  matter,  from  odour, 
and  from  organic  matter,  as 
determined  by  the  "oxygen 
process,"  and  by  the  "am- 
monia process,  as  to  be 
quite  fit  to  discharge  into 
the  brook  without  further 
treatment. 
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ROYAL   OJMMISSIOX    OX"   SKWAOE    DISPOSAL: 


Mr.,  r.  U. 
J^rMettt. 

27  Nov.  1900. 


(Copy.) 

17,  Spencer  Park, 

WancUworth  Couiumju, 

London,  S.W., 

October  18th,  1899. 

To  the  R-eif^te  Urban  Sewage  Farm  Comxni'ttee. 

Grentlemen,— ^I  beg  to  submit  the  following  report 
iiix)n  three  Hamplen  which  I  received  from  your  surveyor 
on  the  16th  inr«t.  :  — 

1.  Sample  of  crude  sewage,  taken  at  10.30  a.m.  on 
October  14th,  on  its  way  to  the  experimenibal  coarse 
bacteria  bed.  The  sample  was  turbid  and  of  a  deep 
brown  colour,  and  on  standing  depoeited  a  coneiderable 
reddish  brown  sediment.  It  had  the  odour  of  sewage 
and  of  tan,  and  cimtained  a  very  large  quau^bity  of 
organic  matter  in  solution,  the  amount  of  oxygen 
abeorl>ed  from  potassic  permanganate  being  20  grs.  per 
gallon,  or  about  eight  times  as  much  as  was  absorbed 
from  previous  aamples  of  t/he  Barlswood  orude  sewage. 
Thdfl  of  course  showa  that  this  sewage  would  be.  much 
more  diiiicali  to  purify  and  4>veak  up  into  inorganic 
•alts  than  ordinary  sewage,  especially  if  the  organic 
matter  in  it,  as  I  am  informed,  wom  chiefly  of  vegetable 
origin  (spent  tan.) 

2.  Sample  of  the  effluent  from  the  coarse  bed,  taken 
at  1  p.m.  This  sample  was  also  turbid  and  brown,  but 
on  standing,  only  deposited  a  small  quanftity  of  brown 
sediment.  It  smelt  faintly  of  sewage  and  tan,  and  con- 
tained muoh  less  dissolved  organic  matter  than  the 
crude  sewage,  tlie  quantity  of  oxygen  absorbed  from 
potassic  permanganate,  though  still  very  great  (viz.,  six 
grains  per  gallon),  being  less  tihan  a  Unrd  of  that 
al)sorbed  by  the  crude  sewage. 

3.  Sample  of  the  effluent  from  the  fine  bacterid 
bed  (aerobic)  taken  at  1.20  p.m.  This  samiple  was 
slightly  turbid,  and  threw  down  only  some  slight  grey 
sediment  on  standing.  It  was  nearly  colourless,  and 
it  had  a  slight  earthy  smell.  The  amount  of  dissolved 
organic  matter  was  greater  than  in  previous  samples  of 
this  final  effluent  (the  ''oxygen  absorbed"  being  t^o 
grains  per  gallon,  and  the  albuminoid  ammonia  being 
two  parts  per  million  or  '14  grains  per  gallon),  and  was 
also  greater  than  would  be  considered  right  and  proper 
for  a  final  sewage  effluent.  As  the  sample  was  taken 
only  twenty  m'inutes  after  the  effluent  from  the  coarse 
bed,  it  does  not  repi'esent  what  changes  ha<l  been  effected 


on  that  effluent  in  the  fine  bed,  but  if  the  two  were 
really  comparable,  then  it  shows  that  a  very  great  pari- 
fication  had  been  eifected  by  its  passage  through  the 
fine  bed. 

Yours  obediently, 

(Signed)    K  L.  Jacob. 

Kote. — Duiing  this  month  the  coarse  berl  was  wtak- 
ing  as  a  Dibdin  or  Sutton  contact  bed.  No.  3  sample 
is  absolutely  comparable  with  No.  2. 

(Copy.) 

17,  Spencer  Park, 

Wandsworth  Onmmon, 

London,  S.W., 

July  19th,  1809. 

Dear  Sir,-^Your  samples  of  crude  sewage  and  of 
sewage  effluents  were  delivered  here  on  Tu^day  (yes- 
terday) morning,  which  happened  to  be  a  rather  Lncon. 
venient  time,  for  Dr.  Willlaanson  is  away  on  his  holiday, 
and  I  was  extremely  busy  yesterday  and  to-day.  I  have, 
however,  examined  them  as  far  as  the  short  time  at  my 
disposal  has  permitted  (for  you  want  to  receive  my  re- 
port to-morrow),  and  I  have  to  report  as  follows  :  — 

The  crude  sewage  contained  more  amononia  and  dis- 
solved organic  matter  than  the  sample  sent  me  on  May 
13th,  and  was,  in  fact,  a  rather  stronger  sample  of 
domestic  sewage  than  the  other. 

• 

The*  sample  of  effluent  from  the  anaerobic  bed  was 
much  more  turbid  and  threw  down  a  laiver  quantity  of 
suspended  matter  than  the  previous  sample  in  May,  and 
was  in  that  respect,  and  to  that  extent,  not  so  satis- 
factory as  before. 

The  sample  of  effluent  from  the  anaf^robic  bed  was  not 
quite  so  free  from  suspended  matter  as  was  the  previous 
sample  in  May,  but  it  must  nerertheless  be  ocHisidered 
to  be  quite  satisfactory,  5or  it  had  no  odour  on  its  arrival 
here,  and  has  not  since  developed  any,  and  it  did  not 
contain  more  organic  or  other  oxidisable  matter  than 
may  properly  be  allowed  in  a  sewage  effluent  on  its  way 
to  a  small  stream  not  used  by  man  for  drinking  nnr* 
poses. 

Some  of  the  analytical  data  are  set  out  below. 

Yours  faithfully, 

(^gned)    E.  L.  Jacob. 


Cnide  Sewage. 


;    Effluent  from  Anaerobic 
Bed. 


Effluent  from  Aerobie 
Bed. 


Appearance 


Odour 


Chlorine,  as  Chlori«le« 


Oxy 


j^en  re<|nirp<l   1<»  oxiiUse  orjpniii* 
matter.  Sec. 

Free  Ammonia 


Very  turbid,  with  copious  j  Turbid,  with  a  good  deal  .  On  standing,   threw  down 


black  Redinient. 

Very  strongly  of  sewage 
GA  gniiiis  j»pr  jjalloii  - 
2 '7  j^rains  per  pillon 

100  ])Arts  ])er  million 


of  l>lack  sediment. 

Of  sewage 

9  grains  per  gallon    - 

1  'Jttj  j^rains  jier  gallon 

80  jtarts  {ter  million  • 


a  percepoDle  dark  sedi- 
ment. On  agitation, 
rather  frothy. 

None. 

74  grains  i>er  gallon. 

'80  grains  per  gallon. 

40  parts  per  million. 


(Copy.) 

17,  Spencer  Park, 

Wandsworth  Common, 

London,  S.W., 

February  14th,  1900. 

To  the  Reijjate  Sewage  Farm  Committee. 

Gentlemen,— 'I  have  examined  some  samples  which 
your  surveyor  sent  me  from  your  sewage  farm  on 
February  9th,  with  the  following  results :  — 

A  sample  of  crude  sewage. — This  liquid  was  of  a  dark 
brown  colour,  and,  on  standing,  deposited  a  copious 
dark  sediment.  It  smelt  slightly  of  tan  water,  and  did 
not  develop  any  oifensive  odour ;  it  was  chiefly  the 
refuse  from  the  tanyard,  I  should  think. 

A  sample  from  the  coarse  filter  bed  on  to  which  the 
crude  sewage  is  delivered. — This  liquid  was  almost 
colourless,  had  no  smell,  and  was  onlj  slightly  turbid, 
depositing  a  slight  sediment  on  standing.    It  contained 


very  little  organic  matter,  and  was  quite  fit  to  dis- 
charge into  the  brook  adjoining  the  farm.  It  was 
taken  only  a  quarter  of  an  hour  after  the  sample  of  crude 
sewage,  but  your  surveyor  assures  me  that  it  repre- 
sents  quite  fairly  what  h«d  been  done  to  the  brown  crude 
sewage  by  passing  it  through  the  coarse  bed,  and,  if  that 
is  so,  the  result  is  very  satisfactory,  especially  in  the 
complete  decolorisation  of  the  liquid  which  had  been 
effected. 

A  sample  of  the  effluent  from  the  fine  grain  filter. — 
This  wsH  htill  better,  if  ])o8sible,  tlian  the  preceding 
.sample,  as  it  was  even  more  free  from  suspended  matter, 
and  contained  less  organic  nuatter,  than  the  other. 

Yours  obediently, 

(Signed)    E.  L.  Jacob. 

6078.  What  is  the  total  volume  of  your  sewage  9— 
1,250,000  gadkms  dry  weather  flow  per  24  hours. 

6979.  In  wet  weather  it  does  not  vary  rery  materislly, 
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as  iihe  anrface  water  is  tieftted  in  anotih^  woiy? — 9>i!>- 
5<>il  wttter  goto  into  tilie  ^efwera  in  w«>4t<  we«irth«r. 

6080.  WihiKt  bocanieB  of  joiir  suofftee  wsiter  which  goes 
dwwn  yotir  streeto  V—We  taJce  it  in  th<e  streoimB. 

6081.  Bo  jou  not  find  alter  diy  weather  tthe  fimt  wBflh- 
ing  of  tihe  roadft  is  very  fmil? — Inhere  is  no  doubb 
ahiyiit  it, 

6682.  And  it  oiig^  to  have  trealm^wi.  I>o««9  tlie 
rirer  aitUiority  allow  jou  to  let  siiioh  surface  waters  go 
into  the  sftipeann  without  trewbraemt  ? — Yee,  we  li-ave  hod 
no  obj«iitions  from  tsbcn  at  aH. 

6063.  (Chairman.)  The  detritoA  tanks  remains  now 
exactly  as  it  was  ^vheoi  it  was  tirst  iniAaJikd? — ^Precisely 
the  same.  It  has  nerer  be«n  f^eired  in  the  least.  Only 
I  should  say  that  ori^'nally  we  had  two  scoceens  there, 
and  we  found  them  to  be  unn«<?eesary,  so  we  took  them 
away.  That  acoounts  for  Qiose  groores  at  tllie  bottom 
of  the  ohamvber  wliich  you  noticed  tdiie  morning. 

6083*.  (Major-General  Carey.)  When  the detiriiUis  tank 
lA  emptied  it  is  nearly  full  of  sludge,  I  suppose? — ISo  ;  I 
should  say  it  is  about  half  fuIL 

6084.  Then  does  t2ie  action  remain  the  same?  The 
solid  matter,  is  it  interoepted  to  the  same  extent  as  it 
was  before,  when  it  was  atarted  ?— WeU,  of  couree,  it 
may  not  be,  beoause  when  there  is  no  Bodid  matter  at 
aM  m  tlie  tank  it  holds  two  and  a  half  houm'  flow,  and 
piobably  it  will  not  be  rested  to  tflio  same  extent,  thougii 
I  should  not  fmagine  there  is  very  nnich  difference. 

6085.  There  is  not  mudi  differesvoe  between  starting 
and  the  end  of  the  thTOe  monitdis  when  you  wesnt  in  ?— 
I  should  not  think  so,  because  we  do  not  find  the  capa- 
city of  the  first  bed  to  be  reduced  at  adl ;  it  does  noJb  injure 
the  first  bed.  For  that  reason  I  imagine  there  is  very 
little  diiference,  if  any.  May  I  be  adilowed  to  hand  in  a 
oo|*y  of  a  repoot  which  I  presemted  to  the  Town  Oounjcil 
just  recently,  dated  Septemiber? 

6086.  "What  i»  tlie  nature  of  the  report  ?— It  is  dealing 
with  convertijig  the  exi.sting  precipitation  works  to  this 
piinoiiple,  and  aikso  dealing  with  the  tnal  plant  from  its 
inception  in  1808,  and  detailing  the  reeuMs  from  that 
time  to  the  present  day. 

Engineer's  and  Surveyor's  Office, 

Town  Hall,  Kedhill,  Surrey, 

September,  1000. 

To  the  Chairman  and  Membero  of  the  Sewage  Farm 

Committee. 

Gentlemen, — ^I  beg  to  present  my  report  on  the  bac- 
teriological sewage  purification  trials  carried  out  at 
the  borough  sewage  works  and  my  recommendations 
based  on  such  trials,  as  to  work  required  to  be  exe- 
cuted to  put  the  existing  works  into  the  condition  you 
desire  them  to  be.  I  would  firet  of  all  recall  to  your 
mind  that  previous  to  the  construction  of  the  trial 
plant  you  examined  by  deputation  the  then  existing 
processes  of  bacteriological  sewage  purification,  and 
it  was  ultimately  decided  on  my  recommendation  to 
test  the  sprinkler  system  as  the  one  that  appeared  to 
promise  best.  The  trial  plant  was  put  down  at  the 
end  of  1806 ;  I  have  carefully  watched  its  working, 
and  the  process  has  been  most  thoroughly  and  ex< 
haustively  tested.  The  plant,  as  you  know,  consists 
of  a  preliminary  detritus  chamber  or  catch  pit,  hold- 
ing aoout  two  hours'  fiow  of  the  sewage  treated,  this 
catch  pit  having  a  scum  board,  but  no  screen.  The 
sewage  is  delivered  into  the  catch  pit  through  a  gauge 
board,  and  is  taken  from  the  main  sewer  previous  to 
any  chemical  treatment.  The  bacteria  beds  are  two 
in*  number,  and  so  placed  that  the  sewase  passes 
first  through  one  and  then  through  the  other.  The 
first  bed  is  21ft  square,  and  the  second  bed  is  24ft. 
diameter,  and  contains  a  layer  of  polarite. 

The  second  bed  has  always  been  used  as  a  sprinkler 
bed,  but  the  first  bed  was  so  constructed  that  we  could 
carry  out  a  series  of  tests  as  to  what  was  the  best 
**  first  treatment "  for  the  sewage  previous  to  its  final 
puritfication  through  the  sprinkler  bed.  Tiie  firs^t  bed 
was  originally  arranged  to  work  as  a  closed  "anaero- 
bic or  septic''  bed,  in  which  the  solids  should  be,  as 
far  as  possible,  disposed  of  by  liquefaction,  and  in  this 
way  the  bed  was  worked  for  about  nine  months.  Th« 
final  effluent — i.e,,  after  passing  through  the  secon- 
dary or  sprinkler  bed — was  always  entirely  satisfae- 
toiy,  and  the  working  of  the  anaerobic  or  septic  bed 
itsetf  was  satisfactoiy  except  on  the  one  point  to 
which  I  will  shortly  refer.  I  must  here  digress  some- 
what to  point  out  that  the  Beigate  sewage  is  one  of 


exceptional  strength  and  foulness,   and  contains,   as   Mr.  w.  H. 
you   know,    laige   quantities   of   tannery     refuse     and     ^'''**"W. 
also  of  brewery  refuse.  27X««.koq. 

The  great  strength  of  the  sewage  was  douhtlese  the  " 
cause  <d  the  objection  found  to  the  anaerobic  or  septic 
treatment,  vis.,  the  smell  from  the  half-treated  liquid. 
Had  the  sewage  been  a  weak  one  it  is  probable  that 
the  smell  would  have  been  practically  imperceptible, 
but  with  a  strong  sewage  such  as  the  one  we  have  to 
deal  with  septic  treatment  is,  I  am  convinced,  inad- 
missfble. 

It  was  therefore  decided  to  test  the  working  of  the 
''Dibdin  or  holding  up"  process  on  the  first  bed  to 
see  if  by  that  means  we  should  overcome  the  objection 
named.  I  accordingly  had  the  bed  altered  to  the  re- 
quirements of  the  Dibdin  method,  and  worked  in  that 
way  for  several  months.  The  results  were  disappoint- 
ing^ There  certainly  was  but  little  smell,  and  often 
there  was  no  smell,  but  the  purification  effected  was 
practically  nil,  especially  upon  the  tan  sewage, 
although  the  Dvbdin  bed  was  not  dealing  with  more 
than  a  Quarter  of  the  sewage  that  the  bed  had  pre- 
viously aealt  with.  The  Dibdin  method  also  involved 
frequent  manual  attention  which  was  not  before  re- 
quired, and,  moreover,  there  was  a  distinct  tendency 
of  the  bed  to  clog.  Neither  of  these  "  first  treatments'* 
having  proved  equal  to  your  requirements,  I  decided 
with  your  permission  to  test  the  first  bed  as  a  **  sprink- 
ler bed,"  which  was  accomplished  by  removing  some 
of  the  material  and  placing  a  sprinkler  on  the  bed, 
the  sprinkler  being  connected  with  the  supply  chan- 
nel from  the  catch  pit  by  means  of  an  automatic  feed. 
I  am  pleased  to  report  to  you  that  this  method  has 
proved  entirely  successful,  as  not  only  is  there  no 
smell,  but  the  effluent  is  better  than  by  either  of  the 
other  metiiods — ^indeed,  so  good  is  the  effluent  that 
Dr.  Jacob  (Medical  Officer  of  Health)  is  most  sur- 
prised at  its  purity.     His  report  is  herewith  given :  — 

17,  Spencer  Park, 

Wandsworth  Common, 

London,  S.W., 
February  14th,  1000. 
To  the  Reigate  Sewage  Farm  Committee. 

Gentlemen, — ^I  have  examined  some  samples  whichi 
your  surveyor  seilt  me  from  your  sewage  farm  on 
February  0th,  with  the  following  results:  — 

1.  A  sample  of  crude  sewage.  This  liquid  was  of  a 
dark  brown  colour,  and,  on  standing,  deposited  a 
copious  dark  sediment.     It  smelt  sligh*tly  of  tan  water, 

and   did  ^ot   develop   any*  off'ensive  odour.     It  was 
chiefly  the  refuse  from  the  tanyard,  I  should  think. 

2.  A  sample  of  the  coarse  filter  bed,  on  to  which 
the  crude  sewage  is  delivered.  This  liquid  was  almost 
colourless,  had  no  smell,  and  was  only  slightly  turbid, 
depositing  a  light  sediment  on  standing.  It  con- 
tained very  little  organic  matter,  and  was  quite  fit  is/o 
discharge  into  the  brook  adjoining  the  famv  It  waa 
taken  only  a  quarter  of  an  'hour  after  the  eample  oi 
crude  sewage,  but  your  survevor  assures  me  that  it 
represents  cpiite  fairly  what  had  been  done  to  the 
brown  crude  sewage  by  passing  it  through  the  coarse 
be<l,  and,  if  that  is  so,  the  result  is  very  satisfactory,, 
especially  in  the  complete  decolorisation  of  the  liquid 
which  had  been  effected. 

3.  A  sample  of  the  effluent  from  the  fine  grain  filter 
This  was  still  better,  if  possible,  than  the  precedinfr 
sampled,  as  it  was  even  more  free  fronu  suspemMl 
matter,  and  contained  less  organic  matter  than  the  other. 

Yours  obediently, 

(Signed)        E.  L.  Jacob. 

I  find  that  fish  will  live  in  the  effluent,  and  there 
have  been  fish  living  in  it  for  some  considerable  time 
past.  This  is  eminently  witisfactory,  as  it  sfhowa 
that  in  addition  to  being  chemically  pure,  the  effluent 
contains  large  quantities  of  disscilved  oxygen.  It 
mav  interest  you  to  have  an  opportunity  of  reading 
a  report  by  Drs.  Kenward  and  Butler,  of  University 
College,  London,  upon  this  point.  I  therefore  give 
it  below. 

Drs.  Kenward  and  Butler,  of  University  Collega^ 
London,  have  examined  the  effluents  from  the  Beigat# 
sprinkler  bed,  and  their  reifiort,  aj  foHows,  win,  tna 
writer  feels  sure,  be  read  with  the  greatest  interest  :  — 

*'The  object  of  our  series  of  experiments  was  to 
ascertain  whether  ttie  amount  of  dissolved  oxygen  U 
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Mr.  w.  fL  the  effluent  from  an  anaerobic  bed,  constantly  fed  by 
rreawtt.    ^^  revolving  sprinkler  devised  by  Mr.  Candy ]^  differed 
27:^fov,i90i.  materially  from  that  in  the  effluent  obtained  from  the 
same  bed  woa*ked  by  the  methods  commonly  in  use. 


''The  samplec^  were  all  collected  so  that  they  en- 
tirely filled  the  bottles,  and  they  were  analysed  on 
the  day  on  whic&  they  were  collected." 

"Those  effluents  from  the  anaerobio  bed  whi<fh  were 
examined  were  found  to  contain  no  dissolved  oxygen." 

/'Three  samples,  taken  on  different  days  from  the 
anaerobic  bed  constantly  fed  by  tho  anaerobic  effluent 
by  the  sprinklers,  were  found  to  poesess  dissolved 
oxygen  varying  from  4*5  to  7*5  millligrammes  of 
oxygen  per  litre." 

"  Wihen,  however,  the  discharge  from  the  outlet  pipe 
was  stopped,  and  the  anaerobic  bed  was  then  filled  by  tlie 
sprinkler  and  allowed  to  stand  full  for  two  hours, 
the  effluent  which  came  away  contadned  dissolved 
oxygen  amounting  to  only  about  one  milligramme 
per  litre — an  amount  almost  identical  to  that  found 
when  the  bed  was  filled  up  without  the  sprinkler." 

"The  value  of  the  method  adopted  for  treating  the 
bed  with  the  sprinkler  appears,  therefore,  to  be  as 
follows :  — ^In  its  fall  from  me  sprinkler  to  the  surface 
of  the  filter  bed  the  effluent  albsorbs  a  barely  appre- 
ciable amount  of  oxygen,  so  that  the  high  figure  of 
dissolved  oxygen  found  in  the  effluent  as  it  emerges 
from  the  bed  is  doubtless  due  to  the  manner  of  its 
distribution  in  its  passage  through  the  filter. 

"The  descending  effluent  arranged  in  spiral  films 
alternating  with  layers  of  air  constitute  an  arrange- 
ment admirably  adapted  to  ensure  thorough  aeration 
not  of  the  effluent  only,  but  of  the  filter  bed  itself. 

"It  is  doubtless  due  to  this  that  the  dissolved 
Oxygen  frequently  equals  that  found  in  samples  of 
good  drinking  water." 

I  have  now  satisfied  myself  that  with  the  sprinkler 
system  there  is  no  tendency  of  the  beds  to  become 
clogged,  as  is  the  case  with  the  Dibdin  beds — in  fact, 
the  sprinkler  beds  are  self-cleansing;  whatever  goes 
on  to  the  bed  comes  away  from  it,  and  this  must  be 
the  case  if  a  bed  is  to  have  anything  but  a  limited 
life,  as  any  permanent  retention  of  matter  in  a  bed 
will  infallibly  I'esult  sooner  or  later  in  the  choking 
of  the  bed.  Matter  cannot  be  destroyed,  its  charac- 
ter can  be  only  changed.  In  the  case  of  the  liquid 
from  the  sprinkler  bed,  the  complex  putrescible  com- 
pounds of  the  organic  matter  has  been  entirely  changed 
into  innocuous  and  more  simple  combinations.  Experience 
has  proved  that  a  little  eolid  matter  is  always  produced 
from  bacterial  beds,  and  it  is  of  the  utmost  importance 
that  this  "bumt-out  ash,"  as  it  is  teimed,  should  not 
be  retained  in  the  bed,  but  should  be  discharged  with 
the  effluent,  from  which  it  can  be  easily  removed  by 
settlement.  This  condition  the  sprinkler  beds  com- 
ply with.  The  surface  of  the  sprinkler  bed  has  not 
lequired  to  be  cleanised  or  dug  up  or  in  any  way  to 
have  manual  labour  expended  upon  it.  The  '^burnt- 
out  ash "  before  referred  to  constitutes  (together  with, 
of  course,  the  grit  and  such-like  mineral  and  insoluble 
matter  brought  down  by  the  sewers)  the  only  solid 
matter  there  will  be  from  the  treatment,  and  this 
can  be  easily  disposed  of  by  running  it  into  trenches 
in  the  land,  being  an  oxidised  product,  the  burnt-out 
ash  being,  of  course,  very  different  from  sewage 
sludge.  I  find  that  frost' has  no  detrimental  action  on 
the  working  of  the  beds. 

My  recommendation  to  your  committee  as  the  out- 
come of  these  critical  trials  are  that  you  should  adopt 
the  system  of  "double  anaerobic  sprinkler  l>af.t€Tiai 
beds,"  preceded  by  preliminary  treatment  of  the  sew- 
age in  a  suitable  catch  pit  or  detritus  tank.  I  wpuld 
suggest  that  the  existing  precipitation  tanks  be  uti- 
lised,  the  first  tank  to  be  arranged   as  a  catch  pit, 


dividing  it  into  two  parts  for  cleaning-  purposes^  the 
other  five  tanks  to  be  converted  into  coarse  filter  beds, 
litted  with  three  sprinklers,  each  79ft.  diameter,  the 
present  divisional  walls  being  reduced  about  1ft.  9in., 
to  allow  the  sprinklers  free  passage.  The  speed  of 
filtration  I  recommend  you  to  adopt  is  at  the  rate  of 
throe  square  yards  for  every  1,000  gallons  of  sewage 
per  24  Hours,  so  that  in  addition  to  the  area  obtained 
in  the  existing  tanks  four  additional  sprinkler  beds 
of  78ft.  diameter,  each  placed  in  line  with  the  present 
tank<t.  would  be  required,  together  with  one  similar  in 
addition  as  .-*  stand-by.  Thus  there  would  be  eight 
coarse  beds  of  79ft.  and  78ft.  diauieter.  The  dame  num- 
ber of  fir^  beds  would  be  required.  Thiese  would  be 
placed  below  the  coarse  beds  in  similar  manner  to  the 
trial  plant,  and  as  shown  on  larger  detailed  planv 
which  I  have  had  prepared  in  my  office.  The  an^a 
recommended  is  a  most  ample,  though  not  an  extra- 
vagant, one,  and  I  may  state  that  in  the  trials  the 
speed  of  filtration  has  been  considerably  greater  than 
the  speed  upon  which  I  aiA  calculating  for  the  whole 
scheme.  The  plans  will,  I  think,  together  with  what 
has  been  said,  explain  themselves  to  vou.  They  have 
been  prepared  to  deaf  with  a  flow  of  ijp  million  gallons 
of  sewage  per  24  houra.  As  regards  the  storm  waiter, 
part  of  it  will  be  dealt  with  on  the  proposed  works, 
part  will  go  on  the  land,  and  the  remainder  will  be 
able  to  go  direct  down  the  storm  overflow.  The  ad- 
vantages of  the  scheme  I  now  present  to  you  are  both 
numerous  and  important.  In  the  first  place  it  will 
enable  you  to  produce  an  effluent  such  as  will  at  all 
times  meet  witli  the  approval  of  the  Thames  Con- 
servators ;  secondly,  it  will  enable  you  to  get  rid  of 
tlie  odours  from  the  farm  which  have  been  the  cause 
of  so  many  complaints ;  thirdly,  it  will  overcome  the 
sludge  difficulty ;  fourthly,  it  will  be  more  economical 
as  well  as  infinitely  more  efficient.  I  estimate  that  by 
it  you  will  save  an  expenditure  connected  with  the 
present  tank  treatmient  alone  considerably  over  £1,200 
per  annum,  which  at  Sper  cent,  is  equivalent  to  a 
capital  outlay  of  £24,00(1  Then  tJiere  should  occur 
a  consideraible  saving  on  the  farm,  for,  as  it  will  be  re- 
quired for  use  as  a  purifying  agent,  better  crops  should 
be  grown,  and  much  better  returns  made.  The  puri- 
fied effluent  also  will  be  in  such  a  condition  as  to  be 
a  valuable  fertiliser  when  required. 

In  order  to  test  the  working  of  the  large  sprinklers 
recommended  I  would  suggest  that  two  large  beds, 
78ft.  diameter,  be  first  constructed  at  the  end  of  ihe. 
precipitation  tanks,  or  that  you  instruct  the  chairman 
and  myself  to  visit  Leeds  to  view  their  works  at  New- 
lay,  where  a  76ft.  sprinkler  is  in  operation. 

The  scheme  I  submit  to  you  is  a  most  economical  one. 
If  any  other  process  were  adopted,  such,  for  instance, 
as  tiie  I>ibdin  beds,  the  cost  without  automatic  ap- 
paratus alone  would  be  about  £6,000  more  HtLAn  the 
sprinkling  process.  I  have  no  hesitation  iu  afflrming 
that  the  "  sprinkling  process  "  is  the  only  satisfactory 
one  for  Beigate,  and  my  conclusions  are  based  on  the 
very  exhaustive  and  critical  trials  carried  out  on  your 
own  works  during  the  past  two  years. 

I  estimate  the  complete  cost  for  the  conversion  of 
the  whole  sjrstem  to  be  £13,0001 

I  am,  gentlemen. 

Your  obedient  servant, 

W.  H.  Pbbsoott, 

Borough  Surveyor. 

6087.  (Colonel  Harding,)  Do  you  estimate  therein 
what  would  be  the  likely  cost  of  carrying  out  on  the^ 
lines  of  this  recent  experiment  the  necessary  works 
for  your  whole  flow  ?— Yes,  £13,000.  That,  of  course, 
deals  with  three  times  the  normal  flow,  in  accordance 
with  recent  regulations  issued  by  the  Local  Grovem- 
ment  Board. 

6988.  And  at  what  rate  per  square  yard  do  yon  eal- 
culaite  ^— 333i  gallons. 


Mr. 
F.  Catuly. 


Pbamk  Candy,  Surveyor  and  Sanitary  Engineer  of  the  International    Purification  Syndicate,   of  109,   Victoria 

Street,  London,  called';  and  Examined. 

6089.  (Chairman.)  Would  you  kindly  state  now  what 
part  you  nave  taken  in  this  installation  ?— I  was  consulted 
by  Mr.  Prescott  witli  respeot  to  a  biological  system. 
nxtowing  me  as  the  inventor  and  producer  of  chemical 
precipitants  and  filtering  materials,  and  as  hevioff  laige 
experience  in  the  treatment  of  sewage  genenally,  he 
desired  me  on  the  part  of  the  CJounoil  to  put  down  a 
biological  system,  and  I  recommended  the  system  which 


you  saw  to-day.  The  first  part  of  the  treatment 
originally  anaerobic  because  it  occurred  to  me  tiiat  tliere 
mi^t  be  places  wnere  you  could  not  get  sufficient  fall 
to  deal  with  the  sewage  by  a  double  aeration  system. 
That  system,  as  you  have  be9.rd  irom  the  Boroush  En- 
gineer, gave  satisfactory  results,  but  the  Council  were 
afraid  tl^t  there  might  be  complaint  from  the  gases  given 
off  from  the  anaerobic  bed.     These  gases  could  have  been 
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dealt  wit^h  hj  combustioii,  but  it  was  deaired  then  to  make 
a  change  to  the  contact  system  as  it  is  kno?m  here — the 
Sutton  system. 

6990.  Under  your  advice  ? — No,  not  under  my  advice, 
although  I  was  rather  interested  to  see  what  would  be 
the  result.  About  a  foot  of  stone  above  the  tioug^ib 
was  taken  away,  as  well  as  the  clay  cover,  so  that  the  bed 
became  an  open  one  four  feet  nine  inches  deep.  The 
bed  was  then  worked  on  the  contact  system  without 
that  additional  foot,  as  at  present,  'being  removed, 
think  I  am  correct,  Mr.  I^escott. 

(3fr.  Frescott)  True. 

(Mr.  Candy.)  It  was  not  necessary  to  remove  that  foot 
until  we  employed  the  sprinkler,  when  we  wanted  a  f  ali, 
so  that  there  was  practically  the  sauie  depth  with  the  con- 
tact system  that  there  was  with  the  anaerobic  system.  I 
intend  giving  results ;  thev  are  tabulated  here— ^analytical 
results.  The  contact  bed,  alter  three  months'  W(»rki2)g, 
not  being  able  to  remove  the  brownish  tint  or  colour 
from  the  tannery  refuse,  notwithstanding  the  small 
volume  dealt  with,  Mr.  Prescott  said  he  would  like  to  see 
the  result  of  the  anaerobic  treatment  on  the  first  bed  by 
meana  of  a  sprinkler,  and  it  was  in  the  eai^y  part  of 
December  of  last  year  (1899)  that  the  sprinkler  was  put 
upon  the  first  bed,  and  it  has  been  working  continuously 
night  and  day  ever  since.  There  was  a  small  intermis- 
sion during  the  period  of  putting  down  the  sprinkler 
(probably  a  week) ;  the  sprinkler  was  on  the  ground 
ready  to  be  put  in  ;  there  was  simply  a  stone  placed  in  the 
centre  of  the  bed,  and  the  sprinkler  bolted  down  and 
connected  to  the  intermitter ;  from  ^he  changing  over 
from  the  contact  or  Sutton  system  to  the  coarse  aerobic 
sprinkler  system  there  may  have  been  a  week's  stoppage. 

6991.  Will*you  state  the  points  concerning  this  sprink- 
ler.: its  introduction,  and  what  you  think  to  oe  its  merits. 
I  imderstand  that  the  sprinkler  now  in  the  upper  cham- 
ber is  identical  in  principle  with  that  in  the  lower  cham- 
ber ? — It  is  identical  in  pnnciple,  but  tlie  constructiou  ia 
aligfhtly  different. 

6992.  Will  you  kindly  state  the  points  of  one  sprinkler 
And  the  other,  and  what  in  your  opinion  it  is  that  they 
effect  ? — ^I  am  of  opinion  that  both  sprinklers  are  equaHy 
effective,  only  in  the  top  one  on  the  first  or  coarse  bed, 
it  is  more  convenient  to  lay  the  feed  pipe  underneath, 
or  on  a  level  with  the  filtering  material  and  to  allow  the 
aewage  to  rise  and  deliver  tlirough  a  beH-shaped  mouth 
into  the  basin,  but  the  results  are  identically  the  same. 
Now  in  the  lower  sprinkler,  on  the  second  or  fine  bed, 
the  sewage  or  the  partly  treated  sewage  is  delivered  bv 
a  trough.  That  necessitates  an  arrangement  of  a  shaft 
through  the  centre  of  the  basin.  It  is  not  quite  so  con- 
venient for  construction,  but  in  other  respects  the  princi- 
ple is  identically, the  same. 

6993.  Will  you  kindly  tetate  briefly  the  principle  of  the 
sprinkler,  and  what  may  be  claimed  as  the  effect  it  pro- 
duces ? — I  will  be  as  brief  as  I  can.  Sir  Michael.  I  have 
been  connected  with  sewage  treatment  for  something 
like  20  years  paiiially,  but  for  16  vears  entirely,  and  I 
found  there  was  a  difficulty  of  distri  outing  the  water  over 
the  filter  bed  equally.  I  tried  to  make  channela,  and 
also  formed  the  filter-bed  surfaces  slightly  irregular 
or  sloqping  with  a  vdew  to  get  the  water  over  it,  for 
otherwdee  the  wiaitar,  we  found,  wouHd  scour  the  filter- 
bed  surfaces  into  gioovea  and  channels.  That  has 
been  a  difficulty.  I  also  tried  an  intermittent  system 
of  flwthing  by  automatic  ayphons  on  to  the  beds. 
Finally,  I  may  say  my  son,  wit^  a  view  to  obtaining 
even  distriibuAion,  inveiited  this  system  of  automatic 
spidnkler  working  at  a  very  low  head.  He  carried 
out  a  long  series  of  experiments  in  Cheshire,  and 
the  lesulta  were  brought  to  my  notice,  and  acting 
independently  of  him,  and  representing  as  I  did, 
the  International  Syndicate,  I  adopted  it  as  it  proved  to 
be.  the  very  best  method  of  distributing  water  or  sewage 
upon  a  filter  bed.  And  I  should  say  at  once  that  by 
getting  the  re-action  of  the  sewage  issuing  from  the  pipe 
tiufficiently  powerfully  to  cause  that  pipe  to  revolve,  we 
have  accomplished  and  solved  the  difficulty  of  distributing 
water  equally  over  filter  beds,  no  matter  w'hether  it  be  for 
water  or  for  sewage,  and  with  its  application  I  have 
every  cause  to  be  thoroughly  satisfied.  The  first  sprinkler 
on  a  large  scale  was  this  one  put  down  on  the  lower  or 
fine  bed ;  it  has  never  been  touched ;  it  has  never  been 
removed ;  it  costs  a  little  for  oil,  but  it  is  infiniteeimal 
•M  you  can  imagine  for  oiling  the  ball-bearings.  It  works 
night  and  day  without  any  difficulty,  so  that  we  consider 
that  we  have  by  means  of  adoptin^^  this  sprinkler  (which 
is  open  to  any  company  or  indi%idual  to  purchase)  got 
over  the  difficulty  of  distributing  the  water,  and  as  you 
know,  sir,  without  distributing  equally  you  cannot  expect 
the  bed 'to  Wv)rk  equally.     We    have  "attempted  it  by 


numerous  channels  and  by  flushing  audi  tipping  them,        utg 
and  we  have  got  very  pood  resutta,  but  not  equal  to  those  ^-Candu^ 
obtained  by  the  sprinkler,  and  I  consider  it  a  great  fd-  avxbv.  190ul 
vance  upon  anythmg  done  up  to  the  present  day  in  the      ..  1.  . 
way  of  distribution. 

6994.  The  revolution  of  the  sprinkler  is  effected  by  a 
amall  head  of  water? — The  revolution  is  caused  by  the 
re-action  of  the  water  issuing  from  the  holes  in  the  pipe, 
and|  we  find  we  can  reduce  that  head  to  even  tliree  or 
four  inches.  As  long  as  we  keep  tiie  mouth  of  the  dia- 
tributii^  pipe  submerged,  we  get  tlie  reaction,  and  suffi- 
cient power. 

6995.  And  by  what  means  is  the  uniformity  of  the 
distribution  secured  ?— Bv  different  distances  oSf  perfor- 
ation along  the  pipes,  and  also  by  the  size  of  the  perfooir. 
tions.  Those  vary  according  to  the  length  of  t^e  P^e> 
They  might  commence  with  one-eighth  of  an  inch  dia^. 
meter  and  extend  up  to  three-quarters  of  an  indi.  The 
number  and  size  of  the  holes  are  worked  out  mechanically, 
in  accordance  with  the  numiber  of  ^gallons  we  want  to 
distribute  per  square  yard  based  on  the  maximum  quan- 
tity required  upon  any  given  yard,  and  wihefcher  that 
yard  is  close  to  the  centre  or  at  the  extremity  of  the 
pipe  the  distribution  per  square  yard  is  equal. 

6996.  And  the  clogging  of  the  holes  is  prevented  by 
what  means  ?— Upon  and  in  the  basin  of  tne  coarse  bed 
there  is  a  screen  which  will  prevent  any  filamentous  or 
large  flocculent  matter  from  getting  into  the  holes.  The 
holes  will  become  somewhat  interrupted  and  it  is  nece&* 
saiy  that  there  should  be  an  attendant  to  look  after  it, 
probably  once  a  day  it  wili  take  'him  five  minuteal  toi 
run  up  a  brush  on  the  outside.  The  clogging  matter  is 
easily  diaturbed  because  you  have  the  pressure  from  tho 
inaide,  which  will  drive  out  any  material. 

6997.  How  often  do  you  find  it  necessary  to  clvan  out 
the  tubes  inside? — 

(Mr.  Prescott.)  I  should  say  about  <Hice  a  week. 

(Mr.  Candy.)  There  is  a  brush. 

(Mr.  Prescott)  There  is  a  brush  and  there  is  an  open- 
ing made  in  the  wall  by  which  means  this  brush  can  be 
piMhed  through,  and  I  am  told  this  ia  done  about  once 
a  week  on  the  coaree  bed.  Of  course,  in  the  finer  bed 
it  is  much  less. 

(Mr.  Candyi)  lliere  is  no  ^practical  dflffi<|uilty,  and 
during  t3ie  20  degrees  of  frost  last  year  we  had 
no  ^ppage  in  the  flow  of  the  sewage  liirvMigh 
the  bedsr.  We  took  the  temperatures  during  t}ie 
severe  froats  at  the  rnout^  of  the  sewer  hy  the 
screening  chamber  where  it  was  48  degrees ;  running 
down  tAie  open  carrier  to  the  detritus  chamber  it  was 
47  degrees ;  passing  through  the  detritus  chamber  on  to 
the  first  bed  I  think  it  was  46  degrees  or  45  degrees,  andit 
iisisiieid  finally  'at  43  degreee  from  the  fine  bed.  With 
reference  to  the  material  in  the  second  filter  bed,  thftt 
is  the  oxidising  bed,  wo  attach  verv  much  importance 
to  the  substance  which,  is  called  polarite.  I  ivnll  shout 
you  what  iii  is. 

6998.  May  I  ask  wiiy  you  attadi  importance  to  that ;' 
what  is  the  experience  vdiich.  haa  led  you  to  attach  im- 
portance to  that? — You  obtain  a  fine  porous  body,  a 
body  of  microscopical  powers,  not  cellular  like  a  piece 
of  ooke.  Tha)t  is  a  large  lump  (handing  an  a  piece  of 
polarite) ;  if  you  have  a  little  water  I  will  show  yoa  the 
effect. 

6999.  But  is  the  importance  you  attach  to  this  mateiild 
derived  on  theoretical  grounds  or  from  espeiiienoe^-^Frbm 
long  experience.  It  was  an  imf^rovement  upon  Spencer's 
carbide.  Spencer  introduced  his  magnetic  poroua  oxide 
of  iron,  but  he  prodticed  it  by  introducing  foreign  matver 
and  by  a  double  process.  We  produce  polarite  by  a, 
single  process,  and  we  claim  that  iiiere  are  no  impurities 
in  polarite. 

7000.  You  say  that?— Well,  I  am  the  inventor;  this 
is  my  patent  (producing  the  specification),  hvSt  I  work  it 
with*  aome  fnends,  and'  we  formed  oursellves  into  a 
company — ^not  a  public  company,  it  was  a  private  limited 
undertaking. 

7001.  It  is  your  material,  this;  polarite? — ^Yea.  Pre- 
vious to  this  I  had  been  searching  for  a  material  contain- 
ing impalpable  pores,  and  I  found  in  the  Bovey  Tracey 
clay  basin  of  South  Devon  an  amorphous  deposit  which 
contains  very  fine  silica  so  finely  divided  that  it  was 
scarcely  perceptible,  and  we  comd,  by  driving  off  the 
volatile  matters  get  a  very  porous  material  w^h  which 
we  could  obtain  marvellous  results.  The  difficulty^  how- 
ever, was  it  broke  down ;  it  was  so  friable.  Then  I 
saw  that  another  mineral  containing  carbonate  of  iron 
would  not  break  doM'n,  and  by  driving  off  the  carbonic 


376 


ROYAI.   COAIMISSION    ON    SEWAGE    DISPOSAL: 


snruv.igoo. 


ffy.  acid  we  got  this  microscopic  poroflitj.  It  is  porous  iii 
F.  Cnidy.  all  directions,  entirely  different  'to  a  piece  of  coke  or 
cmder,  in  whicfh  70U  get  the  cell^  or  walls  of  vitreous 
matter,  whilst  in  polarite  tlie  walls  are  porous,  and  the 
result  is  wherever  this  material  is  used — used  according 
to  our  instruotions — we  get  the  increased  advantage. 

7002.  May  I  aek,  ht^re  you  experience  of  a  fiiliber  bed 
Mke  that,  for  iiwtance,  that  we  saw  to-day  constructed  in 
the  aibeence  <^  pohnte  with  other  material? — SxA,  on 
the  fine  bed. 

7003.  Tour  experience  is  Umited  to  fine  beds  in  \diich 
poiarite  has  been  a  oonrtituent  ?-^With  bacteria  beds 
tbat  is  80. 

7004.  Therefore* your  experience  is  not  based  on  a  com- 
pofiiflOQ  betiweesi  a  filiter  bed  containing  poSasiite  and  a 
filter  bed  not  containing  polarite  ?-Iit  ia  based  on  16reara' 
praotioal  woriting  in  re^^iid  to  fi-lifaratioii  geDerallj,  and  on 
nameiaasi  resuilts  obtained  in  different  parts  of  tdie  coun- 
try, ev«n  in  places  wiiere  Hand  filters  and  coke  fikers 
ami  filters  of  (Vther  maiterial  havd  been  tried. 

7006.  Filters  on  a  ainaU  scale? — Y^e,  and  some  on  a 
fairly  laiige  aoale.  We  oouM  get  notiiing  like  tiie  results 
that  were  oibtaiaied  witluntt  polaituce  tliat  were  obtained 
wliere  potante  was  used.  We  have  a  long  series  of 
reeulfas  beaidng  upon  tliat,  sir,  and  here  is  one  lowing 
a  sand  filter  and  also  a  polanfte  working  side  by  side. 
i  can  hand  Ifliis  in  to  you ;  it  will  dk>,  pediajje,  equally 
w«a  to  iHuatiwte  my  meaning.  It  is  a  case  in  point  of 
a  sand  filter  and  a  podarite  fi'ker  woriced  side  by  side. 

Comparative  teat  of  a  sand  filter  and  polarity  fitter  mode 
iby  Mr.  J.  Omnb&r  Boll,  A.R.S.M.,  F.I.C.,  Ooont^ 
Analyst  for  Cheshire,  etc,  etc. 

Mr.  Carter  BetU  made  tihe  foflowing  pnictical  test  vipon 
Ihe  pottuted  wwter  of  the  River  Irwell^  to  compare  sand 
fiitraition  with  poikoifte  fiJrtiation: —  * 

In  a  filter  he  pkiced  a  quantity  of  tlie  best  Lowestoft 
sand  cafrefUlly  packed,  and  in  another  filter  of  Uie  sain« 
dimensiona  he  placed  a  layer  of  six  inches  of  poluite  in 
lieu  of  th>e  sand. 

The  water  fiiktered  througli  the  Loiwestofit  sand  wm 
found  to  contain  *36  parts  of  free  ammonia  and  '18  jMuta 
of  albuminoid  ammonia  per  100,000  parts,  whereas  the 
water  passed  throug^h  the  filiter  containing  polarite  had 
only  "IB  parts  of  free  amnicnia  and  '07  parts  of  alhtt- 
menoid  ammonia  pe^r  100,000.  This  was  an  improve- 
ment of  nearly  50  per  cent,  in  free  ammonia,  and  moro 
than  60  per  cent,  in  albuminoid  ammonia,  over  the  sand 
filtered  watar. 

The  unfiitered  Ir,vell  wat«r,  wluich  is  little  better  than 
aewage  alter  nrecipitatdon,  oootained  *46  free  ammonia, 
and  "dS  of  alouminoid  ammonia,  per  100,000  parts. 

ISie  ph(fBioBi  differenoe  between  the  sand  and  podarito 
filtered  watere  was  vexy  striking.  The  sand  Altered 
w»tor  was  yellow,  though  dear,  and  foamed  greatly  on 
dnfcing ;  the  poiaiite  filtered  water  gave  absolutely  no 
foam  whatever  on  shaHoing,  and  was  pesfectly  bright, 
cfleac,  oobuitless,  and  sparkjdug.  Iii  fact,  it  was  per- 
oepfailbly  better  in  appearance  than  man^  driniking  watersb 
Both  filters  were  worked  for  the  same  length  of  time 
befk>re  sBait>les  were  taken  for  analysaa,  and  under  simi- 
lar ooodditionB ;  the  polarite  filter,  however,  was  running 
about  25  per  cent,  fastw  tlian  tAie  sand  filter. 

7006.  (Colonel  Harding.)  PohiTite  you  have  only  used 
in  the  fine  filter  here?— That  is  so. 

7007.  There  ie  no  polarite  in  the  coarse  ?-^That  is  so. 

7008.  What  amount  of  purification  do  30U  obtain  in 
the  coarse  filter  as  meas^ed  by  the  albuminoid  am- 
monia?— ^We  hove  obtained  by  means  of  tlie  sprinkHer 
•a  muoh  aa  80  per  cent. 

7000.  In  the  ooarae  filter  ?— In  tiie  ooaiee  filter.   ' 

7010.  Without  polarute  ?— Wiith  poibrite  we  always 
find  the  ocganic  matter  in  sohition  in  aewage  is  more 
easily  broken  down.  It  is  when  you  get  an  emuent  from 
the  first  bed  stutobom  that  you  have  diflicuky  in  brealk- 
inc  it  down  tJirougli  a  second  bed  without  such  a  power- 
ful oxidiser  as  polarite. 

7011.  Still  we  have  the  fact  you  have  given  us  that 
you  have  found  witliout  polarite  in  the  first  bed  you  are 
able  to  obtain  a  very  lai-go  inirification  ?— Undoubtedly. 

7012.  And  do  you  seriously  suggest  that  in  that  fine 
bed  the  purification  is  largely  effected  by  the  use  of 
polarite  ?—l^>at  is  my  experience. 

7013.  But  the  amount  of  polarite  used  in  the  fine  bed 
wnnl^l  only  represent  a  layer  of  alwut  Sins.  ?— Of  about 
3in8.,  but  wo  have  had  a  layer  of  an  eighth  of  an  inch 


of  polarite  in  a  fine  state  of  division.  Mid  we  have  had 
97  per  cent,  of  purification. 

7014.  It  remains  to  be  tried  what  comparative  results 
would  be  obt>ained  with  and  without  polarite  in  the 
fine  filter  7 — l^at  is  so ;  yes. 

7016.  But  you  suggest  from  your  experience  that 
polarite  is  useful  7--Undoubtedly,  because  you  can  get 
a  better  result  with  it  from  a  shallow  filter  than  wkiout 
it  from  a  deep  filter.  I  will  take  for  instance  the  tiltei 
I  spoke  of  at  Bodley,  there  the  filter  bed  is  about  12ft. 
Now  I  suggest  that  if  we  made  a  filter  3ft.  6ins.  deep, 
and  used  a  layer  of  polarite,  we  would  get  a  better  result 
than  you  would  get  with  a  filter  12ft.  deep,  and  a  higlier 
speed  of  filtration — a  more  rapid  degree  of  filtration— 
for  instead  of  filtering  say  20O  galloua  we  would  pro- 
bably filter  600  gallons  per  square  yard,  and  get  equal 
or  better  results. 

7016.  Well,  retuminff  to  the  sprinkler,  what  is  the 
head  which  you  find  to  oe  practically  necessary  to  work 
the  sprinkler?— Only  sufficient  to  cover  the  mouth  of 
the  sprinkler  pipes.  If  you  had  the  pipe  Sins,  in 
diameter  I  should  like  to  see  the  mouths  of  the  pipes 
well  submerged. 

7017.  It  is  praotical  to  work  with  12in.  heads?— Un- 
doubtedly we  could  never  want  more  unless  your  delivery 
pipes  were  more  Uian  ISins. 

7018.  Then  it  would  be  practical  to  work  the  sprinkler 
continually  at  the  same  rate  with  that  head  ? — ^Yes.  If 
you  could  get  that  head. 

7019.  At  a  reduced  flow?--If  the  fiow  waa  not  sufli- 
cient  to  fill  the  diflbributi'ng  pipes  you  could  hold  it 
up  till  you  had  sufficient  flow. 

7020.  And  if  you  had  the  holes  in  the  -sprinkler  re- 
duced working  oontinuously  it  would  give  the  same  flow 
per  diem.  Would  the  same  'head  be  sufficient  to  work 
it ;  I  should  think  prohablv  not  ? — No,  I  think  you  m&y 
bring  down  the  limit  too  low.  Suppose  you  had  only 
two  holes  in  each  pipe  each  hole  one-eighth  of  an  inch 
in  diameter,  and  you  had  a  flow  of  one  gidlon  per  minute 
that  would  not  for  a  large  sprinkler  l^  sufficient  to  get 
over  the  friction. 

7021.  Do  ycu  sugsest  that  the  intermatteoce  has, 
among  others,  this  advantage  that  you  may  wcA  with 
a  smaller  head? — ^Tes,  where  tJie  flow  is  limited. 

7022.  Then  what  other  advantages  do  you  olium  for 
the  intermittence  ? — That  we  avoid  the  growth  upon  the 
surface  of  the  bed,  and  that  growth  leads  eventually  to 
clogging ;  all  these  short  intervals  of  rest,  say  three 
minutes  out  of  every  four  minutes  are  most  beneficial. 

7023.  The  upper  part  of  the  bed  aerates  f  i-equently  ?— 
More  quickly,  and  we  do  not  get  that  growth  we  get  a 
free  current  of  air  constantly  passing  down. 

7024.  But  we  noticed  to-day  no  appreciable  inter- 
mittence  or  variation  in  the  flow  from  the  first  bed? — 
Yes. 

7026.  And  therefore  the  flow  becomes  equalised  as  it 
passes  through  the  bed,  and  the  initeimittence  probabU 
does  not  act  very  far  down  from  the  surface  h— I  nave 
found  that  in  an  ordinary  sand  filter ;  immediately  we 
place  a  column  of  water  upon  the  surface.  If  that 
filter  had  been  used  within,  say  twenty-^four  hours,  water 
commenced  to  be  forced  out  from  the  botitom  long  before 
the  water  placed  on  the  surface  could  have  rea(3ied  the 
bo^/tom.  This  is  due  to  water  being  sqUeeied  out  of 
the  lower  layers  by  the  coonpression  of  the  air,  m>  that 
I  contend,  sir,  it  is  not  due  to  the  fact  that  the  1>op  water 
must  come  into  contact  with  that  already  in  tiie  filter, 
but  tiuvt  it  is  pressed  down  and  out  of  the  filter  by  the 
air.  The  adr  pressinc  the  water  diives  out  at  the  bottom. 
All  the  spaces  are  nree  and  open  spaces,  and  between 
the  material,  and  tlius  it  is  evident  that  the  oontinoous 
outflow  from  the  filter  is  due  to  atmospheric  pressure. 

7026.  In  your  second  bed  you  have  fine  material. 
Have  you  considered  the  advantage,  if  any,  tbat  might 
arise  from  the  use  of  coarse  materdal  in  the  second  bed 
instead  of  fine? — ^Well,  I  have  considered  t^at,  and  am 
of  opinion  that  three-quarters  of  an  inch  material  for 
the  top  of  the  finer  or  second  bed  is  quite  large  enough, 
sir ;  that  even  fairly  large  suspended  uiiattcr  can  freely 
pass  through  and  become  oxidised. 

7027.  You  find  tliot  the  suspended  matter  if  finely 
diWded  does  pass  through  it  ? — Does  frooly  pass  through. 

7028.  And  reaches  the  bottom  of  it  in  the  condition 
of  humus  ? — l%at  is  so,  sir. 

7029.  Kindly  put  in,  will  you,  a  typical  analysis  show- 
ing average  results  over  a  considerable  period  ?— Yes, 

7030.  So  as  to  enable  us  to  compare  crude  sewage  with 
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Uie  effluent  from  <bhe  first  and  the  filtrate  from  the 
•econd? — ^Yes,  dnring  the  time  the  ooirae  bed  was 
worked  anaerdbicallj,  and  then  during  the  time  it  was 
worked  with  tiie  Sutton  system,  and  during  the  time  it 
has  been  woi^ed— the  last  twelre  monme  wilih  the 
double  aerobic. 

7031.  If  jou  will  be  good  enough  ta  do  so  I  think  that 
will  give  us  the  infomiation  we  want? 

7032.  {Major-^nerdl  Carey,)  And  an  analysis  of  the 
effluents  from>  the  d^tntos  tank  before  it  passes  on 
to  the  first  filter?— Yea,  I  will  ad4  that  sir. 

7033.  Have  you  made  any  expoidmenis  with  sewage 
mixed  in  large  volume  with  trade  refuse  by  this  pro- 
cess ? — Yes,  we  did  experimenbally  at  Milton  Mowbray, 
where  there  are  large  dye  works  and  wool  scourers'  works, 
and  that  led  us  to  full  confidence  in  recommending  it 
aA  the  best  method  of  dealing  with  miuiufacturerB'  refuse, 
and  whten  Mr.  Prescott  informed  me  that  duey  were  in  a 
difficulty  with  this  (tannery  refuse  I  strongly  recom- 
mended him  to  adopt  this  system  for  <that  reason^  sir. 

HEDHELL  OiLPAClTIES. 

Bacterial  Oxidation  Polarite  System,  with  Candy  Auto- 
mat:c  Bevolving  Sprinklers  and  Intermitters. 

There  are  two  detritus  chambers  fitted  with  deep  scum 
lK>ards,  eaoh  Of  x  ^   x  ^    3^  aTerage  <^pth  ;    these 
with  the  channel  from  gauge  weir  to  intermitter  outlet 
hare  a  capacity  of  1,474  gallons. 

The  flow  over  the  gsnge  sill  to  detritus  diambers  is 
10*55  gallons,  per  minute. 


Each  chamber  holds  nearly  70  minutes'  flow,  and  the       Mr.    . 
two  together  nearly  2  hours  20  mmutes  flow  for  contact  ^'  Candy. 
or  inooulatioia  and  sedhnentation  ;  this  has  been  found  sTNor.igoo. 
ample.  

The  oiroular  coarse  sprinkler  bacterial  bad  is  21ft. 
diameter,  giving  a  workixiff  area  of  38  yards  ;  this  bed  is 
V  9^  deep,  and  contains  the  following  layers  of  broken 
bricks  and  olcnken,  yiz.,  1'9^  of  3^  to  1^«,  Vt^  of 
W  to  j^,  and  between  rows  of  land  drain  pipes  6"  of 
clmker  3^  to  1^^.  This  bed  is.  worked  at  the  rate  of  400 
gallons  per  square  yard  throughout  the  24  hours. 

The  Circular  Polarite  Fine  Sprinkler  Bacterial  Oxi- 
dation Bed  IB  24  feet  diameter,  giving  a  woildng  area  ol 
50  square  ^*ards.  I^is  bed  is  3'  S>*  deep,  and  contains 
the  following  layers  of  broken  bricks  and  clinkers  and 
poiarite,  viz.,  9^  layer  of  a  size  if  to  i^,  9^  of  size  ^  to 
3-16^,  1'  6^  of  a  (^ize  ^^^  to  3-16^,  which  includes  the  3-infili 
layer  of  polarite  6  inches  of  a  size  1^  to  ^^  resting  upon 
tlfes  brick  channels.  This  bed  works  9it  die  rate  of  304 
gallons  per  square  yard  throughout  the  24  hours. 

The  reason  the  fine  sprinkler  bed  woiks  at  this  rate, 
i.e.,  304  gallons  per  s(|uare  yard  per  24  hours  is  due  to 
the  first  or  coarse  eromkler  bed  naring  a  less  working 
area  than  the  secona  bed,  -the  borough  engineer  haviniE 
limited  the  speed  of  the  first  or  coarse  bed  to  400 
gallon^  per  square  yard ;  these  speeds  could  be  con- 
sidersbly  inor^used,  and  still  give  a  result  ilrell  wttbiik 
the  Oonserrancy  standard. 

The  filtration  through  a  Polarite  Sprinkler  Oxidising 
Bacterial  Bed  may  safely  be  taken  at  500  gallonn  per 
square  yard  per  &4  hours,  or  2jr  million  gallona  per 
acre. 
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TWENTY-EIGHTH    DAY. 


Tuesday  J  5th  March^  1901. 


peesent: 

The  Right  Hon.  The  Earl  ofIddesleioh  (Chairman)  p9*esiding,     , 

Mr.  W.  H.  Power,  f.r.8.  i  Colonel  Harding. 

Mcgor-Gen,  Constantine  Phipps  Carey,  r.e.      I  Mr.  T.  W.  Kiluck. 

Professor  William  Rambay,  f.r.s.  |  Dr.  J.  Burn  Russell. 

Mr.  F.  J.  Willis,  Secretary. 

PRESENT  ALSO  : 

Dr.  G.  McGowAN.  |  Mn  Colin  G.  Frye. 

Professor  Botoe. 


Colonel  Harding  ;  Examined. 


Col.  7064.  {Chairman.)  Oolonel     Hiardiiig,     you     are,     I 

Harduij,    understand,  «n  aldcfrman  of  Leede  and  the  cbairiDaii  of 
6  3iar.  1001,  the  Sewerage  OomoDdttee  of  that  city  ?— I  am. 

"  7035.  And  in  that  capacity  you  have  had  the  charge 

of  tiie  Seiwage  Disposal  Wbrks  of  Enoetrop?— I  have. 

7036.  What  is  the  popnJaitioin  of  LeedsT— About 
480,00a 

70S7.  Hiaye  you  the  ooimbined  or  sepaznte  system  of 
sewerage  ^— The  oomibined,  that  is  the  etieet  and  roof 
waters  go  to  the  sewers  and  storm  overflows  are  provided 
which  carry  direct  to  ttte  river  what  the  main  outfall 
eewer  cannot  take. 

7038.  What  is  the  vol<ume  of  your  dry  weather  flow  of 
sewage  ? — A«bout  16  nullion  galkme. 

7030.  What  ^yetem  of  sewage  dieposaJ  have  you  as 
ELnostrop? — After  trying  various  systems  of  precipita- 
tion,  Qonong  them  that  known  as  the  A,B,C,  the  Cor- 
]X>i«tion  of  Leeds  in  1874  adopted  lime  precipitation, 
and  this  has  been  use4  ever  since  without  material 
alteration  cf  the  works  then  proipdded,  except  that  in 
1806  additional  tanks  were  made  to  increase  die  area  of 
settlement. 

7040.  By  that  system  you  probably  produce  a  kurge 
amount  of  eludge  ^--Yes.  About  300  tons  a  day.  Wlien 
the  additional  tanks  were  brought  into  use  the  quantity 
rose  to  400  tons,  and  it  was  found  impracticable  on  the 
present  site  to  deal  with  so  large  a  quantity.  Part  of 
the  tanks  have,  therefore,  been  used  for  experimental 
purposes. 

7041.  Have  you  found  this  sluice  to  have  any  market 
value  ?-— At  first,  a  small  pnce  was  obtained  for  it,  but 
that  did  not  laab  long.  For  years  past  we  have  been 
veiy  glad  to  let  the  farmers  have  it  for  nothing.  They, 
liowever,  fetch  it  very  irregularly,  and  only  if  the  carts 
are  loaded  for  them.  A  suggestion  has  recently  been 
made  to  use  it  in  conjunction  with  coal  dust  and  oil 
for  the  manufactare  of  briquettes  for  fuel.  Experi- 
ments are  being  made.  Practically  sewage  sludge  is 
xalueless,  and  very  costly  to  handle  l^  drying  or  press- 
ing. 

7042.  Now,  what  purification  do  you  obtain  by  your 
eystem  of  chemical  precipitation  ? — ^About  50  per  cent. 

7043.  This  is  mainly  by  the  settlement  of  suspendad 
solids? — Yes.  If  the  Ijeeds  sewage  is  filtered  through 
filter  paper,  and  the  suepended  soUids  wtiolly  with- 
drawn, there  is  a  purification  by  such  withdrawal  of  50 
per  cent.  With  the  settlement  area  which  dt  w  pes- 
sible  to  use  at  Leeds  only  about  80  per  cent,  of  the 
suspended  solids  are  removed,  therefore  the  purification 
of  50  per  cent,  obtained  by  cur  lime  precipi&tion  is  in 
part  due  to  the  action  of  the  lime  on  dissolved  im. 
purities.  It  may  be  useful  to  add  that  a  considerable 
aniount  of  ferrous  sulphate  comes  down  as  a*  trade 
•efiiuent  in  Leeds  sewage,  and  probably  assists  the  pro- 
resR  of  settlement. 

7044.  Do  you  consider  a  systeia  of  chemical  precipi- 
tation to  be  by  itself  sufiicient  for  the  purification  of 
•sewage? — No.  It  must  be  considered  only  as  a  first 
process  to  be  followed  by  natural  or  artificial  filtrati.-kn. 


7045.  We  know  that  you  have  for  several  years  carried 
on  a  aeries  of  expenments  in  \  sewage  treatment  at 
Knoatrop.  What  led  the  Corporation  of  Leeds  ti> 
initiate  these  ?— The  pressure  of  tihe  West  Biding  Rivers 
Boaid,  of  which  I  myself  wits  a  member.  In  November, 
1887,  the  Corporation  asked  me  tp  take  the  direction  of 
the  Knostrop  works  and  to  in<v^stigate  tho  new  sug- 
gestions about  biological ,  treatmemt  of  eewvge.  The 
site  at  Knostrop  ia  only  25  acres.  The  neighbouring 
landowner  objected  very  strongly  to  the  presence  there 
of  these  .works,  and  to  allowing  tile  purchase  of  land  for 
their  extension.  It  was  felt  titaii}  to  deal  by  broad  irri- 
gation  with  the  rapidly  crowing  vjolume  of  Leeds  sewage 
would  require  probably  4,000  acr^,  while  to  adopt  land 
filtration  after  precipitation  might  atill  require  from 
500  to  1,500  acres  of  umd,  acooraing  to  its  quality.  At 
that  time  no  suitable  site  of  anyjtlung  like  these  areas 
was  available,  even  at  a  dozen  ibiles  from  Leeds,  and 
no  doubt  the  idea  in  1897  was  th4t  probably  the  experi* 
ments  in  artificial  'filtration  wouJd  lead  to  some  method 
of  treatment  whicpi  would  very  greatly  reduce  the  ra« 
quired  area,  and  so  make  the  solution  of  the  difficulty 
easier.  The  Oorporation  was  led  to  experiment  »n  the 
biological  treatment  of  sewage  by  three  objects  : — 

(1.)  To  find  an  effective  mealis  of  purifying  sewage 
on  a  relatively  small  iurea. 

(2.)  To  obtain  a  higher  degree  of  purification  than 
had  been  possible  by  ohemaoal  precipitatioa 
alone. 

(3.)  To  reduce  the  volume  of  sludge  produced,  or  il 
posaible  to  avoid  its  production. 

7046.  We  oome  now  to  the  expenments  th^naelves. 
Your  first  experiments  were,  I  understand,  with  Dibdin 
4>r  contact  beda? — Yes.  Mr.  Piibdin  fivst  experimented 
for  us  on  a  email  bed  of  his  own  in  liondon,  and  re- 
ported that  Tieeds  sewage  cc^d  be  effectively  treated  ou 
a  bacteria  bed,  althou^  ours  is  a  mixture  of  domestic 
sewage  and  a  large  v^ume  of  varioua  trade  effluents. 
Samples  of  specific  trade  effluente!  were  also  aent  to  him, 
vds.,  iron  liquor  and  tanyard  liq[uor.  In  reference  to 
these  he  found  that  in  dealing  with  the  iron  liquor  by 
itself,  there  wae  at  firat  considerable  oxidation  of  the 
iron  salts,  but  this  result  waa  obtained  at  the  expense 
of  the  efficiency  of  the  ibeds,  whicli  soon  became  unfit  for 
further  work.  The  iron  liquor  exerted  a  atrong  anti- 
septic or  sterilising  action.  When  the  liquor,  however, 
was  diluted  with  domestic  sewage,  the  bacterial  action, 
though  to  some  extent  checked,  was  not  stopped,  but 
nitrification  did  not  proceed  with  its  usual  ease,  oxygen 
beinflf  absorbed  by  the  iron  salts,  and  to  that  extent  not 
available  for  oxidising  the  organic  matter.  In  the  case 
f>f  tan  liquors  alone.  undiJut^  by  sewage,  it  was  found 
that  the  effect  of  this  double  treatment,  first  on  a 
coarse  and  then  on  a  fine  bed,  gave  nearly  80  per  cent, 
purification,  and  removed  the  solids  in  suspension.  Kn- 
couraged  by  Mr.  Dilidin'fi  report,  and  by  what  had  been 
seen  at  Sutton  and  Barking,  the  committee  determined 
to  try  a  practical  experiment  at  Knostrop  with  contatH 
beds  conetructed  under  the  advice  of  Mr.  Dibdin. 

7047.  What  was  the  extent  of  the  expenments  yon 
made  in  this  di|:ection? — We  began  in  the  autumn  of 
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1807  with  a  first  pair  of  contact  bede,  winch  we  caJl 
iNoa.  1  and  2,  one  a  rough  and  the  odier  a  fine  bed,  each 
of  which  bad  an  area  of  one-eighth  of  an  acre*  Later  we 
conetructed  two  more  pairs  of  beds^  Nob.  3  and  4,  and 
lfo8»  5  and  6,  all  of  similar  area,  and  we  had  further  two 
moie  beds,  again  of  one-eig|ith  acre  each,  which  were 
used  as  single  beds,  No.  7  for  experiments  in  single  con- 
tact filtration  of  the  effluent  from  our  lime  precipitation 
proceas,  and  No.  8  for  single  contact;  filtration  of  septic 
tank  effluent.  Our  ezpenments,  therefore,  were  with 
eight  beds,  ooYering  in  all  an  area  of  one  acre.  The 
•experiments  with  Noe.  1  and  2  have  lasted  nearly  3^ 
jeaxa,  those  with  Nos.  3  and  4,  which  were  started  in 
Noreiaber,  1608,  2^  years ;  those  with  Nos.  5  and  6, 
and  also  7  and  8,  all  started  in  the  spring  of  1899,  have 
•extended  over  two  years.  The  various  experiments  h«ve 
l)een  fully  detailed  in  a  report  puftxliahed  in  July,  1900, 
which  has  been  oommunioiHted  to  Uie  Oofmndssion. 

7048.  What  mateml  did  you  use  for  the  beds^The 
:fiiKt  pair,  Nos.  1  and  2,  were  filled  with  gas  coke,  which 
for  the  coarse  bed  was  larger  than  3in.  and  lor  the  fine 
bed  was  from  Ij^in.  to  ^in.  The  floor  was  drained  by 
rows  of  agmcultarail  drain  pipes,  2ft  apart,  leadingto 
the  outlet  valyes  through  a  bnck  connecting  drain.  The 
other  two  padrs  ol  'beds,  Nos.  3  and  4,  and  Nos.  5  and  6, 
were  fillea  with  clinker  from  our  destructors.  This 
nrmt^yl  was  thought  to  be  very  dieap,  oa  H  could  be 
bad  for  nothing ;  but  as  it  is  pTodoced,  ihe  materiad 
takes  the  form  of  Bdabs,  aild  consideraft>le  cost  is  in- 
curred in  breaking  it  up,  and  in  sorting  it,  so  that  there 
is  little  if  any  advantage  over  ooke  in  regard  to  cost. 
The  fine  beds  of  these  two  pairs,  viz.,  Nos.  4  and  6, 
-were  both  filled  with  clinker  ^in.  to  in.,  but  No.  3 
coarse  bed  was  fileld  with  clinker  lin.  to  ^in.,  while 
No.  5  was  larger  size,  viz.,  2in.  to  lin. 

7049.  Were  you  aible  to  judge  from  the  results  as  to 
the  relative  value  of  coke  and  clinker  as  materiaJe  for 
'beds7---WelJ,  we  (ound  that  our  clinker  beds  never 
reached  the  analytical  results  of  the  first  pair  of  coke 
l)eds.  I  do  nofc  Ihink,  however,  that  this  was  so  mwoh 
due  to  the  mttteriad  as  to  other  circfumetances.  The 
coarse  ooke  bed  was  5lt.  deep,  and  the  fine  bed  6ft. 
deep,  while  the  clinker  bede  were  only  3ft.  deep.  The 
•ooke  beds  had  also  been  better  under  drained  than  the 
clinker  beds.  I  have  seen  good  results  from  various 
materials,  and  I  don't  see  why  equally  good  results 
■should  not  be  obtained  from  clinker  or  from  ooke,  if 
the  materials  are  used  under  equal  conditions  as  to 
depth  of  beds  and  size  of  the  nuaterial. 

7050.  How  did  you  find  the  depth  of  your  beds  aflfect 
their  working?— We  constructed  our  second  and  third 
pair  of  beds  with  a  depth  of  only  3ft,  in  the  belief 
that  we  should  secure  better  aeration,  and  that  we 
should  be  able  to  give  more  frequent  fillings.  We  hoped 
that  with  shallower,  and,  therefore,  cheaper  beds  we 
could  by  more  frequent  fillings  deafl  with  las  great  a 
volume  as  on  the  deeper  and  more  expensive  beds, 
but  we  were  diaappointed.  The  results  were  never  so 
good  as  with  the  deeper  beds,  and  we  could  nob  give 
more  fillings.  Our  experience  was  in  favour  of  the 
•deeper  bods,  and  this  is  of  special  value  where  the  avail- 
able area  is  limited. 

7061.  Did  you  fill  the  beds  slowly  or  quickly  1-AAfter 
various  experiments  we  settled  to  flliing  in  one  hour 
or  less.  It  seems  desiraible  to  fiU  aa  rapidly  as  prac- 
ticable, and  the  speed  need  only  be  limited  by  the  ques- 
tion of  distribution.  If  you  fill  slowly  the  lower  por- 
tion has  had  sufficient  contact  before  the  top  of  the  bed 
is  reached  and  if  also  you  empty  slowly,  then  the  lower 
portion  of  the  beds  is  water-logaed  much  longer  than 
the  upper,  and  it  is  impossible  for  it  to  be  effectively 
aerated. 

7062.  What  system  of  distribution  did  you  adopt  l-^In 
our  first  pair  of  beds  we  began  by  an  elaborate  systwn 
of  troughs,  filled  with  hofles,  but  we  found  the  troughs 
constantly  silting  up  with  sludge,  and  the  holes  very 
soon  stopped  up.  In  the  later  beds  we  fed  the  sewage 
on  to  one  end  of  the  beds  in  a  thin  stream  over  a  lip 
the  full  width  of  the  bed.  After  a  few  days  the  coke 
under  the  lip  was  choked  on  the  surface,  and  then  the 
flow  spread  over  it  further,  until  after  some  weeks  or 
months  it  passed  almost  to  the  far  end  of  the  bed  brfore 
it  could  get  down.  When  the  bed  became  pooled  or 
flooded  we  were  oblige  to  fork  the  surface,  or  even  to 
remove  the  u^per  surface.  On  the  whole  we  found  it 
the  most  convenient  plan  to  provide  channels  m  the 
material  itself,  and  from  thne  to  time  to  turn  tnem 
.over  and  so  vary  their  position. 

7053.  Did  you  try  the  value  of  different  periods  of  con- 


tact ?— Yet.    Mr.  Dtbdin  told  us  when  we  started  work        cd. 
in  1897  that  he  had  found  two  hours  the  best  term  for    Har&ing. 
the  beds  to  stand  fulL    We  tried  snorter  periods  with  in-  5  ^i„,  igpi, 

ferior  results,  and  found  no  appreciable  adviantage  m      

increaaing  the  period  to  four  hours.  It  would  seeon 
that  the  supply  of  oxygen  is  absorbed  in  the  two  hours' 
contact,  and  if  so  no  benefit  oan  be  gained  by  keeping 
the  sewage  longer  in  the  bed.  The  condition  would 
tend  to  change  from  aerobic  to  anaerobic  Our  experi* 
ence,  therefore^  oonfiOTna  Mr.  Dibdin'a. 

7064.  You  told  us  that  you  lound  it  well  to  fill  the  beds 
as  fast  as  consistent  with  effective  distribution.  What 
about  the  emptying  % — ^We  found  that  one  hour  for  filHng 
and  one  lor  emptying  were  ocmvenient  petiodB.  No 
material  inoonrenienoe  arises  from  emptying  fast^  while 
slow  emptying  reduces  the  x>eriod  of  aeration,  and 
ospecially  so  for  the  bottom  of  the  bed.  It  should  be 
amed  that  when  the  main  fiavt  has  ceased  the  bed  con- 
tinues to  triickle  for  houn  and  days.  The  sponger  mattar 
wUrh  fioroM  on  the  ttnfooea  of  the  material  ^ves  up  its 
water  slowly,  and  it  le  during  the  time  of  trickling  that 
the  very  best  samples  are  obtained.  At  first,  especially 
with,  rapid  emptying,  the  fiow  is  turind  and  unsatisfactory,' 
swing  no  .doubt  to  oaunifBoient  aerstion  in  the  lower  parts 
*f  the  bed  and  in  the  channels  and  pipes,  and  also  to 
accumulation  of  soHd  matter  in  these.  On  this  account 
in  taking  mmples  our  plan  was  to  take  a  saanple  of  the 
first  rush,  and  others  every  10  minutes  to  the  end  of  the 
hour.  It  was  the  average  so  obtained  which  was'  then 
analysed. 

7066.  T^l  us  now  as  to  the  period  of  rest  xequiredfbr 
aeration  between  the  fiUings  ?---Under  normal  conditions 
we  found  three  fiJlings  per  24  hours  oomveQient,  viz., 
cycles  of  eight  hours.  !nie  tune  table  was  one  hour  tp 
fill,  two  hottia'  contact,  one  hour  to  empty,  and  four  houis 
rest.  With  two  filHngs  a  day  you  hare  eight  hours'  rest, 
and  with  one  filling  20  hours'  rest  No  doubt  with  the 
longer  periods  of  rest  there  is  more  complete  draanoig 
and  therefore  more  effectiTe  aeration  of  the  beds,  and 
better  results,  but  of  course  with  fewer  fillings  the 
volume  dealt  with  per  acre  is  very  small  and  may  make 
the  process  prohibitively  costly.  Apart  from  the  ques- 
tion of  coat  and  the  large  area  oi  beds  that  would  be 
required  it  might  be  well  to  give  only  one  filling  per 
24  hours  during  normal  flow,  and  in  time  of  rain  increase 
to  three  or  even  six  fillings  for  short  periods,  and  so  ' 

deal  with  six  volumes  or  five  dilutions. 

7066.  What  was  the  period  of  incubatioa  for  the  beds? 
— ^It  was  found  that  new  beds  required  about  six  weeks 
to  get  into  condition,  the  early  cdluents  being  unsatia- 
factofy  and  putrescent ;  but  at  the  end  of  this  period  a 
rapid  and  permanent  improvement  in  the  filtnfte  took 
place. 

7067.  What  was  the  condition  of  the  sewage  as  put  on 
the  bede? — ^We  tried  a  great  variety  of  experiments  in 
double  contact  fdtration,  the  deta.Ue  of  whojch  will  be 
found  in  the  report  of  July,  1900.  It  may  sufiloe  here 
to  say  that  we  experimented — 

1.  With  aewtage  absolutely  crude,  except  for  what 

was  kept  back  by  m^  one-inch  grating  at  the 
entmnce  of  the  works ; 

2.  With  sewage  fronu  which  the  grit  or  road  detritus 

had  been  settled  ; 

3.  With  etefwage  which   had   been   passed   through 

ecreem  of  |in.  mesh,  so  as  to  keep  back  ^mall 
pieces  of  paper,  matches,  tea  leaves,  etc., 
whioh  with  fibre  were  found  to  fodkn  a  mat  on 
the  surface  of  the  ooke  ; 

4.  With  sewage  passed  through  a  fine  screen  of  20 

per  uich  to  keep  back  the  fine  fibre  whi<eh 
comes  into  Leeds  sewers  from  woollen  mills  ; 

6.  With  sewage  settled  to  vaaiious  degrees. 
In  all  these  experiments  the  sewaffe  contained  all  the 
dissolved  impurities,  but  the  su^p^nded  solids  were  more 
or  less  reduced.  It  may  interest  the  Oommfasion  to 
know  that  whfle  of  course  the  wspeoded  solids  vaiy 
largely  from  hour  to  hour,  yet  an  average  taken  upon  the 
/Kk^yses  of  many  monthar  in  1899  gave  44  gmins  per 
gallon  of  si»pended  solids  in  Leeda  sewage.  I  see  that 
m  one  period  of  experiment,  from  August  to  November, 
1899,  the  average  of  suspended  solids  warf  as  high  as  57 
gndns  per  gallon.  The  withdrawal  of  the  groHser  solids 
and  fibre  by  screening  only  removes  matters  which  do 
not  usually  come  into  the  analysis.  In  these  experiments 
I  find  that  the  averages  of  suspended  solids,  even  with 

Sartially  settled  and  screened  sewage,  rarely  fell  below 
2  grains  per  4j:aflon.     As  a  rule,  the  rough  beds  were 
found  to  keep  back  from  65  to  76  per  cent,  of  the  solids 
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'    Col,       in  suflfpension.       The  solidls  in  suspension  in  the  final 
Barding.    filtrate  amounted  to : — 
5  Mar.  1901.  3*51  grains  per  gallon  when  dealing  with  crude  semrage, 

2-19        „        „        „        „        „        ,,    screened  eewage, 

1'^  .«        n        M        f«         jy        t,    partially  settled 

flewage, 

and  these  differences  aoeount  for  the  turbidity  noticed  in 
oonnection  with  the  firert  flow  while  dealing  with  crude  or 
screened  sewage,  and  for  the  improved  appearance  of  the 
effiuAnt  in  dealing  with  partially  settled  sewage ;  and 
there  can  be  no  doubt  that  .with  thoroughly  settled 
sewage  admiralble  results  would  be  ol)tained  by  doable 
filtration.  With  septic  tank  eflluent  there  would  be 
generally  only  8  or  10  grains  of  suspended  solids  to  be 
dealt  with,  so  tbat  in  all.  the  experiments  I  am  alluding 
to,  vix.,  sewage  screened  or  partially  settled,  the  diffi- 
culties were  much  greater  tnan  those  which  arise  in 
dealing  with  septic  dfiuent.     l%ese  difficutties  in  deal* 


ing  with  cmdd  sewage  arise  from  the  suspended  solids 
and  are  (1)  the  formation  of  sludge  on  &e  surface  of 
the  coke,  (2)  the  reduction  of  capacity  of  the  beds. 

7056.  What  kind  of  results  did  you  obtain  as  regards - 
puzifioation  by  your  double  contnct  iiltiwtion  ?>--lrrom 
experience  gained  durinff  over'  three  years  in  treating 
liiedA  eewsffe  on  contact  beds,  it  was  found  that  whether 
dealing  with  crude  sewage,  screened  sewage,  or  partially 
settled -sewage,  variable  but  very  good  effioents  could 
be  obtained,  much  superior  to  those  from  lime  i^ecipita' 
tlon.  Their  ohemioal  analyves  gave  results  whsdi  were 
generally  within  the  limit  of  one  grain  per  gallon  oxygen 
albaK»rbed/and  -1  of  alibuminoid  ammonia ;  limsta  n^ich 
have  in  recent  yean  been  accepted  by  the  Lancashire 
and  Yozkshire  Bivers  Boards  as  a  pFOvisdonal  standard 
of  purity  for  effluents  going  into  a  stream  not  used  for 
drinking  puiposes.  The  folSywing  are  the  arersge  »ia- 
Ivtical  results  oibtained  over  k»ng  periods,  aa  de&led  in 
the  report  referred  to :  — 


Table  showing  the  Average  Analyses  of  the  Crude  Sewage  and  the  various  Filtrates  from  No«,  1,  2,  3,  4,  5,  and 

Contact  Beds. 


Grains  per  Gallon. 

Date. 

Total 
Solids. 

Suspended 
Solids. 

Free 
NH,. 

Alb. 
NH,. 

Oxygen 
Afaeorhed. 

Nitrogen 

as 
Nitrates. 

Crude  sewage 

\              f 

1 

i 
1 

1       117-0 

40-7 

1-72 

-809 

8-04 

FUtrate  from  Bed  No.  1 

Oct. 
27rh, 

75-3 

11-5 

1-098 

-318 

2-48 

— 

„            ,         No.  2       -        -       -        - 

1896, 

^^ 
Oct. 

68-4 

1-9 

-31 

•081 

•50 

•392 

Percentage   purification    effected   by    Bed 

No.  1         - 

9th, 

— 

71 

36 

60 

•     69 

, 

1899. 

percent. 

percent. 

percent 

percent 

Percentage   purification   effected  by  Beds 

Nos.  1  and  2 

;                \ 

— 

05 

81 

90 

93 

^^^^ 

percent. 

percent 

percent. 

percent 

Crude  sewage 

/ 

118*4 

42-8 

2D2 

•964 

8-80 

.^» 

Filtrate  from  Bed  No.  3 

Nov. 
1898 

82*3 

12-6 

0-920 

-289 

2-07 



„             ,.        No.  4               -        -        . 

)     to 
June  1 

73-0 

3*3 

0*581 

•108 

-655 

•261 

Percentage  purification.  Bed  No.  3 

1900. 



70 

54 

70 

76 

.^_ 

{ler  cent. 

percent 

per  cent. 

percent 
92 

Percentage  purification,  Beds  Nos.  3  and  4  - 

>               \ 

92 

71 

•^88 

__ 

1 

per  cent. 
46-1 

per  cent. 

percent. 

percent. 

Crude  sewage 

\              / 

l%-8 

205 

-997 

9-12 

«^ 

Filtrate  from  Bed  No.  5 

Mar. 
1899 

81*9 

13-7 

1-23 

•397 

2*91 

— 

ft              t»       No.  6       -       - 

/     to     1 
Nov. 

71-6 

3-3 

-666 

-Ul 

•790 

^      ^127 

Percentage  purification,  Bed  No.  5 

1899. 

— 

70 

39 

60 

68 

per  cent. 

per  can  t. 

per  cent. 

per  cent 
91 

Percentage  purification,  Beds  Nos.  5  and  6  • 

s 

1 

92 

67 

85 

.^» 

percent. 

per  cent. 

per  cent 

per  cent 

These  results  were  obtodned  notwithfltanding  the  large 
volume  and  variety  of  trade  effluents  onsxed  with  Leeds 
sevrage.  The  chief  ddffioullty  ooouired  in  connection  with 
laige  quantities  of  iron  liquor  (fenkMis  su'l|)hates  and 
chloridei^  coming  down  in.  thia  aenrage,  and  representing 
as  much  as  five  tone  of  metallic  iron  per  24  hours.  Gene- 
rally a  laige  part  of  this  iron  waa  retained  by  the  beds, 
but  at  times,  especaaUy  in  eummer,  >some  of  it  came 
through  in  solution  and  afterwards  settled  out  as  a  buff- 
coloured  flocculent  hydrated  ferric  oxide. 

The  final  effluent  evidently  contained  dissolved  oxygen, 
for  it  watf  found  to  support  fiali  life ;  coaiee  fish,  such  as 
osrp  and  gold  fish,  livmg  in  it  for  long  periods,  some  of 
them  for  ovor  three  yenvR ;  while  there  was  miich  green 
growth  in  the  basin  snd  diannels.  Mention  may  be  made 
of  Vaucheita,  an  alga  which  is  said  to  grcxw  in  swtft 
flowing  and  therefore  well  aerated  streams.  The  usual 
pond  lifo  was  also  representeil  in  great  variety  in  the 
Dai&n,  including  Isxm  of  Ohiconimus,  Nais,  Cyclops, 
small  worms,  etc.  In  the  body  of  the  filter  were  earth- 
worms and  great  ^uantiti^s  of  Podiura  aquatica.  These 
evidences  of  aeration  are  a  special  and  valuable  feature 
of  biological  effluents  which,  unlike  the  effluents  from 
chemical  precipitation,  are  rarely  lial>le.to  subsequent 
putrefaction,  but  on  the  contrary  contain  elements  of 


further  purification,  snd  will  probably  im^ra^e  on  pass- 
ing  to  the  etreame. 

7059.  You  have  told  us  your  samples  for  analysea  were 
taken  from  an  aiverage  of  the  total  flow.     By  whom  were 
the  analyses  made?— At  first  by  Mr.  Dibdin,  but  since" 
Qctcher,  1898,   by  the  resident  diemist  at  our  works, 
Mr.  W.  H.  Hartieon,  M.Sc. 

7060.  To  what  extent  did  you  find  nitrin nation  7— In 
these  experiments  analyses  never  showed  anv  ifuportant 
percentage  of  nitrates,  which,  indeed,  onJy  began  to 
appear  after  two  months'  work,  and  never  exoe^ed  '5* 
per  gallon,  the  arersge  being  oouFiderably  leris.  This, 
was  probably  due  to  the  composition  of  Leeds  sewage, 
which  includes  (readily  oxidisaole  trade  effluents. 

7061;  What  was  the  effect  of  frost  on  the  working  of 
your  oootact  beds  ? — As  bacterial  action  is  only  pofltoible* 
within  a  Emated  range  of  temperature,  careful  reoardtf 
were  kept  to  determine  if  in  cold  weather  the  tempen* 
ture  of  -the  beds  was  lialble  to  fall  ^below  th!at  limit.  An 
examination  of  these  records  shows  that  the  temperature 
of  the  beds  is  detemuned  by  the  sewage,  and  only  in  a 
very  minor  degree  by  the  atmosphere.  This  is  illustrstedt 
in  the  following  table  :  — 
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Table  showing  effect  of  Frost  upon  the  Beds. 

(Temp.  =  T.) 


Harding, 


Date. 
Fortnight  ending 


State 

of 

Weather. 


Rough  Bed  (No.  3). 


Hbq 


i 


Dee.  8th,  1899 


Dec.  8th  to  Deo.  29th 


NoFroet 


Frost 


58-9 


531 


45*5 


31-2 


0 


1^ 
PO.S 

o«fl 

fl 


I 


^4 


•I 
si 

HP4 


2t 


Fine  Bed  (No.  4). 


t 


66-3 


49*4 


67-2 


49-8 


66-7 


49-4 


55-9 


49-2 


31 


2. 

§1 


Is 


45-5 


31-9 


54-8 


47*4 


54-8 


46-1 


54-6 


46-1 


'  6  Mar.  I9aL 


AVBRAGR  Temperature  of  Sewage,  Atmosphere,  and  Rough  and  Fine  Dibdin  Beds  during  a  Period  of  Six  Months. 
(Temperatures  are  in  degreee  F.) 


Average  Temperature  from 


December  17th  to  Decemlier  30tli,  1896 
December  31si  to  January  13th,  1899 
•January  14th  to  January  27th,  1899 
January  28th  to  February  lOtb,  1899 
February  10th  to  Febniaiy  2ith,  1899 
February  25th  to  March  14th,  1899 
March  15th  to  March  25th,  1899 
March  26th  to  April  8th,  1899 
April  10th  to  April  21st,  1889  - 
April  22nd  to  May  61  h,  1899    - 

Average 


Rough  Bed  (No  1). 


£ 

«ts  o 

Hie 


At     to 

s  a 

H 


I 


^3 


I 


§ 


s 


H  0) 


Rough  Bed  (No.  2>. 


e 

a*5 

HIb 


Sffi 

1*1 

H'd 


547 
52-0 
51-9 
52-9 
54-6 
58-9 
56-5 
551 
55-3 
58-5 


55-0 


38-8 
39-2 

36-7 
39-5 
39-7 
41-3 
45-7 
47-3 
42-4 
52-7 


56-1  !  55-5 


51-9 
51-9 
53H) 


51-7 
51-2 


51*9 


54-0  .  53-6 


41-2 


57-1 
56*4 
55-3 


67-2 
56-7 


55-3 
51-9 
51-4 
52-3 
53-8 
57-5 
56-9 


55-0     55-2 


54-4     54-8 
67-3  I  57-8 


54*7     54-5 


54-9 
58-2 


54-7 


55-2 
51*6 
51-3 
52-4 
53-5 
57-2 
56-5 
55-1 
54-6 
67-7 


41-3 
39-4 
37-7 
39-4 
40-2 
41-6 
34-8 
47-6 
42-2 
47-9 


54-5  I  41-2 


54*8 
50-9 
50*7 
51-4 
52-5 
54*3 
54*8 
55-1 
53-7 
56-1 


53-4 


s 


I 


I 

I 

H  i 


54-8 
51-1 
50-9 
51*8 
52-8 
54-5 
57-3 


55*1 
51*2 
51-0 
51-5 
52-6 


54-8 


671 


55*1      55*2 


53*4 
57-3 


53-8 


53-9 


55-0 
50-9 
509 
51-3 
52-5 
54-8 
56-1 


54-8 
53-9 


57-3      56-8 


53-9  i  53-6 


It  will  be  seen  that  in  the  seven  hours  occupied  in 
passing  through  both  beds  the  loss  of  temperature  from 
the  sewage  to  the  final  effluent  was  only  1^  degrees. 
During  periods  of  rest  the  heat  in  the  beds  roee  to  70 
and  80  degrees.  During  the  past  few  years  the  winters 
have  not  been  severe,  and  it  was  only  during  the  winter 
1890-1900  that  any  valuable  data  bearing  upon  this 
sobiect  could  be  collected.  The^  show  that  during 
fairly  cold  wintero  the  purification  effected  by  this 
process  of  contact  filtration  is  not  appreciably  checked. 

7062.  Did  a»^  nuisaiioe  ariee  in  connection  with  con- 
tact bed  filtration  ? — ^None  whatever.  Even  on  digging 
deep  into  the  beds  which  had  been  receiving  Leeds 
sewage  for  long  periods,  there  was  no  smell  but  that 
pecunar  to  garden  soil. 

7063.  We  oome  norw  to  tlie  important  question  of  main- 
tenance of  capacity  of  the  beds.  In  your  opinion  can 
oontaot  'bedls  be  ueed  indefiniitely  ? — ISo.  Our  experience 
wae  ttmt  in  deahns  wvfch  crude  sewage,  and  even  idth 
acre  med  and  partiadly  settled  sewage,  there  was  a  eteady 
loss  ol  capacity.  The  proceas  w«b  found  to  give  good  re- 
sults as  to  effluents,  but  the  real  difficulty  ie  that  a  work- 
ing capacity  of  thie  hedb  cannot  he  maintained,  except  at 
an  impracticably  low  scale  of  work.  It  must  be  noted 
that  tne  difficulty  arose  almost  exclusively  in  the  first 

-or  rough  beds.    The  fine  bede  gave  us  no  trouble.    This 
would  be  due  no  doubt  partly  to  the  fact  that  the  fine 


beds  received  75  per  cent,  less  suspended  solids  than 
the  rough  beds,  but  also  that  as  the  capacity  of  the 
rough  beds  declined,  the  volume  parsing  on  to  the  tine 
be(k  became  continually  less,  so  that  the  upper  part 
of  these  beds  was  never  waterlogged,  and  was  always 
aerated,  and  the  fine  beds  never,  except  in  she  tirst 
weeks,  got  their  full  dose  of 'work.  It  was  su|;gested  to 
us  that  d  acciinwilaition  aroee  in  the  beda,  it  could  be 
ooneumed  by  iieet,  and  the  beds  thue  restored  to  their 
original  capacity.  We  found,  indeed,  that  by  re^t  t^>me 
of  the  aocumulations  were  reduced,  but  the  greater  part 
of  the  capacity  recovered  was  soon  lost  again.  The 
increaaa  ol  capac'ty  on  restarting  ie  duo  m  lar^o 
part  to  the  more  complete  draining  of  the  bed  during 
rest,  and  to  drying  up  of  spongy  matter  in  the  body  of 
the  bed.  From  the  experience  at  Leeds,  the  conclusion 
was  inevitable  that  there  is  steady  reduction  of  capa- 
city in  contact  beds, .  and  more  especially  in  rough 
beds,  and  that  the  capacity  can  only  to  ^  small  extent 
be  recovered.  Experimenta  were  made  to  wash  out  the 
beds,  but  were  not  successful,  and  it  would  seem  that 
when  a  bed  is  choked  it  can  onljr  be  restored  by  a  sort- 
ing and  screening  of  the  material,  a  process  which  I 
fear  is  prohibitively  costly.  In  this  coarse  bed,  the 
choking,  thougjh  greatest  on  the  surface,  went  through 
the  bed.  I  put  in  a  table  showing  the  variations  of 
«*apacity  of  the  Leeds  beds  over  long  periods. 
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The  I088  of  capacity  would  seem  to  be  due  to  the 
following  causes,  some  of  which  are  remediable,  and 
others  not : — 

(1)  The  passing  of  sand,  coal  dust,  and  road  detri* 

tus  into  the  bed. — These  matters  must  be 
kept  out,  for  bacterial  action  cannot  reduce 
them. 

(2)  The  degradation  of  the  material  of  the  filter. — 

It  is  found  that  coke,  though  at  first  care- 
fully sorted  to  larger  size,  soon  becomes 
broken  down.  No  doubt  this  arises  to  a  less 
extent  with  clinker,  which,  however,  is  apt 
to  take  the  form  of  slabs,  and  is  not  very 
suitable  for  a  coarse  bed.  Burnt  ballast  is 
very  liable  to  reduction. 

(3)  The  consolidation  of  Ihe  material  of  the  bed. — 

In  connection  with  the  single  contact  beds, 
Nos.  7  and  8,  the  loss  of  capacity  in  tho^e  cases 
was  largely  due  to  thrls  cause.  The  material  of 
a  bed  must  be  of  veiy  even  size,  or  gradually 
the  smaller  pieces,  by  the  slight  moveoient 
due  to  filJiing  and  emptying,  tend  to  fit  them- 
selves in  between  the  larger,  so  as  to  approiL- 
mate  to  a  solid  mass.  As  we  have  seen,  even 
equal  sized  material  in  course  of  time  be- 
comes broken  down  into  unequal,  and  so 
consolidation  takes  place. 

(4)  More  organic  solids  coming  on  to  the  bed  than 

the  bed  can  digest. — Fibre  and  certain 
vegetable  matters  are 'very  slowly  dissolved 
and  tend  to  accumulate  in  the  beds  unless 
the  rate  of  working  is  very  slow.  The  screen- 
ing-off  of  some  of  these  matters  can  be  ac- 
complished within  reasonable  cost. 

(5)  The  presence  in  the  sewage  of  matters  which 

cannot  be  reduced  by  bacterial  action,  other 
than  the  sand  and  road  detritus. — Whether 
such  matters  exiist  in  the  sewago  in  an  origi- 
nally irreducible  form,  or  whether  such  irre- 
ducible form  is  reached  as  a  result  of  change 
in  the  bed,  it  Is  difficult  to  determine.  But  it 
is  certain  that  a  coarse  bed  which  has  been  long 
at  work  is  found  to  contain  a  large  quantity  of 
matter  akin  to  bumue  or  garden  soil,  and  which 
cannot  ibe  further  reduced. 

(6)  The   retention   in  the  bed  of  mineral   solids 

originally  in  solution,  but  which,  by  the 
oxidising  action  of  the  beds,  come  into  sus- 
pension ;  as,  for  instance,  the  iron  liquors 
containing  ferrous  sulphates  and  chlorides, 
a  large  part  of  which  are  found  to  be  retained 
in  the  beds,  the  pieces  of  coke  being  often 
heavily  coated  with  red  iron  deposit. 

.  7064.  You  speak  of  the  screening  and  washing 
of  the  material  of  the  bed  being  prohibitively  costly  9 
Have  you  any  figures  ? — l%e  cost  of  sorting  and  screen- 
ing out  our  No.  1  bed,  which  had  an  area  of  ^th  acre, 
was  nearly  £80,  or  at  the  rate  of  £640  an  acre.  It  is 
perhaps  scarcely  fair  to  take  this  experimental  work 
without  suitable  appliances  as  a  basis  of  estimate,  but 
in  any  case  such  screening  out  of  broken  down  material 
and  accumulations — say  once  a  year — ^must  necessarilv 
be  costly.  If  our  No.  1  bed  had  been  dealing  with 
septic  elHuent  instead  of  crude  sewage  the  necessity  for 
cleaning  it  would  not  have  arisen  so  soon,  and  in  that 
case  too,  finer  material  could  be  used,  which  would  be 
cheaper  to  handle,  because  it  can  be  spaded.  No  dou'bt 
this  is  why  Mr.  Fowler  found  at  Manchester  that  the 
material  of  their  free  beds  could  be  washed  for  1«.  6d. 
a  square  yard,  or  £360  an  acre.  Of  course,  it  must  be 
borne  in  mind  that  in  land  treatment  the  surface  must 
be  broken  up  by  ploughing,  and  that  this  too  oo«ts 
money. 

7064*.  How  long  did  you  work  your  No.  1  rough  bed 
before  it  became  choked  ? — From  October,  1897,  to  Octo- 
ber, 1899 — two  years.  The  original  sewage  capacity  had 
been  83,500  gallons.  In  March,  1899,  it  had  fallen  to 
27,000  gallons.  From  that  time  the  work  of  the  bed 
was  reduced,  giving  one  da/s  rest  in  seven,  then  two 
days^  rest  in  seven,  and  finally  alternate  days  of 
rest  and  work.  During  the  summer  of  1899  it  was 
found  possible  to  maintain  capacity  by  resting  alter- 
nate days,  or  by  working  every  day  with  one  filling 
onlv.  l^e  capacitT.  which  had  fallen  in  Mav  to  22«000 
iralkms,  with  one  filling  only  per  day,  reoovered  apparently 
to  27.000  sftUoDS,  bat  this  wae  no  doubt  due  to  the  more 
complete  draining  during  the  daily  reet.  The  experience 
with  rough  beds,  Noe.  3  and  5,  was  similar. 
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7065.  IXd  you  make  any  analyses  or  examination  of        coi. 
the  accumulations? — ^Yes.    On  March  21st,   1899,   in    tiufdiiff. 
order  to  learn  what  was  the  nature  of  the  deposit  5  ^,^90^ 
whioh  was  accumulating  in  the  beds,  the  rough  bed      — ^ 
was  dug  down  to  the  bottom,  and  a  spadeful  of  the 

coke  was  taken  from  the  bottom,  middle^  and  near  the 
top  and  put  into  a  bucket.  The  deposit  on  the  coke 
near  the  top  was  of  an  earthy  character,  and  lower 
down  where  it  was  wetter  it  took  the  form  of  at  first  a 
brown,  and  near  the  bottom  a  black  odourless  slime. 
On  analysis  the  deposit  was  found  to  contain  85  per 
cent,  moisture.  Of  the  remaining  15  per  cent,  about 
7^  was  organic  matter,  some  of  which  was  fibrous, 
and  the  remaining  7^ was  mineral,  about  half  of  it 
being  ferric  oxide.  When  the  experiments  with  No. 
1  bed  were  stopped  in  October,  1899,  the  material  was 
taken  out,  and  coke  only  replaced  which  could  not  pass 
through  1^  inch  mesh.  This  was  found  to  only  hall 
fill  the  bed,  so  that  whftt  passed  through  1^  inch  mesh 
and  was  rejected,  represented  half  the  contents  of  the 
bed.  Therefore,  if  a  material  could  have  been  used  not 
liable  to  degradation,  probably  one-third  of  the  loss 
of  capacity  would  have  been  avoided.  20' 39  per  cent. 
by  volume  of  the  rejected  matter  was  true  deposit,  but 
contained  70  per  cecit.  water.  It  had  been  to  some 
extent  dried  or  drained  by  the  resting  of  the  bed,  and 
no  doubt  in  working  conditions  the  deposit  would 
contain  nearly  90  per  cent,  of  water.  Every  grain  of 
matter  retained  by  the  bed  holds  up  9  gxBiins  <J  water, 
80  that  the  accumulation  consists  largely  of  water  re- 
tained by  the  spongy  matter.  The  deposit  .tself,  dried 
and  exposed  to  red  heat  for  five  minutes  lo&t  36^  per 
cent,  by  weight.  Of  the  remainder  about  30^  per  cent, 
was  ferric  oxide,  16  per  cent,  sand,  and  the  remaining 
17  per  cent,  carbon,  present  as  coke,  due  no  doubt  to 
degradation  of  the  filtering  material. 

7066.  Notwithstanding  thiese  accumulations  and  con- 
sequent loss  of  capacity,  you  have  no  doubt  that  there 
was  a  large  digestion  by  the  rough  bed  of  the  sus- 
pended solids  which  passed  into  it  ?-^^ertainly.  A 
large  part  was  digested.  It  is  difficult  to  get  at  any 
reliable  estimate  of  the  sludge  digested  by  the  beds. 
Taking  Na  1  rough  bed,  the  total  volume  dealt  with, 
from  October,  18fi?7,  to  October,  1899,  was  38  million 
gallons,  and  if  the  average  of  suspended  solids  kept 
back  by  the  bed  is  taken  at  33  grains,  then  178,0001bs. 
of  dry 'solids,  or  1,780, OOOlbs.  of  sludge  (90  per  cent, 
water),  has  been  left  on  that  bed,  or,  at  lOlbs.  per 
gallon,  178,000  gallons.  As  the  final  accumulation  in 
the  bed  was  56,(X)0  gallons,  it  would  seem  that  this  bed 
had  digested  68  per  cent.  The  quantity  is  no  doubt 
less,  &s  the  upper  sludge  left  on  the  bed  contains  only 
85  per  cent,  water.  On  the  other  hand,  the  reduction 
of  cap<icity  is  partly  due  to  breaking  up  of  the  material 
of  the  bed,  and  some  matters  at  first  in  solution  are 
thrown  into  suspension  and  retained.  As  a  rough  esti- 
mate, 60  to  70  per  cent,  may  be  taken  as  a  fair  approxi- 
mation of  the  sludge  digested  by  this  bed. 

7067.  Briefiy,  what  results  did  you  obtain  from  your 
beds,  Nos.  7  and  8,  which  I  understand  were  used  with 
lime  settled  effluent  and  with  sept  c  ta«k  effluent?— We 
never  got  from  these  single  contact  beds  results  whioh 
reached  the  Rivers  Boord  standards.  We  found  the  aame 
thine  in  the  filtrates  from  the  single  contact  beds  \i-eil 
with  the  Oomeron  closed  septic  tanks.  In  all  these  cases. 
the  results  of  single  contact  filtration  were  fair,  but  not 
g(»d  enough. 

7068.  Ifc'W  as  to  the  area  of  contact  beds  that  would 
be  rdi|uired  for  Leeds  sewage?  Have  you  formed  an 
opinion?— ^W ell,  when  our  double  eontaot  beds  were  in 
good  working  conditian  and  dealin^j^  with  alxHit  50,000 
gallons  per  filling,  and  three  fillings  a  day — that  is, 
150,000  gallons  per  24  hours — this  would  represent 
1.200,000  gallons  per  day  per  acre,  since  the  area  of  each 
bed  wa.s  about  ^  acre.  There  were,  however,  two  beds, 
a  rough  and  a  fine,  so  that  rn.ly  600,000  gallons  per  acre 
of  beds  could  be  dealt  with.  "  Allowing  for  nece*»saTy 
periods  of  reet  half  a  million  gallons  per  acre  mi^ht  be 
reckoned  ;  lUkd  for  16,000,000  gallone,  the  Leeds  dry 
weaither  flow,  32  acres  would  be  required.  But  the  beda. 
would  not  last  long  at  <tihis  rate,  and  the  volume  dealt 
with  would  rapidly  dimdnish.  If  as  a  basis  of  calculvit'oii 
the  reduced  rate  of  woi^ng  of  the  summer  of  1899,  viz., 
one  filling  per  day,  is  taken,  there  would  be  required  96* 
acres  of  double  beds,  an  area  which,  I  fear,  would  be 
prohibitively  costly.  Apart  from  coet,  an  area  whioti 
would  permit  ci  one  filliniic  a  ^7  <^  ***«  <Jrr  weather 
flow  would  be  convenient,  because  the  fillings  could  be 
increased  during  rain  and  for  short  periods  to  three  or 
more  per  day.    But  I  have  come  to  the  conclusion  that 
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Col.     '  for  Leeds  sewage  the  sj'stem  of  intermittent  or  contact 
Harding,    filtration  is  impracticaDle,   although  good  filtrates  a/e 
:.  MilTiwi.  ^®^^^^^y  obtained. 

'-         7069.  Should  you  continue  to  hold  thai  o|^inidii  if 

the  Leeds  sewage  were  first  thonoughlj  settled'  or  passed 
through  septic  tanks? — No.    All  my  replies  to  pre- 
vious  questions  had   reference  to  dealing  on   inter- 
mittent  contact   beds    with    either   crude  sewage -er 
sewage   containing    the    greater  part  -  of  the  finely^ 
divided  suspended  solids.  ••    I  think  there -can  be  no 
doubt  that  with  Leeds    sewage   winch,   had   been,  so 
tlhoroughly  settled  4»  to  oonMn  only,  say,  5  grainB  per 
gallon  of  si]s;>ended   eolide,    the  doivble  oontaot  bedtf, 
eepeoially  with  tlie  finer  material  which  ooukl  then  bo 
used,  wpuld  not  only  give  admirable  fiilrtxa4«s,  bttt  would 
hare  a  much  longer  Life,  might  last,  in  fact,  for  many 
years,  though  I  fear  that  even  eo  u^ted  there  would  bo 
ultimate  chiScing,-  With  thoroughly  settled  sewatfe,  how- 
ever, tiiere  WH>uld  be  a  great  production  of  elu<^,  and 
one  object  of  our  experiment  had  been  to  find  means  of 
reduoing  the  production  of  sludge.     With  regsiid  to  the 
double  contact  filtration  of  septic  tank  effluent,  our  ex- 
perrments  have  lasted  f<uttioiently  long  to  ehow  thfl4^  ex- 
cellent filtrates  can  be  ol^i^ed,  but  I  do  not  wish  to 
give  any  strong  opuiloii  yet   as  to  the  choking  up  of  the 
beds  in  dealing  witii  septic  tank  effluent.    So  lar  as  it 
goes  our  expenonent  .^howe  i>hat  there  is  ,persietent  reduo- 
tkm  of  capacity  in  tlie  first  bed  ;  but  it  ds  fair  to  say  that 
our  trials  were  made  with  the  effluents  from  septic  tanks 
which  had  been  lon^'at  work  without  emptying,   and 
wihnch  in  consequence  were  pessing  out  oyer  15  gfraine  per 
gallon  of  suspended  sulids.     In  a  septic  tank  workmg 
with  a  24-4iou!r  flow  tliere  should  not  be  more  than  8  graina 
per  gallon  of  suspended  solids,  and  if  our  experiment  had 
been  carried  out  :n  thene  conditions  no  doubt  the  reduc- 
tion of  capaoity  waiild  have  been  much  less.     I  should 
like  to  add  that  the  six  filter  beds  uealing  with  the 
effluent  <from  the  ei>vered  septic  tan'ks,  which  for  the 
whole  period  carried  on  an  average  oi  12*3  suspended 
solids  an  trains  per  gallon,  have  after  working  for  18 
monthb  only  shown  an  average  loso.^f  one-thini  capa- 
city.    At  starting,  in  September,  16^.  the  sewage  capa- 
city of  the  six  tankis  was  31,060  gallons,   and  recent 
measuring  in  Februarv  showed  that  tlie  total   loss  of 
capacity*^  was  10,600  ^^allons,  or  about  one-third.     These 
Tieds,  however,  have  only  had  little  more  than  one  fillinir 
a  day  over  the  whole  tjeriod,  but  tnev  show  that  mth 
light  working  of  septic  effluent  capacity  can  be  fairly  main- 
tained.    Inasmuch,  however,  as  many  analyses  made  at 
Leeds  sliow  thai   the  finely  divided   black  suspended 
-solids  in  septic  tank  effluent  are  to  tKe  extent  of  over 
50  per  cent,  mineral  and  not  in  condition  to  be  further 
reduced  by  bacterial  action  ;  and  as  in  double  contact 
filtration  of  such  effluent  the  filtrate  is  with  fairly  fine 
filter  material  generally  brilliant  and  clear,  the  con- 
clusion   seems    inevitable    that    if    these    indi^e^ble 
matters  don't  come  out  they  must  tend  to  ultimately 
•clog  the  filter.     At  Manchester  it  is  suggested  by  Mr. 
Fowler  that  these  matters  become  part'S  the  filtering 
material.     This  may  be  so  if  they  af^gregate  into  lumps, 
l>ut  if  they  remain  finely  divided  t<hey  will  fill  up^the 
interstices  of  the  bed  material,  bring  about  oonsofida- 
tion,  and  so  gradually  reduce  capacity.     Anyway,  con- 
tact beds  seem  to  me  much  more  likely  to  succeed  if 
they  are  used  to  purify  thoroughly  settled  sewage  or 
sentic  tank  effluent,  and  it  is  an  imnartsnt  advantage  of 
the  septic  tank  that  it  equalises  the  conditions  of  the 
sewage,     whereas   if     more     or     less     crude     sewage 
is  out  on  the  beds  the  conditions  are  oonstasitly  varying, 
esnecially  if  there    i«<    any  lan^e    admixture    of    trade 
Aifi!ien<ts.     In  regTud.  to  trade  effluents  regulailons  should 
be  adopted  by  all  loc^l  authorities  to  ensure  that,  laige 
flushes  of  trade  rcfiwe  Bhall  not  be  sent,  into  sewers,  and 
th:.«i  is  easily  provide<l  against  by  the  use  of  storage  tanks 
-fit  the  manufactory.     It  should  abo  be  insisted  upon  that 
manufacturers  should,  at  their  works,  settle  suspended 
t^lids  as  much  as  possible.     I  should  like  to  remind  the 
'Commission  that  contact  bed  experiments  have  now  been 
tried  in  many  places,  and  notably  at  Sheffield,  where 
■ex^ellen^  filtrates  have  been  obtamed  even  from  crude 
sewMse,  but  rarelv  have  careful  observations  been  made 
to  fFSuge  reduction  of  capacitv  of  the  beds.    The  experience 
of  the  next  twelve  months  will  prove  very  useful  in  this 
respect.      I  should  wish  also  to  add  that  if  a  material 
can  be  found  for  conitnct  beds  of  even  size  and  not  liable 
to   reduot:on  the  life    of   the   beds   would  be   greatly 
lengthened,  for  loss  of  oapncity  10  due.  I  believe,  more 
t«  reduotnon  and  oosisoUdation  of  the  material  of  the  b^d 
than  to  the  undicrested  matters  brought  dcvwn  by  the 
fjewafire.     The  movement  of  the  material  r"  contact  beds 
diT*  to  alt-*^Tnate  filliiTT  and  emntyinp"  fencis  to  reduction 
and  conaolidation.       From  this  point  of  view  bi'oken 


moiite  oipeviaMj  even  size  would  seem/aa  idieal  materiaj, 
bu4>'On>  account  of  ittf  weight  would  be  very  oostly  in  most 
plaoes.  The  question  of  the  miaterial  whieh  can  prao* 
tically  be  used  is  necessarily  dependent  on  local  oon- 
dntiionfl. 

7070.  {Mr.  Power,)  I  have  made^a  note  to  ask  you 
whether  you  had  tested  the  aeration  of  the  effluent 
after  4  hours*  contact.  Was  it  generally  tested  in 
these  experiments — ^the  aeration  of  the  affluent  ? — The 
aeration  of  the  effluent  bas  only'lbieen  tested  recentiy 
sine  we  have  had  the  apparatus  devised  by  Professor 
Ilamsay,  but  previously  the  aeration  was  not  specially 
tested.  We  drew  our  conclusions  tnan  tbe  usual  chemi- 
cal analyses.. 

7071.  Then  you  will  have  been  testing  the  aeration  of 
the  Leeds  filter  of  later  date — ^the  triple  filter? — ^Yes, 
and  we  have,  of  course,  recently  made  experimeirts  as 
to  the  dissolved  oxygen. 

7072.  With  the  Dibdin  and  the  other  effluents,  tha 
Dibdin  and  the  Ducat  ? — Yes. 

7079.  Weahall  be  able  to  compare  them  together? — 
Yes. 

7074.  The  point  arises  again  where  yoa  speak  of  fiish 
(Question  7068) ;  "  The  final  effluent  evidently  con- 
tained dissolved  oxygen,  for  it  was  found  to  support 
I'sh  life.'*  Perhaps  you  will  be  able  to  give  some 
figures  about  that ;  you  have  tested  tfie  aeration  of 
that  effluent  since?— Yes,  the  dissolved  ozyg^  in 
double  contact  filtrates,  whether  from  crude  sewage 
or  from  secptic  tank  efiluent,  did  not  exceed,  I  think, 
in  any  case  more  than  2  c.c.  per  litre,  and  in  some 
cascto'  t^e  filtrate  contained  no  dissolved  oxygen.  In 
the  ease  of  the  Oamenni  filters  the  dissolved  oxygen 
was  always  extremely  small,  and  may  be  said  to  be  al- 
most nil ;  and  under  the  best  system  of  double  filtration 
I  do  not  think  we  had  dissolved  cxygen  to  a  j:;reateir  ex- 
tent than  2  c.c.  per  litre. 

7075.  Speakinir  generally  of  the  Ducat  filtrate,  what 
would  the  aeration  of  that  effluent  be?— Oh,  it  would 
be  considerably  more. 

7076-7.  Considerably  more  ?— ^Considerably  more.  I 
shoidd  be  glad  to  give  you  those  figures  at  once. 

No,  I  only  want  a  general  idea. 

7078.  (Chairman.)  You  did  not,  I  suppose,  try  any- 
thing except  coarse  fish  ? — ^No,  I  did  not. 

7079.  You  do  not  know  what  salmon  would  do,  or 
trout  ? — ^No,  salmon  are  not  available  at  Leeds. 

7080.  (3ir.  Power.)  Do  you  considter  that  with  the 
double  filtration,  the  aeraton  of  the  final  effluent,  such 
as  there  is,  is  mainly  affected  in  the  second  bed — ^by  the 
second  contact  ? — ^I  sbould  think  that  any  dissoiyed  oxy- 
gen arising  would  be  due  to  the  passage  through  the 
second  bed.  That  is  evidenced  by  the  experiments  we 
made  with  the  Cameron  filters,  where  you  had  single 
filtration  of  peptic  effluents,  and  there  as  a  rule  we  found 
scarcely  any  dissolved  oxygen.  It  was  where  we  had 
double  filtration  that  we  found  dissolved  oxygen  in  the 
filtrate. 

7081.  As  to  the  suspended  solids,  is  not  this  a  question 
of  the  condition  of  the  raw  sewage  ?  Do  you  think  the 
matter  in  suspension  varies  largely  in  Leeds  f)rom  time 
to  tiine  ^during  different  hours  of  the  same  day  and  from 
day  to  day  ? — ^Very  largely  indeed,  extraordinarily  they 
vary ;  I  should  not  like  to  say,  between  20  and  lOOl 

7082.  So  much  as  that  ?— Yes. 

7083.  Even  in  ordinary  dry  weather? — Yes. 

7084.  That  has  largely  to  do,  I  suppose,  with  the 
chemical  refuse  and  iron?^^Yes,  it  is  parallel  with 
the  other  variations  that  we  find  in  the  strengtli  of  sew- 
age at  different  hours  of  the  day.  Of  course,  the  presence 
of  road  detritus  is  limited  almost  entirely  to  periods  of 
rain. 

7085.  And  the  average  suspended  matter  you  take  as 
32  ?— iCTo,  I  have  stated  in  one  case  it  was  44 ;  ihat  was 
the  average  over  19  months,  but  an  average  over  a  iQAgsi^ 
period  reduced  that  to  about  42. 

7086.  Is  that  an  average  of  daily  observaiiona-  daring 
19  months,  or  several  observations  made  in  the  course  o* 
the  same  day?--It  would  be  based  in  some  ca«4-s  upon 
observations  made  in  different  parts  of  the  same  day.  bn^ 
the  average  wa?^  an  average  obtained  from  a  very  large 
number  of  analyses. 

7087.  And  the  average  would  be  somewhere  about  44  ? 
— I  should  say  so,  roughly,  but  the  variations  are  very 
great.  * 
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7068:  Very  great  1^-1  should  'diink  the  permanent 
average  for  Leeds  would  not  be  bo  high  as  44 ;  it  might 
be  somewhere  between  40  and  44. 

7060.  {Major-General  Carey.)  Hare  experiments  been 
made  ^t  Leeds  to  ascertain  the  result  of  continuously 
llnDrking  the  filters  in  spite  of  the  reduction  in  capacity — 
%(M'king  them  to  the  end?' — ^Well,  we  did  not  work  them 
t&the  abB<dute  end,  but  we  w<Mrked  our  No.  1  and  2  beds 
imtil  the  capacity  w«fi  reduced  so  far  that  it  seemed  to 
va  that  there  would  be  no  object  in  continuing  A  further, 
because  the  quantity  per  acre  that  would  be  paesed  would 
be  «>«maiU  as  to  make  the  cost  of  such  filtration  proh'bi- 
tive. 

•7000.  You  hid  no  reason  to  ^hink  that  a  point  WtraM 
htve  been  reached  at  which  there  would  hare  been  no 
further  redaction  in  the  capacity  owing  to  the  improved 
eosidition  of  Ithe  bacteria  bed,  and  that  i  he  sa&ae.roJnme 
of  fewage  could  have  been  passed  through  it  as  when  the 
JMk  wjia  first  n^ured  iby  iacreasipg  the  rate  of  $9fw  1-^ 
I  think  probably  that  a  point  would  be  reached  when  the 
ofl|tecity  would  not  be  reduced  te^  a  further- Important  ex>- 
t^n^  but  that  would  be  when  the  volume  which  could  be 
passed  through  the  bed  was  so^mjjJl^as.t  j  make  such  fil- 
tration, from  the  point  of  view  of  cost,  impracticable.  I 
do  not  think  that  it  would  be  possible  when'  such  limit  is 
reached  to  increase  the  number  of  fillings  to  an  important 
extent.  If  you  did  that,  you  would  get  a  bad  result, 
and  you  would  get  then  a  much  more  rapid  reduction  of 
eapacity. 

7001.  You  do  not  think  that  by  increasing  the  number 
of  filUngs  the  ii^creased  rate  of  flow  throu^  the  filters 
would  produce  the  same  results  as  you  get  in  the  first 
instance,  even  when  the  loss  of  capacity  was  very  great  ? 
— It  call  be  done,  but  it  is  at  the  cost  of 'c«pacit^  reduc- 
tion. 

7002.'  As  to  the  depth  of  filters,  have  you  formed  any 
opinion  as  to  tlie  limit  of  depth  that  you  consider  moat 
efficient? — Our  experience  of  course  has  been  limited  to 
the  beds  we  have  had  at  Leed^;,  and  out  deepest  bed  was 
6ft.  So  far  as  our  experience  goes,  the  greater  depth 
gives  a  better  result,  but  I  am  unable  to  say  from  actual 
experience  how  far  increase  of  depth  beyond  6  feet  would 
give  improved  results  or  the  contrary. 

7003.  Then  as  to  the  treatment  of  storm  water  in 
filters,  do  I  understand  that  the  storm  water,  say  up  to 
5  dilutions,  could  be  passed  through  a  bacter'al  filter 
which  was  designed  to  treat  the  ordinary  sewage  ab  3 
filtings  »  day,  or  do  you  increase  the  area  of  a  filter  in 
which  you  intend  to  treat  the-  sti^rm  water  so  as  to 
have  only  one  filling  pet  day? — I  think  I  have  .said  in 
some  parts  of  my  evideiiGi^  that  I^thiojk.^t  ia  desirable,  if 
practicable  froen  the  point  of  vievr  of  cost,  to  fpve  only 
qne  filling  a  day  for  the  normal  flow,  so  as  to  be  able 
jto  increase  the  nu.'uber  of  dilutions  upon  the  bed  up  to 
6,  Ivihout  seriously  atfecting  the  condition  of  the  filter. 
But  it  is  right  that  I  should  say  that  at  Leeds  we  have 
not  been  able  to  try  experiments  inih  dilutions  on  filter 
beds.  I  think  it  is  quite  practicable  to  increase  the 
number  of  fillings  when  the  sewage  is  dilute.  The  re- 
sults, of  course,  will  be  less  satisfactoiy  in  percentage, 
but  inasmuch  as  the  impurities  are  also  less  in  the  sewage 
being  dealt  with,  the  result,  although  the  percentage 
tipbii  sueh  impurities  may  be  less,  may  still  be  good 
enough. 

'  7004.  Theti,  whenever  that  limit  of  six>rm  water  has 
been  suddenly  passed  through  an  ordinarv  bacterial 
mter,  would  not  the  effect  be  to  prevent  the  efBcdent 
adaon  of  the  bacteria  bed  for  the  treatment  of  the 
ordinaiy  sewage  ? — ^I  do  not  think  aOi.  The  reduction  of 
thd^period  of  aeration  would  tempbraSily  affect  the  work- 
ing, of  the  bed,  but  if  it  were  not  long  continued  I  do  sot 
think  it  .w«ould.  produce  any  lasting  evil  ^ect 

7095.  You  think  that  the  bed  would  immediately  revert 
.to  its  ordinary  condition  after  the  storm  had  passed? — 
Yes ;  as  soon'  as  the  normal  periods  of  rest  wero  given 

toit    , 

.  70Q(>^. (Pro feasor  ^Bamsay.)  You  do  not  suppose  the 
bactei;ia  are  washed  out  of  the  bed  by  ordinal  storm 
water  ? — No,  the  effect  of  pasaing  storm  water  over  a 
4>od  is  merely  to  reduce  the  period  of  fieratioi^  If  that 
was  continued  for  any  long  period,  I  'think  in  all  pro- 
bability it  would  destroy  the  efficiency  pf  the  filter.  If 
continued  for  some  hours  it  would  produce  n6  lasting 
evil  results. 

•'7007.  (Major-Oeneral  Carey.)  Yon  thdnik  itjwoujd  be 
quite  safe  to  pass  storm  water,  5  volumes,  through  an 
ordinary  bacteria  bed  desi^ped  to  take  tSiree  fillings, 
wv^kad  in  e^ht  Yanmf  aystienr^r'flKanoefyr'thfnM  that ; 
I  do  not  think  that  would  be  a  good  plan  to  adopt, 
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because  the  first  dilution  is  usually  quite  as  bad  or  worse        cbl. 
than  the  ordinary  sewage,  and  1  do  not  thdnk  that  it  ought  Jiacding. 
to  be  passed  at  the  rate  of  six  fillings  over  the  'bed.    The  5  5i,[^9oi. 
result  would  not  be  satiaf aotoiy.  '. 

7098.  I  mean  storm  water? — Yes.  But  the  first  dilution 
of  storm  water  is  usually  very  bad,  and  I  think  the  area 
ought  to  be  such  that  one  dilution  can  be  passed  over 
contact  beds  at  a  rate  not  exceedoig  three  finings  a  day. 
After  that  no  doubt  you  may  increase  the  number  of  fill- 
ings, because  thiS  impurities  are  greatly  less. 

7000.  You  designed  the  bed  really  to  take  four  volumes, 
say,  three  times  the  dry  weather  flow.  The  bed  woudd  foe 
able  to  take  four  times  the  diy  weather  flow  in  three  fill- 
ings a  day,  to  enable  you  to  pass  the. excess  water? — ^Ac- 
cording to  my  last  ansmrer,  the  bed  ought  to  be  designed 
for  1^  fillings  a  day,  normal  fLow,  so  that  when  you  had 
got  one  dlkition  you  would  not  exceed  three  fillings  a  day. 

7100.  With  regard  to  the  continual  loss  of  capacity,  you 
have  not  made  any  experiments  with  purely  doiiiestiuc 
senvage  oncdntact  beds? — We  have  had  no  opportunity 
at  Leeds. 

7101.  {Professor  Bamsay.)  Can  you  tell  us  the  average 
amounts  of  suspended  and  sohiible  solids  in  the  Leeds 
sewage? — ^Yes,  we  have  all  the  data. 

7102.  Are  they  given.  If  not,  perhaps  Mr.  Harrison 
will  make  a  note  to  put  it  as  an  appendix  in  the  report  ? 
-— ^ilfr.  Harrison.)  The  average  suspended  solids  are 
about  42  grains  per  gallon,  and  the  soluble  solids  will 
be  between  60  and  70 ;  they  vary  slightly. 

7103.  What  are  the  suspended  solids  composed  of  ?-^ 
'Colond  Harding.)  You  mean,  the  relative  oompoaitu)iL, 
inineral  and  oiganx. 

f '7104.  Mineml  and '  organic  ?— Roughly,  60  p'er  oeftit 
crgan'c,  40  per  cent,  mineral. 

'  7105.  Has  cellulose  been  identified  at  all  as  formmg 
part  of  the  suspended  solids  ?— I  have  not  personally  given 
attention  to  that  point. 

7106.  Do  you  know,  Mr.  Harrison ,f7-(lfr.  Hofrisan*) 
I  have  never  identifi€Ki  it 

.7107.  No  microscopic  examination  has  been  madeTr— 
Oh«  yes  ;.yoa  can  see  fibres  hv  a  microscopic  examination,, 
but  I  ne^er  identified  it  in  tne  actual  sludge. 

7108.  Have  you  any  idea  of  what  the  soluble  solida  are- 
composed  ? — {Colond  Harding.)  I  think  these  are  ques- 
tions  perhaps  Mr.  Harrison  will  answer  later  on. 

7109.  Can  you  give  us  any  idea,  Mr.  HaixOson,  as  to 
what  the  solulble  solids  are  composed  of? — {Mr.  Harri- 
son.) There  wiU  be  about  60  grains  of  mineral  matter,  and 
10  gt-ains  of  organic  matter. 

7110.  You  refer  to  the  utiHaiation  of  sewage  sludge  by 
making  it  into  briquettes  ;  has  that  been  practically 
tried  ?---{CoZone2  2far<iin^.)  Not  by  us.  The  plant  is  to  be 
erected ;  it  has  been  ordered,  and  iesbout  to  be  put  np  at~ 
thp  Xieeds  Sev^age  Works  for  the  purpose  of  ensbuing  us  to 
test  that  ourselves.  Tests  have,  of  course,  be^i  made  by 
the  inventor  of  the  process,  who  says  that  valuable  fuel 
results  are  obtained  hoon  briqueittes  so  manufactured  ; 
manufactur3d,  I  think,  to  tibe  ^ctent  of  about  one-third 
of  thcdr  ooonposition  of  sewage  sludge.  I  am  unable,  my- 
self, to.  express  any  opinion  upon  it,  because  I  have  not 
ihad  any  experience  of  such  manufacture,,  but  we  shall 
very  soon  liAve  such  results,  because  the  plant  is  about 
to  be  put  up  at  Knostrop  to  produce  about  35  tons  a 
day. 

7111.  Wovld  you  pay  those  people  for  disposing  of  your 
sludge,  or  would  they  take  it  free  ? — ^They  would  take  it 
free,  and  we  f houM  be  very  pleased  indeed  to  supply  them 
with  any  quantity  free  of  cost. 

7112.  Do  ihey  propose  <lrying  it,  or  do  you? — ^They 
propose  to  dry  it,  and  mix  it  with  coal  and  other  ingre- 
dients, a  kind  of  mineral  oil,  I  believe,  and  sell  it  in 
the  form  of  briquettes,  which  we  have  tried.  We  have 
tried  the  briquettes,  and  have  found  them  to  give  satis- 
faction. 

7113.  It  depends  entirely  on  the  proporfcioii  of  coal  du^ 
and  tar? — I  have  suggested  to  them  that  probably  th€( 
Fame  results  would  be  obtained  if  the  briquettes  did  not 
contain  any  sewage  at  all,  but  the  inventors  say  there  is 
a  fud  value  in  the  sludge,  and  that  the  briquettes  are 
wor^jh  more  with  the  30  per  cent,  of  sludge  in  them  than 
mthout.  '  I  am  quite  unable  to  express  any  opinion  upon 
it^from  personal  'knowledge. 

'7114.  C!ah  you  tell  us  how  they  are  going  to  dry  the 
sludge  ? — I  do  not  know. 

"  7116.  Ts  there  any  means  of  getting  tb  kno^  this,  or 
shall  we  have  to  wait  ? — ^I  am  afraid  it  would  be  neces- 
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Ciff,        sary  to  wait,  but  very  shortly  we  shall  have  the  plant, 
Barduig.    and  we  shall  then  be  able  to  give  you  the  fullest  infor- 
mation about  it 
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7116.  Then,  in  answer  to  another  question,  you  state, 
"  th«3  samples  of  specific  trade  effluents  were  also  sent  to 
him,  namely,  iron  Lquor  and  tan  yard  liquor.  In  refer- 
ence to  these  he  found  that  in  dealing  with  the  iron  liquor 
by  itself  there  was  at  first  considemble  oxidation  of  the 
iron  salts,  but  this  result  was  obtained  at  the  expense  of 
the  efficiency  of  thie  beds,  which  soon  became  unfit  for 
further  work."  Well,  is  it  supposed  that  the  iron  takes 
up  oxygen  which  would  otherwise  go  to  nitrification? — 
l%at  lis  so,  which  would  otherwise  go  to  the  oxidation  of 
organic  matte.*. 

7117.  Has  thait  been  proved? — ^In  that  answer  I  am 
relying  upon  the  report  of  Mr.  Dijbdin  himself.  The  ex- 
periments were  made  by  him  in  London,  and  I  hare  no 
personal  knowledge  of  them. 

7118.  In  answer  to  another  question  you  discuss  the 
relative  value  of  coke  and  clinker  as  materials  for  beds, 
and  you  say  tiiat  if  the  materials  are  used  under  equal 
conditions  as  to  depth  of  beds  and  size  of  the  material, 
good  results  should  be  got.  Do  you  think  the  specific 
nature  of  clinker  has  to  do  with  the  retention  of 
the  iron  it  contains  ? — ^I  do  not  think  tiiere  is  much  dis- 
integration of  clinker,  there  is  some  disintegration  of 
coke ;  clinker  is  harder,  and  it  disintegrates  to  a  less 
degree. 

7119.  You  do  not  think  it  is  chemically  attacked  by  the 
sewage? — ^I  do  not  th.nk  so  from  the  facts  which  have 
been  brought  to  my  knowledge  ;  it  is  a  point  I  have  not 
investigated. 

7120.  Does  Mr.  Harrison  agree  with  that? — {Mr,  Har- 
riaon.)  Clinker  is  attacked  by  the  sewage;  in  f«ct|  on 
first  starting  a  bed  fille^l  with  fresh  clinker,  it  has  been 
found  that  a  gireat  <ieal  of  solid  matter  goes  into  solution, 
ch'.efly  common  salt,  I  believe,  and  if  this  goes  on  for 
any  period  the  surfiace  becomes  brittle,  and  pieces  fall 
off,  and  we  have  ^been  able  to  find  them  in  the  effluent 
from  th^  No.  2  Whittaker  bed. 

7121.  Do  you  think  that  it  is  in  an^  way  connected 
with  the  possjible  reduction  of  the  iron  m  the  clinker  ? — 
Do  you  mean  the  removal  of  the  iron  from  the  sewage  ? 

7122.  No ;  I  mean  the  reduction  of  the  iron  in  the 
clinker.  Clinker  contains  a  quantity  of  iron  ? — ^I  do  not 
think  that  is  the  case.  Of  course  we  found  practically 
no  iron  in  the  filtrates  of  manv  material  beds. 

7123.  Then  it  is  a  washing  out  of  the  soluble  matter  of 
the  clinker  ? — Yes. 

7124.  Has  euch  a  substance  as  shingle  been  tried  by  vou 
Ski  all  U^Colonel  Harding.)  No. 

7125.  Nothing  smooth  ? — No.  We  are  too  far  from  the 
sources  of  supply. 

7126.  It  would  not  pay  ? — ^It  would  not  pay. 

7127.  In  your  answer  to  another  question  your  ex- 
perience in  view  of  deeper  beds  strikes  me  as  curious, 
I  see  you  expected  to  find  that  in  shallower  beds  you 
would  get  some  aeration? — ^My  own  idea  was  that 
<by  having  shallower  beds  you  would  probably  be 
able  to  pass  a  larger  volume  of  sewage  through  them 
than  through  deeper  beds,  and  that  would  be  much  less 
costly  to  construct.  The  idea,  therefore,  was  that  the 
periods  of  aeration  could  be  reduced,  and  so  the  number 
of  fillings  increased,  and  I  was  much  disappointed  to 
"find  that  that  result  was  not  obtained. 

7128.  It  is  a  very  disappointing  result — ^I  mean  what 
you  have  got? — ^It  certainly  disappointed  me;  I  ex- 
pected to  find  that  we  should  get  better  aeration,  and 
that  we  should  reduce  the  periods  of  aeration,  but  we 
do  not  find  that. 

712Q.  Have  these  experiments  been  made  on  an  ex- 
tended scale,  so  as  to  make  perfectly  certain  of  the 
deduction  ?— Beds  3,  4,  6,  and  6  are  all  of  the  shallower 
depths,  and  they  have  been  worked  for  long  neriodii— 
"2  years.  We  never,  in  fact,  Obtain  results  so  good  as 
we  do  with  deeper  beds — 1  and  2. 

7130.  Is  there  any  reason  for  it? — ^I  am  unable  to 
account  for  it.  It  was  quite  contrary  to  our  expecta- 
tions. 

7131.  Is  it  conceivable  that  the  temperature  of  the 
deeper  beds  is  higher,  and  that  there  is  a  leeser  draught 
up  ? — We  have  careful  records  of  the  temperature.  Mr. 
Harrison  reminds  me  that  it  is  not  greater  in  the  deeper 
beds  than  in  the  shallower. 


is  it  not — ^as  to  whether  deep  or  shallow  beds  should  be 
used  ? — ^Very. 

7133L  And  dt  is  a  question  which  would  require 
thrashing  out  to  see  whether  it  was  always  'the  case, 
unless  you  consider  your  prosent  experiments  as  satis- 
factory ? — ^No,  I  should  not  think  our  present  experi- 
ments conclusive  on  that  point.  I  should  think  cer- 
tainly any  conclusion  ought  to  be  based  on  wider  data. 
It  is  a  point  that  requires  investigation. 

7134.  Is  it  not  one  of  the  most  important  points? 
Because  in  many  oases  the  difi^ulty  in  disposing  of 
sewage  is  want  of  fall,  therefore  a  shallow  bed  might  be 
used  and  a  deeper  one  could  not  without  pumping. — ^It 
is  a  most  important  matter ;  no  doubt  land  treatment 
may  be  used  in  such  a  manner  as  to  be  the  same  as 
using  very  shallow  beds  covering  a  large  area. 

7135.  Quite  so  ? — ^Where  your  area  is  valuable  the  same 
results  could  be  obtained  by  using  a  greater  depth  of 
material  by  artificial  filtration.  It  is  largely  a  (][nestion 
of  local  circumstances  and  engineering.  If  I  might  iust 
on  that  point  remind  Professor  Ramsay  that  Mir. 
Fowler,  of  Manchester,  has  tried  a  shallow  bed  16 
inches  deep  with  good  results. 

7136.  Yes,  I  remember  that  is  so.  Coming  to  the 
questions  as  to  the  method  and  rate  of  filling  the  con- 
tact beds,  does  the  clogging  U|)  of  the  bed  not  depend 
very  largely  on  the  rate  at  which  .the  bed  is  filled?  I 
mean  destxiiction  of  the  bed  itself  will  take  place  if 
there  is  rapid  filling,  owing  to  the  exhausting  of  the  top 
layers  ? — ^I  do  not  think  the  speed  of  filling  afiTects  any- 
thing more  than  the  settlement  on  the  surface  of  the 
bed ;  I  do  not  think  it  affects  the  body  of  the  bed. 

7137.  Even  when  it  is  continued  over  a  long  time  ?— I 
think  if  the  filling  were  very  slow  probably  the  solids 
would  percolate  down  inte  the  bed  more  easily  than  if  it 
is  rushed  upon  the  bed,  in  which  case  probably  there 
will  be  more  settlement  on  the  surface. 

7138.  Is  there  anything  like  a  pumping  action  when 
the  bed  is  emptied  rapidly  and  stuff  orawn  in  from  the 
top  into  the  body  of  the  bed  ? — ^No,  because  the  speed  of 
emptying  is  so  slow  that  the  suction  downwards  'rUl 
not  be  very  great. 

7130.  That  has  not  been  noticed  ? — I  do  not  think  it 
would  be  very  impoittant,  the  suction  would  be  very 
slight. 

7140.  But  when  you  fill  a  bed  quickly  is  it  not  the 
case  that  most  of  tiie  liquid  that  runs  out  of  the  bed 
spreads  over  it? — ^Yes. 

7141.  Whereas,  if  you  fill  it  slowly  it  runs  pretty 
much  into  the  point  of  ftrsit  contact  ?---If  you  ran  very 
slowly  it  would  nearly  all  go  in  there. 

7142.  You  do  not  attach  importance  to  the  distribu- 
tion of  the  effluent  on  the  beds  ?— -It  is  a  very  important 
point  indeed. 

7143.  Do  you  regard  the  di^ribution  as  better  if  the 
bed  is  filled  quickly  than  if  it  is  filled  slowly  ?— I  think 
it  is  better  to  fill  quickly  because  you  get  conditions 
which  are  more  equalised  between  the  top  and  the 
bottom  of  the  bed.  Filled  very  slowly  you  get  most 
unequal  conditions,  and  the  bottom  part  of  the  bed  is 
scarcely  aerated  at  aU.  Personally,  I  favour  rapid 
filling.  The  disadvantages  arising  from  rapid  filling 
owing  to  surface  mud  seem  to  me  to  be  minor  difficul- 
vies. 

7144.  Have  actual  experiments  been  made  to  see  the 
comparative  rates  of  purification,  of  slow  and  rapid 
filling  ? — ^No,  not  by  us. 

7145l  It  could  be  done?— Yes;  but  I  should  expect 
this  result,  that  hj  slow  filling  you  would  get  worse 
results  than  by  rapid  filling,  because  the  aeration  of  the 
lower  parts  of  the  two  would  be  ineffective. 

7146.  I  do  not  quite  see  why?— Well,  suppose  you 
took  four  hours  to  fill  a  bed. 

7147.  Yes?— Then  the  upper  part  of  the  bed  would 
be  aerated  four  times  as  much  as  the  lower  part,  and 
if  you  took  four  hours  to  empty  it  you  would  double 
those  results. 

7146.  That  is  to  say,  that  the  lower  part  of  the  bed 
would  not  be  exposed  to  air  for  nearly  so  long  a  time  ? 
— The  lower  part  of  the  bed  would  be  scarcely  ex- 
posed to  the  air  at  all. 

7140.  Owi^  to  the  long  time  taken  in  filling  and 
emptying? — ^xes,  it  would  be  almost  permanently 
water-logged. 


7132.  It  is  a  very  important  question  as  regards  levels,  716O.  You  have  practically  in  your  answer  to  a  pre- 
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vious  question  settled  this  point.  Yon  began  bj  an 
elaborate  system  of  trough«  nlled  with  holes,  but  you 
found  the  troughs  constantly  silting  up  wiih  sludge,  and 
the  holes  very  soon  stopped  up.  That  would  mean  alow 
filling,  would  it  not  ? — ^No,  the  filling  then  was  at  the 
rate  of  about  1  hour,  but  we  found  great  inconvenience 
arise  from  the  settlement  of  sludge  in  the  tiougha,  and 
the  filling  up  of  the  holes,  and  they  required  constant 
attention. 

7151.  The  sewage  was  ran  on  to  the  beds  as  quickly? 
— Just  as  quickly. 

7152.  As  in  the  old  case?— Yes. 

7153.  With  reference  to  your  answer  to  the  next  ques- 
tion, I  should  like  to  ask  if  you  have  any  analytical 
results  of  shorter  or  longer  periods? — ^We  have  the 
analytical  results,  Mr.  Harrison  will  give  you  them. 
At  first  it  seemed  as  if  the  four  hours  contact  gave  an 
improvement,  but  continuing  the  experiments  we  did 
not  find  that  there  was  any  improvement  worth  varying 
the  period  of  contact  for.  {Mr,  Harrison.)  The  experi- 
ments are  detailed  on  page  50  of  the  Iteport. 

7154.  Thank  you,  that  will  be  quite  sufficient.  The 
method  of  sampling  in  Leeds,  how  has  that  been  done  ? 
Has  it  been  done  according  to  the  rat^  of  the  flow  ? — 
{Colonel  Harding,)  No,  it  has  been  done  at  periods  of 
ten  minutes  interval,  ten  mdnutes  at  the  start  and  i!h&n 
every  ten  minutes  for  one  hour.  No  doubt  the  result 
is  not  proportionate  to  the  flow  because  the  flow  is  more 
rapid  at  first  than  at  the  end,  but  you  have  to  set 
against  that  the  fact  that  a  contact  bed  goes  op.  trickling 
for  hours  and  days  after  ithe  hour  of  main  flow  has  been 
completed,  and  tiiat  the  best  results  are  then  obtained 
during  such  trickling  and  filtration.  That,  I  think, 
may  be  fairly  set  against  the  fact  of  the  low  rate  during 
-&  portion  of  the  flow,  and  I  think  that,  although  sam- 
ples are  taken  every  ten  minutes,  irrespective  of  the 
speed  of  the  flow,  the  samples  are  fair  samples  for  the 
experiments. 

7156.  The  only  question  is  as  regards  the  comparison. 
The  analytical  results  ought  to  be  rather  better  by 
taking  it  as  you  have  taken  it  ^--The  analytical  results 
are  better  no  doubt  taken  as  we  have  taken  them,  but 
in  that  case  in  order  to  get  the  correct  results  it  would 
be  necessary  to  add  a  certain  propopbkm  of  the  trickling 
filtration  which  has  been  left  out  oi  the  account  alto- 
gether, and  that  I  think  would  to  some  extent  equalise 
those  results. 

7156.  The  effluent  from  the  Leeds  filters  runs  into 
your  very  black  river  I  presume  ? — Yes. 

7157.  There  is  no  use  investigating  the  state  of  the 
river,  I  suppose? — ^The  river  at  Leeds  may  be  just 
looked  upon  as  a  septic  tank,  8  miles  long  and  lOOft 
wide,  for  the  treatment  of  the  sewage  of  Bradford. 

7166.  I  forget  what  is  the  distance  from  the  works  to 
the  river  ?— About  a  couple  of  hundred  yards. 

7159.  There  are  no  other  works  on  the  channel? — 
Yes,  that  channel  is  sw^amped  by  the  effluent  from  the 
lime  precipitation,  but  there  is  a  channel  from  the  con- 
tact beds  about  100  feet  long,  which  is  available  for 
examination. 

7160.  When  you  sx>eak,  for  example,  in  answer  to  a 
question  put  to  you  by  the  Chairman,  of  this  effluent 
being  rarely  liable  to  subsequent  putrefaction,  is  that 
deduction  drawn  from  the  behaviour  of  the  effluent  in 
that  channel  ?— To  some  extent  that  ia  so.  We  have  only 
noticed  in  that  channel  green  growtha,  and  no  sewage 
fungus,  but  our  results  are  obtained  from  actual  ex- 
periments in  the  incubator. 

7162.  (Mr.  KiUick.)  I  undeistand  that  we  are  now 
dealing  with  the  question  of  the  treatment  of  elowly 
settled  sewage  on  contact  beds? — Yea. 

7163.  It  would  be  necessary  clearly  to  distingiiiah 
between  the  filter  dealing  with  thoroughly  settled  sew- 
age and  pcuirjally  setftled  sewage. 

7164.  (Professor  Bamsay,)  Hb  might  be  cofovenieot 
to  take  that  question  later)— I  tninU  at  would  be 
better  in  some  respects  to  take  it  now  in  connection  with 
the  contact  beds.  There  can  be  no  doubt  that  the  ques- 
tion is  affected  very  much  b^  the  amount  of  suspended 
aolids  in  the  sewage  which  ia  being  dealt  withf 
and  our  experience  in  Leeds,  in  double  contact  beda, 
and  my  answers  in  this  examination  relate  to  the  treatr 
ment  more  or  less  of  crude  sewage  upon  the  contact  beds 
and  not  to  the  treatment  of  the  septic  effluent  upon  con- 
tact beds.  I  think  in  my  later  answers  I  have  made 
some  TCrferenoe  to  the  treatment  dt  septic  effluents  upon 
dovble  contact  and  single  contact  beds,  but  I  have 


avoided  speaking  with  any  confidence  of  the  results  of        q^^ 
those  experiments,  because  our  experiments  of  doable    Batdimff. 
contact  beds  with  septic  effluents  have  not  been  earned  ^  3i^r^goi, 
on  sufficiently  long  to  warrant  our  drawing  any  atrong     — '■ — 
conclusions.    All  my  answers  refer  to  the  treatmeat 
of  more  or  less  crude  sewage  upon  contact  beds. 

7165.  I  am  gcdng  to  ask  you  about  that.  Does  ^he 
rate  of  sludging  up  by  crude  sewage  depend  upon  the 
size  of  the  material  of  which  the  filter  bed  is  mad^? — 
The  size  of  the  material  affects  the  question  in  this  way, 
that  if  the  material  is  fine  they  are  mechanically  kept 
back  on  the  eux^ace,  and  it  wtas  found  that  with  oruoe 
sewage  upon  the  fine  bed  we  could  not  moA  more 
than  a  very  few  days  before  ^e  surface  of  the  bed  wna 
comtpletely  choked  with  suspendedjMlids.  We  found, 
from  using  a  coarse  material  for'bur  coarse  bed,  we 
were  able  to  continue  working  the  bed  for  a  considerably 
longer  time. 

7166.  Did  grading  the  material  affect  the  reaolti? 
— ^The  grading  of  the  material  is  unportant  in  my  own 
idea,  but  not  'for  that  reason — ^the  grading  of  the  ma- 
terial eeems  to  me  to  be  very  necessary.  The  mA- 
terial  should  be  of  equal  size.  If  you  use  material  of 
unequal  size  on  a  contact  bed  the  effect  of  filling  and 
emptying  is  by  gradual  movement  of  the  material  to  fit 
smaller  pieces  into  »i>ace8  between  laiger,  and  so  to 
bring  about  consolidation  and  consequent  reduction  of 
capacity.  I  look  upon  it  as  a  mo9t  important  thins 
that  in  a  contact  bed  or  in  any  filter  bed  the  mateiosl 
should  be  cti  equal  size.  If  the  mate^al  is  of  equal 
side  I  believe  the  capacity  will  be  tihe  same  whether 
the  size  be  large  or  small.* 

7167.  Then  you  regard  the  reduction  of  the  capacity 
partly  as  due  to  the  s^hifting  of  the  material  ?— I  do.  I 
regard  the  reduction  of  the  capacity  in  our  experiments 
at  Leeds  as  in  a  large  part  due  to  consolidation,  owing 
to  the  material  not  being  equally  graded. 

7168.  Then  did  the  level  of  the  beds  drop  ?— The  level 
of  the  beds  dropped  to  some  extent.  We  found  that 
after  a  while  it  was  necessary  to  put  in  additional  ma- 
terial to  bring  them  up  to  the  same  level. 

7169.  Would  that  process  go  on  for  ever,  or  does  it 
not  stop  at  a  certain  point,  in  your  experience  ? — It  ffoes 
on  undoubtedly  until  at  last  you  obtain,  as  in  beds  7 
and  8,  such  a  condition  of  consolidation  that  it  ia  no 
longer  practicable  to  work  them.  We  found  in  beds  7 
and  8  that  the  capacity  was  so  far  reduced  that  we  could 
not  work  the  beds.  We  then  did  not  screen  the 
material  or  wash  it,  but  we  simply  turned  it  over  froni 
the  bottom,  completeily  over,  looeing  it,  and  we  then 
started  again  with  the  original  capacity.  We  practi- 
cally regained  the  capitfcity,  but  rapidly  the  material 
settled  again  and  consolidated. 

7170.  You  regard  loss  of  capacity  as  wholly  due  to 
the  alteration  of  the  structure  of  the  material  ?— ^I  look 
upon  it  as  very  largely  due  to  the  alteration  of  £he 
structure  of  the  mat^ial.  To  a  great  extent  that  the 
material  was  uneaual  in  size,  and  that  the  gradual  lift- 
ing and  falling  of  the  material  tended  to  fitting  in  the 
smaller  pieces. 

7171.  Would  not  the  rate  of  filling  the  bed  affect 
that  to  a  laxge  extent? — ^Xotto  any  material  extent. 

7171*.  "So  occasional  disturbance  in  the  filling  of  the 
bed? — ^The  disturbance  is  quite  local  in  the  neighbour- 
hood of  the  in-flow.  Within  a  few  yards  of  the  in-flow 
there  is  a  surface  disturbance,  but  the  main  body  of 
the  bed  is  not  affected  hv  the  rate  of  flow. 

7172.  Dr.  Mc€k>wan  suggests  tHat  I  should  ask 
whether  any  cooxmarative  examinations  have  been  made 
of  the  nature  oi  the  solid  material  going  on  to  the 
rough  and  fine  beds  ? — ^Yes,  we  have  analyses  of  the  sus- 
pended solids  in  crude  sewage,  and  the  suspended  so^'ds 
m  the  filtrate  from  the  rough  bed,  if  that  is  what  Dr. 
McGowan  means? 

7173.  (Dr.  McGowan,)  Yes?— We  have  analyses. 

7174.  I  meant  rather  close  examination,  not  merely 
a  question  of  so  mudh  organic  and  so  much  mineral 
matter — anything  more  like  that?— I  think  not.  (Mr. 
Harrison.)  No. 

7175.  (Professor  Bamsay.)  Still,  with  regard  to  another 
of  the  questions  put  to  you,  your  second  contact  beds 
maintain  pretty  near  the  same  capacity,  do  they  not  ? — 
(Cdonel  Harding.)  Yes  there  appears,  to  be  no  loss  of 
capacity  in  fine  beds  to  give  us  cause  for  anxiety,  but 
it  IS  fair  to  remind  you  that  the  volume  of  sewage  put 
upon  the  second  beds  was  constantly  being  reduced  by 
the  redur^ir^n  of  capacity  of  the  firat  bed,  and  thii 
ttierefo--    ''  ^as  only  at  the  beginn'iiff  of  their  working 
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tio.       that  they  got  a  full  dose  ;  ^ut  1  do  nol  expect  there 
Barding.    \ro\ild  h^  in  any  case  very  much  trouble  with  the  reduc- 
BlrarTiMl.  ^^^^  of  oapaoitv  of  the  fine  beds,  because  they  receive 
— --     ^Uspend^  aoliis  to  a 'smaller  extentr  relatively. 

7176,^Tbie  average  solids  in  suspension  going  on  to 
Nos.  2/  4,  and  6  beds  ^respectively,  are  12*2,  11*3,  and 
14'3  grains  1 — ^Yes. 

'7177.  So  that  they  do  not  diffe«f  niuch?— Not  very 
widely,  but  that  of  oourse  is  greatly  less  than  the  sus- 
pended solids  going  on  to  the  rough  beds.  It  would  be 
from  about  &  liiird  .to  a  fourth. 

M  717&-  Is  it  not  the  chaiaoter  of  the  solids  thait  differ 
zftther  'than  the  amount  of  the  solids? — The  amount 
differs,  and,  I  think;  the  character* 

'  71T&.  I&  it  ^notJKJSSible*  that" fhd  cellulose  m<attef  in 
the  bed  Whibh  clb^  it  is  removed  after  passage  through 
the  first  bed  ? — •!  should  think  diat  is  so.  The  solids 
wbi«h  reaoh  the'  fine  beds  ore  m  a  more  redubeable  con- 
dition ihan  tifaoae  that  oome  to^tiie^rsfc  bed. 

'7180.  And  that  would  aocotttit  lor  the  non-clogging 
of'*fche  second  beds?— I  tliin'k  so/ 

^.  718L  Do  you  know  if  the  solids  in  suspension  which 
t^sue  from  i^e  second  contact  beds  are  putrescible  when 
they  are  separated  from  ^e  effluent.  Can  Mr.  Harrison 
tell  us? — Those  experiments  with  contact  beds  were 
almost  completed  before  Mr.  Harrison  came  to  us,  and 
I  do  not  thiilk  we  have  made  any  experiments  to  ascer- 
tain the  putrescibility  of  the  suspended  solids  in  the 
finul  filtrate  in  the  contact  beds. 

7162.  One  would  imagine  that  the  final  filtrate  in 
the  contaot  beds  wouJd  be  of  an  albuminous  nature, 
and  from  the  first  bedis  of  a  celluloid  character — -paper, 
|uxd  stuff  of  that  sort.  I  wonder,  whether  the  atuff 
that  was  retained  by  the  seconjot  beds  was  putrescible 
owing  to  its  character  ? — That  was  retained  ? 

.7183,  The  suspended  solids? — That  came  out  in.  the 
filtrate?' 

^  '7184»  l^at  -came  out  ? — 1  am  unai^e  to  answer  the 
question.  I  ehouid  tiiioik  it  likely  that  they  would 
be  non-puitrescible. 

7185.  la  ^^  first  flush  6f  effluent  from  the  second 
comtaH  bed  pu^areeaible  ?— The  first  flush  would  certainly 
ooniain  putrescible  solids. 

7186.  As  it  always  does? — ^Yes.    • 

7187;  Is  it  not  possible  that  a  certain  loss  of  capa- 
city comes  frbm  the  very  large  amount  of  water  which 
is  retained  by  the  sludge? — ^Tes,  every  grain  of  sus- 
pended solids  in  the  filt^  holds  up  nine  grains  of  water 
with  it,  and  there  is  no  doubt  that  the  loss  of  capacity 
largely  af&es  Mid' t^' fact  that  tfiie  ^ter  does  not 
empty.  The  material  on  the  surface  of  the  coke  retains 
ahd  holds  up  ^a  certain  quantity  tif  liquid. 

7188.  Is  that  a  true  loss  of  capacity? — ^It  is  practi- 
.    cally  a  loss  of  capacity. 

7180.  Jn  fillinff  and  emptying  ?— That  is  so.  After 
reasonable  penioas  of.  taeration  the  bed  does  not  empty. 

7190.  We  have  ffot  very  much  the  same  thins  in  our 
own  lungs.  We  do  not  completely  empty  our  lungs — 
only  partially.  ' We  take  in  a  breath ;  there  ia  an  ex- 
change goijQg  on  between  carbonic  acid  and  oxygen^  but 
the  change  goes  on  equally  well — ^just  as  well  as  if  we 
were  to  empty  our  lungs  altogether  ?— Yes,  only  you 
add  solids  and  accumulations  of  the  bed ;  and  these  re- 
tain additional  liquid. 

7191.  Is  not  that  liquid  exchanged  for  the  fresh 
liquid  which  goes  in? — ^Very  likely,  "but  an  increasing 
quantity  of  liquid  is  being  retained.  As  the  accumula- 
tions increase  the  spongy  matter  is  increased,  and  there- 
fore an  additional  quantity  of  liquid  matter  is  kept 
back,  and  if  the  period  of  rest  is  the  same,  say,  four 
hours  in  a  cycle  of  eight,  then  in  that  four  hours  in^ 
cieasingly  less  liquid  comes. out,  and  more  i^  retained 
in  the  bed. 

7192.  And  inorestingly  leea  oxygen  gets  aooess  to  the 
liquid,  I  suppose  f— -Yes. 

7193.  That  is  the  main  difficulty.     In  another  of  the 

Questions  put  to  you,  yO'^^  discuss  the  question  of  the 
igestion  of  the  suspended  solids  in  your  bed.  Is  it 
possible  to  get  definite  data  as  regards  this  cUgestion? 
— ^I  think  tne  answer  given  to  the  question  to  which 
you  refer  is  based  upon  insufficient  data,  namely,  on* 
experiment,  to  warrant .  anything  like  definite  conc)i» 
fions. 

• 

7194.  Are  any  experiments  being  made  of  the  land? 
r^No,  it  aeema  to  be.  very  difficult  to  aaoertain  the 
amount  of  digestion  of  suspended  solids  by^oontact  beds. 


7195.  But  yoti  believe  that  digestion  does  t^e  place? 
— Oh,  I  think  undoubtedly  digestion  ^dioes  take  place,  but 
I  am  afraid  it  may  exaggeration  to  say  that  it  eactenda 
from  60  per  cent,  to  70  per  cent.  1  think,  probably,  it 
would  be  found  to  ^be,  judging  from  what  has  been  done 
by  septic  tanks  not  quite  go  large,  between  50  and  60 
probaoly. 

7196.  I  was  just  going  to  aek  you,  do  you  think  it  is 
as  effective  as  a  septic  tank  ^I  do  not  see  why  it  s&ould 
not  'be  as  effective. 

7197.  One  is  aerobic  and  the  other  anaerobic.  Is 
not  an  aerobic  process  better  than  the  ajiaeiobdc?— The 
data  we  have  would  seem  to  show  tbat  aa  good  zeaulta 
ware  obtained^  by  aer/0>bic  as  by  anaerobic  change,  thaa 
€cq>erimeni  upon  thoa  rougih  bed  referred  to  in  my 
apflWer^  you  see,  S^V^ results  which  are  somewhM  over 
those  wMch  have  been  obtained  by  anaesobic  action  in 
septic  taiUro. 

'  719Bs.  Do  you  'think  thiat  after  the  digestive  action 
hae  i^e  in  a  septic  tank  from  the  beds  which  are  used, 
that  the  effluent  frtfrn  the  septic  tanks  would  alao  go  on 
digesting  any  aludge  that  mig^t  be  carried  over  to  the 
septic  ttuik  ?-— To  some  extent  no  doubt  just  as  if  those 
soJidfi  which  go  out  in  the  effl'uent  were  retained  in  the 
tank  iteelf .  I  see  no .  reason  why  some  proportion  of 
ddgeetion  should  not  take  place  in  regard  tu  those,  aa  in 
regnrd  to  those  left  in  the  tank. 

7199.  Unless  it  was  held  that  the  substance  thai 
escapes  from  the  tank  is  inddgeetible  ? — ^But  that  is  not 
so.  .  We  find  that  tiie  anaJyaes  of  the  suspended  sodida 
comdi^  out  of  the  septic  tank  is  the  same  as  that  of  tha 
sludge,  namely,  one  half  mineral  and  one  half  organic 

7200.  Still  it  is  la  question  of  wibat  is  the  nature  of 
the  organic  matter.    One  mig^  be  digestibJe  and  the 

ler  not?— 'Yes. 


7201.  You  maike  a  very  jfrnpoitant  statement  in  the 
end  of  your  answer  to  one  of  the  quesfcdons  addressed  to 
you  by  the  .GSiAiximan  :^*  But  I  bttTe  come  to  the  oon. 
clpsion  that  for  Leeds  sewttge  the  system  of  inter- 
mitteikt  or  contact  filtration  is  impnicticable,  aJittiouji^ 
golod  ^tnaiee  are  oertainly  obtaaned.'*  Are  you  quite 
convinced  of:  that,  absolutely  ?—£o  f ar<  aa  the  treatment 
of  crude  sewage  upon  contaot  beds  is  concerned  I  am 
quite  sattisfied  that  it  would  be  (impracticable  for  us  ifi 
do  it,  because  of  the  veiy  largB  and  very  costly  atea  of 
the  beds  which  would  be  required. 

7202.  Would  introduettng  septic  tanks  reduce  the  area 
of  those  beds  very  ■  materiially  7 — Yes,  Idie  reduction  of 
capacity  would  pr(^bably  be  considerably  lees. 

7203(.  But  indudang  i)he  area  of  the  septic  tanks  and 
the-  area  of  the  beds  i^ogei^er,  is  the  total  area  of  land 
coveied  reduced  ? — I  hare  not  calculated  out  what  the 
relative  area  wpuld  be,  but  I  should  think  it  probably 
would  be  consddeziaibly  less  with  septic  tanks,  ajid  1 
think  the  cost  of  septic  tanks  would  be  distinctly  less 
th'an  the  cost  of  flltetto. 

7204.  Would  you  take  into  account  also  the  necessity 
of  repairing. the  filteijs  if  they  are  used  for  intermittent 
nitration,  in  comparison  wiih  the  cost  of  filtration  in 
connection  with  septic  tanks  ? — ^Repairing  filters  1 

72QB«  I  mean  renewing  the  material,  and  to  on  ? — The 
eosb  of  renewMig  materiial  or  sorting  material  would 
obviou^  be  vei^  j^uch.  greater  if  you  are  dealing  with 
erude  sewage  than  wath  septic  tank  effluent,  beoauss 
choking  would,  be  very  much  more  frequent  and  sorting 
would  be  very  mudh  more  frequently  necessary. 

7206.  Can  you  give  any  definite  numerical  statement, 
or  hare  you  formed  any  in  your  own  mind  which  would 
enable  the  whole  question  to  *be  gone  into  from  a 
pecundaiy  i>odnt  of  ynemt-^It  js  a  subjxTt  which,  of 
oourse,  we  h^ye  oarefully  oonsidered  in  connection  with 
the  proposed  treatment  of  the  Leeds  sewage,  and  we 
have  based  our  opinion  upon  the  results  which  we  have 
ascertained.  ,  We  found  that  in  dealing  with  crude 
sewage  the  oapadity  w*as  so  far  teduced  that  in  order  to 
niaitttai^  it,'  it  Wm  necessary  to  wotk  the  filters  at  snoh 
a  slow  rate  that  atn  immense  area  Wodld  be  requared, 
and  the  cost  of  filtering  material  and  the  constraction 
of  filter  beds  was  verjr  great.  We  ooildoded  that  this 
sy^^t^  iyf^edt^lsnt.  Woifld  l>e  imfffadbicalM^  f&e  LMs; 
that  it  wMld  be  beMet  to  rdduc^  th^  airea  of  the  fUteirs 
br  4n<flrod^i<nng  ■  ^<n»e  preHimnary  treatmSii^  with  tfie 
risw  to  it^ii^Q  ¥ii&  sfinomit  (»f -suspended  solids  to  be 
deia.lt  tH^'h'  oil  \h<Me  ftlt^  beds.  ""      ' 

7207.  It  appears  to  m^  that  there  are  two  questions, 
■firsi  pf  all  with  regard  to  the  extent  pf .  the  land»  to  be 
covered,  secondly  the  amount  of  work  to  be  spent  upon 
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ih^  fil^ievft.  TtJsing.'thttt  firat,  do  you  ibink  tihat  the 
area  of  a  septic  tank,  plus  filtering  beds  would  be  leas 
than  tihe  area  of  a  filter,  bed  if  the  orude  seiwiage  were 
turned  on? — Yes. 

7206.  Secondly,  that  the  cost  of  turning  up  the  filter 
beds  whtoh-  had  orude  seiwage  run  on  in  onler  to  get  the 
required  rate  of  filtration,  would  be  very  lauch  greater 
than  the  «oat  of  turning  up  filter  beds  when  the  filter 
bed  tuQoeeded  the  septic  tank  treatmeni  T-^-Un- 
4oubtedly. 

'  7200.  I  get  to  the  fact  that  in  tbe  firet  oaae  they 
would  often  require  to  be  turned  up  and  renewed,  and 
in  the  second  case  thcT  would  not? — Yee,  in  the  firet 
caae  we  aa^wified  ouiaeiTee  thayt  it  would  be  far  be^r 
tp  have  a  preliminary  pioceea  for  reducing  the  amount 
oif  suspended  eolide  to  be  dealt  with  on  the  filter  than 
to  deal  wiith  the  wffaole  of  them  on  the  ^ter.  The  filter 
acts  very  readily  on  dissoihred  impurities,  but  very 
slowly  upon  suspended  impurities. 

7210.  Dr.  McGowan  reminds  me  that  in  answer  to 
another  question  put  to  you  by  the  Ghairman  you  say 
Sheffield  is  an  instance  of  treating  crude  sewage  on  con- 
tact  beds,  but  the  first  beds  have  clogged  up  badly,  and 
the  management  thinke  of  abandoning  this  treatment? 
— I  hare  no  knowledge  of  that.  9he  last  time  I  heard 
anytiiing  of  it  the  memibera  of  the  Sheffield  Oorponation 
came  to  Leeds,  I  think,  some  six  or  eight  months  ago, 
«nd  t^ey  told  me  thait  the  analytioal  results  were  ex- 
tremely good,  and  I  satisfied  myself  when  I  was  at 
Sheffield  that  that  was  so,  and  I  hare  also  seen  the 
report  of  the  Bayers  Board  upon  it.  The  results  are 
good,  but  there  was  no  in<form)aitdon  of  any  kind  ol  the 
reduction  of  oapacity.  ^ey  bad  lio  means  of  testing 
the  oapaoity.  The  beds  were  banked  up  wotth  earth, 
and  there  was  considerable  leakage,  I  Mlieve,  of  the 
oeiwage  that  went  into  the  bede,  and  there  was  no 
means-  of  testing  it.  I  pointed  out  to  the  deputation 
that  came  to  Leeds  how  important  it  was  before  they 
entered  upon  any  oonsideiahle  expepdiiure  in  that 
Erection  that  they  should  satisfy  themsedyes  as  vo 
where  the  capaoity  was  or  was  not  being  reduced.  Hhey 
iq^ipreoiated  the  impoptanoe  of  that,  and  sai^l  they  would 
endeavour  to  do  so,  but  so  far  as  their  ezpenienoe  had 
gone,  judging  fxom  the  time  it  took  tbem  to  pomp  to 
fill  the  bed  t^ey  had  not  noticed  any  material  reduction 
of  capacity.  I  haye  no  knowledse  of  their  finding  that 
they  haye  choked  up  the  beds,  luiough  I  should  not  be 
surpnsed  if  that  result  had  been  obtained. 

7211.  Perhaps  Mr.  Frye  oouM  tell  us  that  ?— (M r. 
Frye.)  I  vrent  to  Sheffieild'  last  Mkxndiay,  and  the  aera- 
tion beds  were  very  bad  indeed.— ^Colonel  Harding.)  1 
fbresaw  that  result. — (Mr.  Frye.)  And  the  chemist  told 
me  that  he  would  not  adyise  a  scheme  at  all  where  the 
sew*age  was  not  subjected  to  preliminary  treahment. 

7212.  {pr.  Bussfll.)  I  suppose  this  question  of 
capacity  is  a  ^^rj  vital  one  in  its  bearing  on  the  prac- 
tical yahie  of  filtration? — It  is,  of  course,  a  vital  point 
in  regard  to  the  question  of  expen3iture  and  mainte- 
nance. 

7213.  I  dkm  yery  much  interested  with  the  conclusion 
of  an  answer  you  gave  to  a  question  put  tx>  you  by  the 
Chairman,  in  whiSi  you  say: — "ilf  a  material  can  be 
found  for  contact  beds  of  even  size,  and  not  liable  to 
reduction,  the  life  of  the  beds  would  be  greatly 
lengthened,  for  loss  of  oapaoity  is  due  I  belieye  more 
to  reduction  and  consolidation  of  the  material  of  the 
bed  than  to  the  undigested  matters  brought  down  by 
the  sewage/*  and  then  in  your  laot  sentence  you  aay 
''  the  question  of  the  material  which  can  pDactioally  be 
ased  is  necessarily  depejident  on  local  conditions/'  and 
your  contribution  now  is  wiholly  whAt  has  been  your 
local  experience  on  the  material  ayailabie  Y— Certainly, 
I  have  in  this  examination  limited  my  answers  to  Leeds 
experience. 

7214.  So  that  it  would  be  of  great  importance  for  the 
Oommission  to  have  experience  with  other  material 
which  is  economically  available  in  other  looalities  with 
reference  to  this  question  of  loss  of  oapaoity  ? — Yes,  the 
experience  T  think  is  available  There  have  been 
many  instances  in  which  burned  clay  has  been  used, 
and  in  wihich  cobble  stones  have  been  used,  for  instance 
at  Southwold  I  think  they  haye  filtering  beds  made  of 
fine  cobblestones,  and  there  are  instances  in  dilFerent 
narts  of  the  country  where  yarieties  of  materials  haye 
been  used.  Personally  I  do  not  think  it  matters  any- 
thing from  a  chemical  point  of  view  what  the  oomposi- 
tnon  of  the  material  is,  but  it  matters  exceedini^ly  what 
hhe  fl'ize  of  it  is,  and  the  durability  in  regard  to  de- 
gradation. 


7215.  So  that  it  would  be  possible  from.^a  theoretical.      Cair^ 
point  ol  view  to  form  an.  .idjsal' of  what  r  would  be  i^tie    ^<*p<ftgw 
Dest  filter  material? — ^I  think  so.'    My  own  idea  would ^t ifmr-^y>i 
be  spheres  sufficiently  hard,  to  maintain  thi^-r  form.      . ,.     -zrr- . 

7216.  But  practically  it  would  come  t6  he  what  mats^ 
rial  nearest  approaching  this  ideal  is  available  in  the  pttr^t 
ticular  locality  ? — ^Yes,  the  important  thing  seems  to  me 
to  be  that  the  material  should  .be  of  equal  size.      •'•        v 

7217.  I  think  Professor  Ramlsay  spoke  about  grayei ; 
ihat  would  come  pretty  near? — Yqa,  if  it  were  of  equal 
size. 

7218.  If  it  were  of  equal  size,  that  is  the  trouble,  and 
you  thought  granite  chips  also,  although  of  no  use  to 
you,  mighi  be  if  they  were  available  9—1  think  so,  if  it 
were, not  in  the  form  too  much  oi  slabs  ;  if' it  approxi- 
mated to  the  cubical  form  or  to  the  spherical  form. 

7210.  There  Is  a  sort  of  granite  meal  which  is  used  iot* 
repairing  road  purposes  ;  I  think  it  is  madte  mechanicidly'  , 
by  the  machine  grinding  granite — that  would  be  good  ? 
— I  think  where  a  fine  material  could  be  used  that 
would  be  very  good.     Of  course,  the  adyantage  of  granite 
would  be  that  it  is  not  easily  reducible. 

7220.  Then  it  is  of  importance  that  it  should  not  be 
friable? — ^I  think  that  is  very  imiportant. 

7221.  And  it  wo;Ald'  be  important  that  you  should  get 
something  which  was  not  friable  and  which  was  yet  per*  • 
ous? — ^I  do  not  4Jiiuk. tihe  porosis  is  very  important 

7222.  You  do  not  think  so  ?--No. 

7223.  Kot  in  ^tending  the  area? — ^I  tMnk  with  pieces 
of  coke  which  i^ery  porous,  the  pores  are  permanently 
filled  with  liquid,  and  the  action  is  very  much  the  same 
as  that  of  the  surface  of  a  rounded  pebble: 

7224.  And  chemical  constitution  would  come  in  in  a 
measure,  as  it  does  in  connection  with  this  iron  ques^on, 
but  that  would  only  be  in  the  rai^r  conditions  with 
manufactures — ^I  suppose  trade  effluents  ?r-I  do  not 
think  that  the  chemical  constitution  of  the  material  is 
very  important.  I  think  it  is  more  mechanical  con- 
ditions than  chemical  which  affect  the  question. 

7225.  Tou  think  that  the  ideal  is  equally  sized  srayel  ? 
— I  think  equally  sized  gravel  would  do  very  well: 

7226..  (Mr.  Killick.)  You  have  put  your  evidence  so 
admirably  before  us  that  I  only  want  to  ask  a  few  ques- 
tions to  emphasise  the  conclusions  that  you  have  come 
to.  All  these  experiments  we  are  now  dealing  i^ith  on 
contact  bedjB  are  on  virtually  crude  sewage  ?— That  is  so. 

.  7227.  And  you  have  come  to  the  conclusion  that  in 
Leeds  it  is  in^racticable  to  treat  crude  sewage  on  two 
Gontict  beds  ?— Yes.  - 

7228.  On  accounc  of  expense? — Yes. 

7229.  Of  course,  that  would  not  apply  to  the  treatment 
of  thoroughly  settled  sewogo  on  ccHitact  beds  ? — ^No. 

7230.  You  do  not  condemn  that  ? — No,  if  you  are  deal- 
ing on  contact  beds  with  thoroughly  settled  sewage  I 
think  that  you  would  bring  about  conditions  .that  would 
make  it  very  possiiblo  indeed  to  work  for  many  years 
without  ohoking  the  filter? 

7231.  And  there  would  be,  of  course,  a  great  difference 
in  the  treatment  of  sewage  in  t^  case  of  a  town  where 
the  sludge  could  be  sent  to  sea  ? — ^Yes,  where  there  are 
facilities  for  sending  the  sludge  to  sea  it  may  be  well 
worth  while  eyen  to  chemically  precipitate  the  suspended 
solids  60  as  to  pass  upon  the  filters  a  liquid  containing 
merely  dissolved  impurities. 

7232.  And  the  figures  you  have  presented  to  us  of  the  ■ 
loss  of  capacity  on  contact  beds  of  course  refer  to  the 
ooncaet  beds  treated  with  this  virtually  raw  sewage  ?*- 
Yes ;  and  I  should  like,  if  you  would  allow  me,  just  to 
remind  the  members  of  the  Commissior  fhat  although 
many  of  our  experiments  were  with  screened  sewig*?,  it 
was  in  effect  crude  sewage  although  screened,  because 
the  matters  Fcreened  off  do  not  usually  :ome  ;iito  the 
analyses.  Tho  amount  of  finely  divided  solids  wonid  be 
almost  the  maximum  amount,  althouprh  tlie  sewage  was 
screened — of  course,  tea  leaves,  corks,  matches,  and 
little  bits  of  paper  and  sj  forth  do  not  come  into  the' 
analysis  usually. 

7233.  And  the  experiuionts  in  other  places  which  lead 
us  to  believe  contact  beds  ought  to  lose  between  35  and 
40  per  cent,  of  their  capacity  and  remain  constant,  of 
eourse,  are  not  affected  by  these  experiments  of  yours  7 
^-No,  but  I  must  say  I  doubt  the  possibility  of  per- 
manently maintaining  the  capacity  unless  what  is  put 
jpon  the  filter  beds  is  almost  wholly  free  fiom  sus- 
pended matters.  My  experience  at  Leeds  shows  that 
the  suspended  matters  are  to  some  extent  reducible. 
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CU.        proibably  to  the  extent  of  50  per  cent     Tiiey  are  redu- 

Harding,    edible,  and  if  fine  (filters  are  used,  and  these  irreducible 

5  MtfTifiOi.  AUMtteni  do  not  come  out,  they  must  of  necessity  remadn 

— '' —    '  oehiad,  and  ultimately  poesibly  at  long  periods,  it  tliere 

are  not  very  imany  of  these  solids,  bring  about  accumu- 

lationfl  in  the  bed. 

7234.  Take  the  case  of  the  Roscoe  bedls  at  Manchester, 
ivith.  'which  I  think  you  are  acquainted? — Yes. 

7235.  They  think  that  after  five  years  they  are  main- 
taining something  like  a  uniform  capacity  ? — But  what 
they  have  been  dealing  with  on  those  beds  is  thoroughly 
oettled  sewage. 

7236.  Exactly  ? — Containing,  I  think  Sir  Henry  Roscoe 
told  us,  only  about  3  grains  of  suspended  solids  per  gallon, 
you  may  almost  say  sewage,  free  of  the  suspended  solids. 

7237.  In  those  beds  they  have  observed  a  piling  up  of 
the  surface.  Have  you  observed  anything  of  the  same 
kind  at  Leeds  ? — ^No. 

7238.  Have  you  any  information  as  to  the  cause  of  it  ? 
— Li  Manchester  I  should  think  probably  there  would  be 
some  ultimate  accumulation  of  irreducible  matters,  and 
these  irreducible  matters  would  become  added  to  the 
body  of  the  filter,  and  so  gradually  raise  the  level  of  it. 

7230.  Yes,  that  the  irreducJble  matter  that  goes  on  to 
the  filter  which  causes  you  so  much  trouble  may  under 
certain  circumstances  appear  at  the  top  ot  the  filter? — 
Yes,  on  a  fine  filter  it  would  probably  be  kept  back  on 
the  surface. 

7240.  And  that  matter  being  taken  out  and  dried  and 
put  back  would  make  for  the  life  of  tS^  filter? — ^Well, 
if  these  matters  were  not  in  a  finely  divided  form,  if 
they  aggregated  into  little  lumps,  I  think  it  is  possible 
they  might  be  considered  as  being  added  to  the  material 
of  the  filter,  but  I  am  rather  sceptical  of  the  permanent 
life  of  any  contact  bed.  It  is  a  mere  question  of  time 
and  practicability  that  I  think  ultimate  accumulation 
must  arise  if  there  are  any  suspended  solids  going  on  at 
all. 

7241.  Of  course,  upon  the  life  of  a  filter  depends  the 
cost  of  the  treatment  of  the  sewage? — ^Yes. 

7242.  And  therefore  it  really  becomes  a  matter  of  cal- 
culation as  to  the  edvLsability  of  adopting  some  system 
after  it  is  once  proved  that  by  that  system  you  can  get  a 
satisfactory  result? — Quite  so,  it  is  a  question  of  practi- 
cability. 

7243.  (Chairman,)  Let  us  now  pasc;  on  to  the  septic 
tank  experiments.  Your  object  in  these,  I  suppose, 
was  to  find  some  preliminary  treatment  of  your  sewage 
which  would  facilitate  filtration  by  withdrawing  a  con- 
siderable part  of  the  suspended  solids? — ^Yes,  and  we 
hoped  that  the  solidis  so  withdrawn  would  to  a  great 
extent  be  disintegrated  and  changed  to  liquid  and 
gaseous  products  by  the  anaerobic  action  of  the  septic 
tanks. 

7243*  On  what  scale  were  these  experiments? — On  a 
scale  sufficiently  large  to  be  considered  practical.  We 
have  been  dealing  with  over  two  million  gallons  a  day 
in  various  septic  tanks. 


(a)  We  had  ^first  an  installation  upon  designs  sub- 

mitted hy  the  Cameron  Syndicate  at  Exeter^ . 
aiad  ooDsieting  of  two  covered  septic  tanka 
ttach  54ft.  by  10ft.,  and  dft.  deep  at  deepest 
end.  Thesie  were  connected  wvbh  six  filter 
beds,  some  of  coke  and  some  of  clinker,  by 
m^ans  of  automatic  filling  and  emptying  geai^ 
ana  dealt  wihh  40,000  (:{Dl''nB  a  day. 

(b)  Then  we  had  a  sehee  of  open  septic  tanks  on  a 

larger  scale.  The  tanlus,  Nob.  1,  2,  and  3, 
had  each  a  capacity  of  250,000  gallons,  and 
were  worked  inidependently  at  different  speeds 
of  flow. 

(c)  We  had  also  a  tank  in  two  compartments,  with  a 

joint  capacity  of  500,000  gallonct,  and,  (d) 
finally  three  tanks  working  in  series  and 
having  a  joint  capacity  of  over  one  miUioa 
gallons. 

7244.  How  long  have  these  experiments  been  going 
on? — The  No.  1  septic  tank  was  started  on  February 
27,  1809,  and  all  the  others  within  a  few  months  after, 
and  they  have  been  working  ever  since,  that  is,  fzom 
li  to  two  years. 

7245.  What  opinions  have  you  formed  of  the  relative 
value  of  open  and  closed  septic  tankstl — The  queetioa 
whether  sc^o  tanks  should  be  closed  or  not  is  of  im- 
portance  in  view  of  the  considerable  extra  coet  of  roofing 
them  in.     The  advantages  claimed  for  closed  tanks  are : — 

(1.)  That  the  jx>ofing  excludes  the  air  from  the  aurfaoe 
and  promotes  better  anaerobic  oondi'tiooa. 

(2.)  That  the  resultant  gaeies  are  under  control,  and 
can  be  utilised  for  lighting  or  heating. 

(3.)  That  evil  odours  are  prevented  from  esoaping. 

(4.)  Thait  the  heat  of  the  sewage  is  better  maintained. 

The  experience  of  Leeds  shows  that  wihatever  results 
were  obtained  from  the  closed  septic  tanks  were  equally 
well  obtained  by  the  open,  and  that  the  scum  which  fonna 
on  septic  tanks,  itself  soon  gives  a  cheap  automatic  loof, 
which  is  chiefly  of  value  in  preserving  the  heat  in  the 
sewage,  the  floating  suiface  being  a  htA  conductor.  It 
was  found  that  the  average  loss  cS  heat  of  the  sewage  in 
passing  through  the  open  septic  tanks  was  1*6^  F.,  while 
through  the  closed  it  was  -8^  F. ,  and  the  difference  is  too 
small  to  warrant  the  expense  of  a  roof  on  this  account. 
The  heating  value  of  the  gases  is  not  great,  and  the 
roofed-in  septic  tanks  are  really  gas  holders,  and  except 
under  proper  care,  may  become  a  serious  source  of  danger. 
In  the  open  septic  tanks  the  gases  produced  are  at  once 
dispersed.  For  the  most  part  they  are  inodorous,  no 
appreciable  nuisance  having  aiisen,  though  the  effluent 
itself  is  more  or  less  offensive.  But  Leeds  sewage  is 
diluted  and  mixed  with  trade  effluents,  and  no  doubt 
where  strong  domestic  sewage  is  being  treated,  greater 
nuisance  may  arise,  and  the  roofing  become  necessary, 
though  it  would  only  be  effective  if  the  gases  were  burned. 
In  appearance  the  effluents  obtained  from  the  open  and 
closed  septic  tanks  were  identical,  whilst  from  a  chemical 
point  of  view  no  distinct  difference  can  be  detected. 


Average  of  Analyses  referring  to  Effluents  from  Open  and  Closed  Septic  Tanks. 


Grains  per  Gallon. 

• 

Total 
Solids. 

Suspended 
Solids. 

Free 
NH,. 

Alb. 
NH^ 

Oxygen 
Abi^orbed 

(4hr8.,80''F.). 

Effluent  from  Open  Septic  Tank  (No.  1) 
Effluent  from  Closed  Septic  Tank  (No.  1)     - 

77-6 
77-9 

131 
12-8 

1-83 
1-8 

•455 
•437 

418 
4-82 

7246.  Describe  to  us  briefly  :he  development  of  action 
in  a  septic  tank  I—When  a  septic  tank  is  first  started,  a 
simple  settlement  of  afuepended  matters  takes  place,  and 
the  effluent  is  similar  in  colour  to  the  sewage,  being  in 
fact  mere   settled  sewage.     Several  weeks  pass  before 
there  is  in  Leeds  sewage  any  fermentation  in  the  tanks. 
Then  bubbles  begin  to  arise,  slowly  at  first,  and  after 
two  or  three  months  more  actively,  until  about  the  fourth 
month  accumulations  of  gas  in  the  deposit  come  up  at 
intervals  with  considerable  violence,  lifting  with  tiiem 
masses  of  the  black  deposit  to  the  surface.     Most  of 
tliese.  liberated  of  their  gas,  go  down  again,  but  some 
'^oat  supported  by  gas,  and  become  entangled  with  light 
floating  matters  such  as  corks,  matches,  etc.     These  are 


driven  by  the  wind  to  one  side  or  corner  of  the  tank, 
and  form  a  scum,  which  gradually  spreads  over  the 
tank.  Exposure  to  air  and  sun  hardens  and  dries  the 
surface,  which  becomes  to  some  extent  impervious,  the 
gas  escaping  here  and  there  through  cracks,  and  deposit 
brought  up  from  the  bottom,  held  up  against  the  dry 
upper  surface,  becomes  entangled  with  it,  and  so  in 
time  builds  up  a  thick  floating  soum,  which  may  vary 
from  1  or  2  inches  to  1  or  2  feet  thick.  In  the  case  ci 
strong  gales  thiF  scum,  especially  in  its  thinner  form,  is 
often  driven  by  the  wind  and  crumpled  up  like  pack 
ice.  so  that  portions  of  dry  scum  stand  out  sometimes 
12^  or  more  over  the  surface.  The  surface  of  the  scum, 
eitp^ially  in  summer,  is  like  earth,  and  seeds  falling 
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upon  it  soon  begin  to  giow.  We  have  found  our  scums 
Tary  very  much,  being  sometimes  sufficieintly  xMck,  to 
bear  the  weigbt  of  a  man,  and  at  other  times  ctisappetr- 
ing  altogether.  We  found  as  a  roQe  that  thej  were 
thmner  in  winter,  but  the  Taxdatioii  seemed  for  the 
most  paii  to  be  due  to  aooddentad  meohainiLoal  caosw. 
In  the  cohered  septic  tan£s  the  soum  Yaiies  much  \ea^ 
as  the  surface  is  not  exposed  to  the  (heat  of  the  sun  or 
the  action  of  wind.  Wndlst  these  changes  bave  been 
taking  place  in  the  contents  of  'the  tank,  the  character 
of  the  effluent  obtained  has  also  altered.  At  first  the 
eutflow  has  all  the  characteristics  of  settled  sewage,  and 
at  Leeds  is  yellow  in  colour  owing  to  the  presence  of 
iron.  As  the  putrefaction  of  the  sediment  in  the  tank 
proceeds,  the  effluent  becomes  darker  coloured  and 
almost  black,  adid  somewhat  offensive  owing  to  the 
solution  of  some  of  the  products  of  bacterial  action, 
and  the  production  of  suilphides  of  iron.  The  gases 
erolved  are  inflammable  (mostly  manAi  gas),  and  no 
doubt  with  a  sufficient  area  of  covered  septic  tanks,  they 
might  be  used  for  heating  and  lighting  purposes.  The 
«;liliient  contains  finely  divided  suspended  solids  in  vary- 
ing quantity.  With  a  normal  24  hours'  flow  the  average 
of  suspended  solids  coming  from  a  new  tank  was  about 
8  grains  per  gallon,  but  as  the  capaei^  of  the  tanks 
l>ecame  reduced  by  accumulation  of  deposit  the  average 
rose  to  over  16  grains  per  gallon,  and  at  times  to  mudi 
more.  The  average  of  suspended  solids  in  Leeds  sewage 
is  40  to  44  grains  per  gallon,  so  that  when  the  tanks 
were  working  well  the^  kept  bacE  80  iper  cent,  of  sus> 
pended  8oli&,  and  this  propoition  wtas  gradually  re- 
dficed  to  60  per  cent. 

7247.  What  rate  of  flow  did  you  find  the  most  effective? 
— ^This  was,  of  course,  an  lumiportant  point  to  settle.  We 
tried  our  first  tank  at  the  24  hours   rate,  that  is,  the 
flow  was  such  as  to  fill  the  tank  in  24  hours.    We  also 
tried  a  tank  at  dmible  ithis  speed,  that  is,  at  a  12  hour 
rate,  and  another  at  half  speed,  that  is  a  48  hour  rate ; 
and  when  we  were  working  three  tanks  in  series  at  the 
24  hour  rate,  that  is  lat  a  rate  to  fill  the  three  tanks  in 
24  hours,  the  epeed  of  flow  in  regard  to  the  first  tank 
was  three  times  this  rate,  or  such  as  to  fill  that  par- 
ticul»r  tank  in  eight  hours,  so  that  we  got  results  of 
Bpeeds  from  8  hours  to  48  hours.    If  the  rate  of  flow  is 
too  faat,  the  tank  is  a  mere  settling  tank,  and  becomes 
full,    an.l  requires  emptying  before  septic  conditions 
have  had  time  to  develop.     The  difference  between  a 
settling  tank  and  a  septic  tank  is  one  of  speed  of  flow 
only.     We  found  that  the  24  hour  rate  was  t>ne  best, 
such  rate  of  flow  as  would  fill  the  tank  in  24  hours. 
Put  another  way,   the  septic  tank  should  be  of  such 
capacity  as  to  contain  24  hours  or  one  day's  sewage. 
Twice  this  speed  (12  hoar  rate,  or  i  day  sewage  capacity) 
I^rmitted  septic  conditions  to  develop,   but  brought 
away    too    many    suspended    solids    in    the    effluent. 
Half     the    speed    (48    hours'    rate,     or     two    days' 
^ewa^e     capacity)     gave    no     better     results    as     to 
the    liquid    part    of   the    effluent   than   the   24   hour 
t|>eed,  and  there  was  too  little  adviantage  in  the  slightly 
reduced  quantity  of  suspended  solids  brought  away  in 
the  eiSuent  to  make  it  worth  while  on  that  account 
alone  to  double  the  area  of  tanks.    In  one  experiment 
we  worked  ifour  taaiks  in  series,  at  the  24  hour  rate  for 
the  whole,  the  rate  of  flow  in  regard  to  the  first  tank 
being,  therefore,  a  6.hour  rate.     At  the  end  of  a  month, 
lonflf  before  septic  conditions  couW  fullr  develo]).  this 
first  tank  was  choked  quite  full  with  deposit  rising  in 
if^lands  above  the  water  level,  the  sewage  flowing  in  a 
channel  to  the  other  taoJos.     Briefly,  then,  my  opinion 
on  this  -pcnnt  is  (1)  that  any  capacity  less  than  half  a 
day's  supply  is  too  am«alil  to  give  time  for  septic  condi- 
tion* to  arise ;  (2)  that  a  capacity  of  one  dav*s  supply 
is  practical,  and  that  larger  capacity  does  not  give  an 
appreciably  better  effluent;  (3)  that  larger   capacity, 
say,  two  or  three  days'  supply,  while  not  giving  much 
better  effluent  may  probably  bring  about  a  rather  larger 
di«ref*ion  of  the  deposit  left  in  the  tank. 

7248.  Did  you  find  one  shape  of  tanik  more  convenien* 
than  another,  a  square  tank,  for  instance,  have  any 
advantage  over  a  long  rectan^e? — We  tried  both,  and  1 
don't  think  that  the  form  of  the  tanik  ie  important.  At 
first  the  deposit  is  greatest  at  the  inflow  end.  but  as 
this  accumulates  the  current  carries  matters  forward, 
and  when  fermentation  arises  and  portions  of  deposit 
are  brought  up,  they  tend  in  settling  down  again  to 
mryve  forward  with  the  current.  There  is  then  a 
gradual  equailising  of  the  depth  of  deposit  even  in  a 
long  tank,  and  if  the  wind  is  in  the  direction  of  the 
outlet  there  will  ultimately  be  more  depth  of  deposit 
at  that  end.    If  the  inflow  and  outflow  are  so  arranged 
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that  the  sewage  cannot  flow  in  a  current  across  the  top       coi. 
the  shape  does  not  seem  very  nvaterial.    If,  however,    Harding. 
a  long  septic  tank  is  divided  into  compartments,  or  if  5  MarTiooi. 
several  square  tanks  are  used  in  series,  the  rate  of  flow      — '— 
being  gauged  on  the  total  capacity  of  the  sexdes,  new 
conditions  are  brought  about. 

7249.  What  iis  the  advantage  of  tanks  used  in  series? 
— ^The  advantage  we  expected  to  find  was  that  we  should 
get  an  effluent  more  free  from  suspended  solids,  but 
we  were  disappointed.  It  would,  of  coui«e,  be  «i  ad* 
vantage  if  all  suspended  solids  could  be  left  behind,  for 
the  rate  of  filtration  could  then  be  considerably  in- 
creased. We  found  that  worked  in  series,  the  deposit 
was  mostly  in  the  flnst  •tank,  and  that  was  the  only 
one  that  formed  a  scum.  There  was  less  deposit  in  the 
second  tank,  and  still  less  in  the  third,  and  these  later 
tanks  are  likely  to  go  for  eeveml  years  without  neces- 
sarily  removing  deposit.  By  working  in  series,  and  the 
first  tank  being  in  duplicate,  the  removal  of  septic 
sludge  is  facilitated.  There  does  not  appear  to  be 
otherwise  any  advantage. 

7250.  How  long  have  you  been  able  to  work  rour  sep- 
tic tanks  without  removing  any  sludge? — ^Noiilmn<r  iam 
been  removed  from  any  of  our  senitic  tajo&s  until  quite  re- 
cently, when  we  cleaned  out  Ko.  1,  which  had  been 
running  nearly  two  years,  and  No.  2,  which  had  been 
running  oper  1^  yeans.  The  sign  that  removal  or  clean- 
ing  out  is  required  is  fumdshed  by  the  increasing  quan- 
tity of  suspended  solids  in  the  effluent.  (Ef  the  ^aw  of 
a  tank  is  regula.ted  at  the  24  hour  speed,  and  later  on 
the  tank  is  naif  full  of  deposit,  the  fiaw  relatively  to 
the  available  baJf  will  be  a  double  flow,  and  will  cazry 
away  too  many  suspended  solids. 

7251.  Then  it  is  dear  that  at  the  24  houra*  rate  thero 
was  not  anything  like  a  complete  digestion  of  the  solids 
left  in  the  tank? — ^No,  land  with  a  48  hour  flow  the 
digestion  is  not  very  much  more.  Some  of  the  deposit 
indeed  is  not  redudible,  and  must  accumulate. 

7252.  Then  do  the  tanks  sooner  or  later  require  empty- 
ing ? — ^Yes,  but  it  would  be  advisahfte  where  possible  not 
to  empty  and  dean  out  septic  taniks,  obviously  because 
it  takes  mooithsi  to  get  a  tank  into  working  order.  It  is 
much  better,  where  it  can  be  done,  and  it  can  generally 
be  done  in  small  tanks,  to  remove  at  intervals  some  of 
the  deposit  through  a  valnre.  Only  a  small  quantity  at 
a  time  could  be  so  removed',  but  in  this  way  the  tank 
might  go  on  working  uninterruptedly.  In  Sai^e  tanks 
the  removal  tof  sludge  little  by  little  is  much  more  diffi- 
cult, and  it  may  be  best,  say  once  a  year,  to  let  off  the 
upper  water  and  then  remove  the  sludge,  as  is  now 
done  from  settHng  tanks,  taking  care  aAways  to  leave  a 
certain  quantity  of  sludge  in  the  tank  so  that  septic  con- 
ditions may  proceed'  at  once  on  the  ficnr  being  reduced. 

7253.  Was  the  sludge  from  septic  tanks  very  offensive  7 
— ^We  expected  it  wouki  be,  but  at  Leedb  we  were  not 
inconvenienced. 

7254.  "Now  it  would  be  very  interesting  and  useful  to 
learn  the  amount  of  digestion  of  the  deposited  solids  in 
the  septic  tanks.  Did  you  try  to  estimate  this  ? — Yes ; 
and  we  came  to  the  conclusion  that  at  Leeds  in  our  No. 
1  tank  at  24  hour  flow  ihere  wa»  a  digestion  of  57  per 
cent,  of  the  solids  left  in  the  tank, which  is  equivalent 
to  about  40  per  cent,  of  those  originally  in  the  sewage. 

7255.  How  did  you  get  at  this  ?— In  this  way :  From 
analyses    of    ou    raw    sewage — we    know    that     in 
ihe    period  under   consideration    the  average    of  sus- 
pended solids  in  the  sewage  was  44*4  grains  per  gallon, 
and  the  average  in  the  effluent  13'1  grains — so  that  for 
every  gallon  which  passed  through  the  tank  during  the 
period,  31*3  grains  of  suspended  solids  were  leift  behind, 
^his  at  90  per  cent  water  would  represent  313  grains  of 
sludge  per  g^dbn.     Multiplying  this  by  the  nuouber  of 
miHon  gallons  which  had  passed,  it  appeared  that  if  no 
skidge  'had  been  digested  it  would  more  than  completely- 
fill  the  whole  tank.     The  tank  was,  however,  only  about 
half-full     of     sludge.         To     get     a     more     careful 
estimate    than    by     the    90    per    cent,     estimation, 
the  following  plan  was  adopted.     By  means  of  losg 
glass  tubes  12  sections  of  the  tank  at  different  parta 
were  taken,  in  euch  a  way  as  to  get  in  each  tube  a  correct 
sample  of  the  thick  sludge  at  the  bottom,  of  the  thinner 
sludge  tSbcrre^  and  of  the  column  of  water  above  that, 
there  being  no  scum  at  the  time  of  experiment.    These 
sections  were  then  mixed   together  and  stirred  and  a 
sample  taken,  and  the  number  of  gmine  per  gaJlon  was 
found  to  be  6-687  graiins  per  gallon.   Multiplying   this 
by  the  capacity  of  the  tank,  viz.,  250,000  gallons,  th^ 
suspends*  tolids  in  the  tank  were,  I  think  rehably,  fwac 
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Col,       to  he  190,565Lb6w  of  dry  matter.     The  total  flow  which 
Uwrding,    faiMl  in  ihd  period  paMed  through  the  tuik,  multtiplied  by 
£  MarTiwi.  ^^'^  gnuzw,  which  each  galloai  hady  on  ayerage,  left  be- 
^ —      hind,  gave  463,5361b8.  as  the  total  dry  Bolids  left  be- 
hind, and  this  gives  the  propoiiion  of  digedbed  matters 

00  56*9  per  cent,  of  what  had  (been  l^t  in  the  tank.  I 
may  add  thfllb  a  calculation  made  when  this  tank  was 
emptied  and  the  sludge  then  measured  confirmed  this 
OBtuinate,  but  reduced  the  percentage  on  auependeJ 
Bolidis  in  the  crude  aeiwaga  This  cakniJlaition 
flbow«d    that    58-5    per    cent,     had    been    consumed 

01  the  BUflpeuded  soUdB  which  had  been  leift  in  the 
tMptie  tank,  but  this  repreaenAed  only  28*3  per  cent,  of 
those  originaJly  in  the  sewage.  When  our  No.  3  tank 
was  recently  emptied,  a  calcuJation  was  made  showing 
60  per  cent,  digeation  of  the  sludge  left  in  the  tank, 
which  is  eq'uiiraJent  to  26*7  per  cent,  of  the  suspended 
•olids  in  the  crude  sewage.  An  eetimate  in  connection 
with  the  doeed  septic  tttnk  showed  a  digestion  of  40 
per  cent,  of  the  soJids  left  in  th,e  tank,  and  27  per 
oent.  of  those  origiinally  in  the  aerwiage.  These  three 
astimations  are  very  dose,  as  to  the  peroenitage  of  the 
digeobion  of  the  solids  in  the  crude  sewage,  varying 
only  from  27  per  cent,  to  28*7  per  cent.,  and  point  to  a 
digestion  of  under  30  per  cent,  of  the  suspended  solids 
in  crude  sewiage  by  septic  tank  action.  i£t  is  probable 
that  the  proportion  would   be   somewhat  larger  with 


aioaple  domestic  sewage.  It  is  necessary  to  add  that  if 
the  exit  of  suspended  solids  in  the  effluent-— which  takes 
awtay  20  to  30  per  cent,  of  them  could  be  prevented— 
the  digestion  would  be  larger,  for  the  figures  shaw  a 
dtigestion  of  50  per  cent  of  tihe  solids  left  in  the  tank. 

7256.  Did  you  ascertain  the  nature  of  the  sludge  or  de- 
posit %—Ye&  ;  we  made  many  analyses.  Roughly  speak- 
ing, they  showed  that  the  dried  sludge  of  our  open  septic 
tanks  lost  on  ignition  about  50  per  cent,  leaving  ash 
aibouft  50  per  cent. ,  about  one-third  of  which  was  ferric 
oxide,  and  about  half  silica.  Therefore  about  one-half 
of  the  dried  sludge  was  in  a  form  not  further  reducihle 
by  bacterial  action.  We  aJso  analysed  the  suspend^ 
soHds  coming  off  in  the  septic  tank  efflu^it,  and  ^wmd 
their  composition  to  be  similar  to  that  of  the  deposited 
sludge,  viz.,  half-oiganic  and  half  mineraL 

7257.  Now  as  to  the  effluents  from  your  open  and 
closed  septic  tanks ;  we  understood  that  at  Leeds  they 
were  black  in  colour,  and  carried  at  first  an  average  of  8 
and  later  an  average  of  16  ffiains  suspended  solids  per 
l^allon.  Wi^  you  tell  us  n^at  purification  was  shown 
in  the  effluent,  as  compared  with  the  sewage  going  into 
the  tanks? — About  54  per  cent,  as  measured  by  attm- 
mincud  ammonia  and  by  oxygen  aibsorbed.  The  foliow- 
ing  is  the  average  of  tihe  anailyses  of  our  No.  1  open 
septic  tank  for  the  year  ending  JTamiary,  1900  :  — 


Grains  per  Gallon. 


Total 
Solids. 


Crude  Sewage  • 

Septic  Tank  Effluent  (No.  1) 

Purification  effected 


Suspended 
Solids. 


Free 
NH,. 


44*4 


131 


70 
per  cent 


216 

1-83 

14 
per  cent. 


Alb. 


1-02 

455 

55 
per  cent 


Oxygen 

Absorbed 

(4hrs.,80*F.). 


9-08 
4*18 

53 

per  cent. 


7268.  Did  severe  frost  affect  the  working  of  the  septic 
tanks? — ^No.  Even  in  hard  fxost  there  appeared  to  be 
no  appreciable  deterioration  of  effluent  On  one  occa- 
sioQi  iJie  ecum  was  frozen  hard  enough  to  bear  walking 
upon,  and  we  had  several  heavy  falls  of  snow.  The  tem- 
perature of  the  effluent  was  always  well  over  freeaing 
point  The  scum  is  useful  as  a  non-conducter  to  con- 
serve the  heat  of  the  sewago  in  the  tank. 

7259L  Did  you  find  that  the  scum  forming,  as  it  would, 
a  roof  to  keep  off  air  and  light  was  necessary  to  the  action 
of  the  tank  ? — ^No.  The  evolution  of  gas  appeared  to  be 
going  on  quite  freely  when  there  was  no  scum,  and  no 
•effects  were  noticeable  in  the  effluent  when  there  was  a 
thick  scum  as  when  there  was  none. 

7260.  Have  you  made  any  experiments  upon  septic 
action  in  stagnant  tanks? — ^We  tried  several  times  the 
effect  of  stA^mtion  for  short  periods,  varying  from  a 
week  to  a  month,  and  found  the  septic  conditions  de- 
rdoped  very  vajpidHy.  Wa  are  tiying  some  laboratory 
experiments  on  stagnant  conditions,  and  they  are  not 
yet  suffibiently  advanced  to  give  us  any  reliable  infor- 
mation. 

7261.  Do  you  attach  much  value  to  septic  tanks  in  con- 
jiection  witu  sewage  treatment? — ^Yes.  They  are  valu- 
able as  equaMsi<ng  the  sewage  and  giving  fairly  oonstani 
conditions  to  the  filtration ;  and,  of  couxse,  there  is  the 
advantage  that  the  septic  action  digests  some  of  the 
suspended  solids,  though  not  as  much  as  wss  expected. 
Anodier  advantage  is  that  the  suspended  aolida  passing 
to  the  filter  are  in  a  finely  divided  condition,  and  less 
likely  to  choke  the  filters.  From  the  engineering 
point  of  v.'ew  there  is  this  advantage  in  the 
septic  tank  that  there  i.s  no  Iosb  of  head,  the 
effluent  going  out  at  the  saane  level  IQiat  the  sewage 
comes  in.  Comparing  the  septic  tank  with  ohemdcal 
settlement  as  a  first  process,  the  septic  tank  has  the 
advantage  that  the  cost  of  the  chemicals  is  saved,  and 
the  sludge  production  reduced  by  nearly  half,  because 
there  is  a  digestion  of  part  of  the  suspended  solids^ 
and  the  ehemdcals  used  themselves  swell  the  volume  of 
sludge.  The  drying  of  septic  sludge  on  land  or  lagoons 
will  not  be  free  from  nuisance,  but  the  nuisance  will  be 
of  shoci  duration,  because  the  putrefaction  is  half  com- 
plleted,  while  in  the  sludge  from  ohemicad  settlement 
the  putrefaction  has  not  begun,  but  must  eventually 
arise.  TVlhere  cost  is  not  a  fatal  objection,  or  where 
there  are  facilities  for  economically  disposing  of  sludge, 


chemical  settlement  offers  this  ad^iantage  that  the  with- 
drawal of  suspended  solids  can  be  more  thorough  than 
bjr  the  septic  tank  action,  and  the  less  suspended  solids 
in  an  effluent  the  easier  the  filtration.  As  jec  no  satis- 
factory means  has  been  found  to  prevent  suspended 
solids  coming  out  in  the  septic  tank  effluent  to  the 
extent  of  from  20  to  36  per  cent,  of  those  originally 
in  the  sewage. 

7262.  Do  you  think  that  the  antecedtent  anaerobic 
action  of  the  septic  tank  facilitates  subsequent  filtratiim 
apart  from  the  reduction  in  amount  and  the  fine  division 
Of  the  suspendied  solids  ?— No.  I  am  disposed  to  think 
tliat  tli-e  filtration  is  only  assisted  in  r^^ard  to  suspended 
solids.  The  purification  of  dissolved'  impurities  by  fil 
tration  is  remarkable,  and  seems  as  great  and  as  rapid 
with  crude  sewage  as  with  septic  effluent.  When  I  come 
to  the  exp3riments  in  the  continuous  filtration  of  crude 
sewajge  I  shaill  be  able  to  show  the  interesting  results 
obtained.  I  don't  think  the  septic  tank  a  necessitv  in 
the  cas3  of  a  sewage  like  that  of  Leeds,  'but  in  small 
ir^tallations,  irhere  the  aewajje  would  rapidly  reach  the 
filter,  before  the  solids,  and  especially  the  foeces  had 
been  broken  up,  the  septic  tank  would  seem  valuable 
and  almost  essential  to  bring  about  iJie  disintegration 
of  the  gross  suspended  solids^ 

7263.  If  the  septic  tank  treatment  were  to  be  adopted 
for  Leeds,  can  you  give  us  any  idea  of  the  area  that  woald 
be  requirtxl? — Everything  would  depend  upon  whether 
the  storm  water  dilutions  (say  to  a  maximum  of  tix 
vohunes,  that  is  five  dilutions)  passed  into  the  Mine 
tanks  as  the  normal  flow.  At  present  I  think  it 
would  be  convenient  that  they  should  do  so.  For  Leeds, 
where  it  is  estimated  the  dry  weather  flow  in  five  years 
will  be  20  million  gallons,  eight  acres  of  septic  tanks, 
three  yards  deep,  wouHd  have  a  capacity  of  20  million 
gallons.  To  deal  with  dilutions  to  six  volumes,  how- 
ever, 16  acres  of  such  tanks  would  be  required,  and  in 
that  case  the  normal  flow  would  pass  through  the  tanks 
at  the  48-hour  rate,  and  when  diluted  to  two  volumes  at 
the  24-hour  rate.  The  first  dilution  is  always  as  batl,  or 
worse,  than  the  normal  flow,  and  it  is  not  advisable  to 
exceed  the  24-hour  rate  tiill  the  sewage  is  more  dilute. 
For  four  volumes  the  rate  of  flow  would  be  a  l21iour 
rate,  and  for  six  volumes  would  be  at  an  8- hour  rate, 
which  with  such  dilute  sewago  would  do  no  faann,  espe- 
cially as  it  would  not  last  long.  If  it  were  possible  to 
provide  this  capacity  in  two  large  tanks  or  reservoirs  cf 
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eight  acres  eaoh,  tbe  cost  'woukt  he  moderate,  but  I  lear 
ditticuLty  would  ariso  in  comaectioa  with  rezxuMrttl  of  the 
•ludge.  In  auch)  caac,  too,  the  wind  would  cause  waves, 
and  probably  preyent  tho  formation  of  soum,  except  in 
quiet  weatheiL  It  is  a  question  'whether  wind  could  not 
be  utilised  to  drire  floating  Bcum  more  or  less  automati- 
cally OTcr  a  ledge.  If  it  w^re  fouiod  that  remoral  from 
the  sisfacG  did  away  witb  tbe  necessity  of  removal  from 
beHow,  it  would  simplify  the  engineering  proibdom. 

7264.  (Oh/iirman,  for  Sir  Michael  Foster.)  Tbe  irre- 
ducible deposit  of  which  you  spoke  is,  I  suppose,  irre- 
ducible "oecause  it  contains  inorganic  matter — ^that  is, 
iron,  rendue,  etc.,  etc-,  either  irreducible  in  itseH  or  ren- 
dering a  certain  quantity  of  inoxganic  matter  ireducible 
by  eniering  into  some  form  of  combination  with  it.  There 
is  no  evidence,  is  there,  that  in  the  septic  tank  the  or- 
ganic matter  per  se  undergoes  such  a  change  as  to  become 
irreduoiblo  T-^-No,  I  do  not  know  of  any  evidence  of  that 
kind. 

7266-6.  If  that  is  so,  probably  there  would  not  be  the 
same  amounit  of  irreducible  deposit  in  a  septic  tank  in 
case  of  sewages  free  from  iron? — I  think  in  the  case 
of  domestic  sewiage  or  even  sewages  mixed  with  trade 
etfluents  where  there  was  no  iron,  there  would  probably 
be  a  larger  proportion  of  suspended  solids  tihat  would 
be  reducible.  I  think  that  in  those  oases  there  would 
he  a  larger  proportion  of  reducible  solids  (than  in  our 
case.  It  would  be  a  very  interesting  thing  if  someone 
would  in  connection  with  the  suspended  solids  with 
domestic  sewage,  make  an  analysis.  We  have  no 
opportunity  of  doing  it ;  we  have  no  mere  domestic 
sewage,  but  I  should  very  much  like  to  know  if  Dr. 
McCrowan  would  find  out  for  us  what  is  the  composition 
relatively  to  organic  and  minieral  matter  of  the  sus- 
pended solids  in  domestic  sewage.  I  should  expect  to 
find  that  it  would  be  to  a  lairger  extent  a  reducible  than 
an  irreducible  proportion. 

(Dr.  McGoioan.)  We  shall  have  the  opportunity  of 
doing  that  almost  immediately  in  connection  with  the 
experiments  at  Uford  in  Essex. 

(Colond  Harding,)  Mr.  Frye  tells  me  that  he  has 
made  analyses  at  Accrington  of  the  suspended  solids  in 
sewage  which  is  largely  domestic  sewage,  and  that  the 
proportion  of  organic  to  mineral  is  larger  than  at  Leeds, 
but  not  very  materially  larger. 

7267.  (Chairman.)  At  Accrington,  where  there  is  not 
:  (>  much  mineral  in  the  sludge,  is  there  still  the  same 
amount  of  irreducible? — No,  I  think  what  Mr.  Frye 
means  is  that  the  analyses  of  the  suspended  matters 
•'(>  not  show  that  in  that  sewage  the  proportion  of 
organic  matter  is  much  greater,  though  it  is  greater, 
ihan  at  Leeds. 


7268.  Although   it   is    only    a   domestic   sewage 
Although  it  is  mainly  domestic  sewage. 

7269.  That  is  rather  what  one  would  have  expected,  is 
it  not  ? — I  should  have  expected  that  in  simple  domestic 
sewage  there  would  be  a  muoh  larger  proportion  of 
organic  than  mineral  matter. 

7270.  (Mr.  Power.)  Have  you  formed  any  definite 
judgment,  when  you  are  dealing  with  five  times  the  dry 
weather  flow  volumes  at  your  works,  whether  it  is  an 
adviantage  or  a  disadvantage  to  pass  the  whole  of  that 
volume  through  the  tanks.  Do  you  think  such  storm 
sewage  has  any  deleterfous  effect  on  the  tanks, 
and  subsequently  on  your  fikers.  Does  it  greatly 
increase  the  amount  of  sus-pended  matter.  I  am 
thinking  of  a  24  hour  flow  tank  now  ? — We  have  tried  a  24 
hour  flow  and  quicker  on  those,  and  I  have  stated  in  my 
answers  that  we  did  not  find  any  material  advantage  in 
running  slower,  and  that  in  running  faster  the  dis- 
advantage was  that  we  brought  out  more  suspended 
solids  than  it  was  wise  to  pass  on  to  the  filters. 

7271.  You  washed  them  out  of  the  tank,  in  fact  ? — No, 
we  did  not  wash  them  out  of  the  tank,  but  the  passage 
through  more  rapidly  prevented  them  settling. 

7272.  You  do  not  think  you  got  more  of  this  irreduci- 
ble matter  passing  on  to  your  bacteria  beds  than  you 
would  otherwise  ?---Yes,  we  did. 

7273.  You  did  ? — ^We  got  much  more,  ^ut  it  is  fair  to 
remind  you  that  these  experiments  with  the  increase 
of  flow  were  with  the  same  sewage  and  not  dilute  sewage. 
If  you  were  passing  through  dilute  sewage  probably 
tliat  evil  would  not  arise. 

7274.  This  was  all  with  the  same  strength  of  sewage  7 
— With  the  same — ^the  same  sewage.  We  simply  in- 
creased the  flow  or  reduced  the  flow,  but  it  was  the  same 
sewage.    If  we  had  been  passing  very  dilute  sewage  I 

1213. 


am  quite  sure  in  that  oase  we  eould  have  increased  flow       cu. 
considerably  for  short  periods  without  bringing  out  from    ^<ww*»v. 
the  tank  such  an  amount  of  suspended  solids  as  would  e  Mar.  i9oi. 
interfere  with  the  action  of  the  filters* 

7275.  Then  the  rapid  silting  up  of  your  first  tank 
when  you  passed  sewage  through  quickly  was  largely 
due  to  the  facA  that  you  were  dealing  with  crude  sewage 
and  not  with  sewage  diluted  with  storm  water.  Your 
first  tank  silted  vap  very  rapidly,  and  rose  above  the 
surface  ?— Do  you  mean  the  first  septic  tank  1 

7276.  The  first  septic  tank? — No,  only  in  one  case 

where  we  were  working  tanks  in  series  did  that  aarise. 

'iur  first  septic  tank  worked  for  nearly  two  years  witlfr- 

)ut  anything  being  withdrawn,  but  I  think  what  you 

are  referring  to  is  to  the  first  of  a  series  of  tanks. 

7277.  Yes  ? — In  which  oase,  of  course,  the  flow  would 
be  a  very  rapid  fiow.  I  think  a  fiow  of  about  four  times 
the  24  hours  flow,  and  in  thalt  case  no  doubt  tJie  first 
tank  of  the  series  choked  up  before  septic  conditions 
arose. 

7278.  With  a  six  hour  flow  of  strong  sewage  in  face  ? 
— ^Yes,  the  six  hour  flow  was  too  rapid,  and  the  bed  was 
full  of  accumulations  before  septic  conditions  had  fully 
developed. 

7279.  It  was  not  a  quicker  flow  than  a  six  hour  flow  9 
—I  do  not  think  it  was.  I  think  a  six  hour  flow  is  too 
rapid.  It  does  not  give  time  for  septic  conditions  to 
arise.  As  I  have  stated  in  one  of  my  answers,  a  settling 
tank  and  a  septic  tank  only  differ  in  regard  to  the  rate 
of  flow.  If  the  rate  of  flow  is  a  lapid  rate,  tiien  t^e 
matter  settled  chokes  up  the  tank  before  septic  condi- 
tions have  time  to  arise. 

7280.  You  have  records  of  the  several  amounts  of  sus- 
pended matter  in  the  tank  effluent  parallel  wfth  the 
changed  rates  of  flow  ? — Yes,  we  have,  and  we  have  paid 
special  attention  to  our  No.  1  tank.  Not  No.  1  of  the 
series,  but  a  tank  which  we  know  as  No.  1  which  has 
been  runndng  for  a  long  time — 24  hour  flow,  and  we  have 
con^Mant  analyses  of  Uie  suspended'  solids  which  have 
come  out  of  that  tank  from  the  beginning. 

7281.  And  the  quality  of  that  suspended  matter  as 
to  inorganic  and  organic  constituents  ? — Well,  we  have 
made  analyses  which  show  that  they  are  substantially 
half  .uid  half,  but  what  I  was  alluding  to  specially  was 
the  volume  of  the  suspended  solids  coming  out,  and 
those  show  at  first  when  the  tank  has  had  its  full 
capacity  the  suspended  solids  were  less  in  quantity, 
and  as  the  'tank  gradually  filled  up,  and  ther^ore  the 
captacity  of  the  tank  became  less,  and  relatively  the 
fkxw  became  faster,  the  quantity  of  suspended  solids 
coming  out  increased.  We  began  on  our  No.  1  with 
about  8  grains  per  gallon,  and  towards  the  end  of  the 
time  the  average  was  16  grains  per  gallon,  and  oooa- 
sionally  more  than  that. 

7282.  And  the  proportions  of  organic  and  inorganic 
constituents  of  thd  suspended  matter  remained  abou> 
the  same  ? — ^About  the  same,  roughly  half  and  half. 

7283.  (Major-General  Carey.)  With  regard  to  the  rate 
of  flow  through  the  tanks,  dia  you  ever  make  experi- 
ments with  an  intermediate  flow  of  36  hours  ? — No ;  we 
tried  24,  and  we  tried  48 ;  we  did  not  try  the  inter- 
mediate speed  for  any  length  of  time.  For  a  short  time 
we  got  a  speed  which  would  be  equivalent  to  that,  for  a 
short  time.  (Mr.  Harrison.)  Yes,  four  months. 
(Colonel  Harding.)  But  no  material  alteration  would- 
be  exx>eeted  in  such  a  oase. 

7284.  And  I  understand  from  the  Leeds  experiments 
you  attach  no  importance  whatever  to  the  tank  being 
covered  over?— No.  We  obtain  practically  the  same 
results  from  the  open  and  closed  tanks. 

7285.  At  the  same  time  the  cost  is  increased  by 
covering  the  tank  ? — ^I  pointed  out  that  w*here  the  tank 
is  covered,  of  course  the  wind  has  no  action  upon  the 
scum.  The  oomditions  perhaps  are  more  constant  in 
the  covered  septic  tank.  I  do  not  think  the  existence 
or  non-existence  of  the  scum  affects  the  action  of  the 
tank  seriously. 

7286.  I  want  to  understand  the  answer  to  one  or  the 
questions  put  to  vou  by  the  Chndiman.  You  tlnnk 
arrangements  should  be  made  for  drawing  off  the  deposit 
from  the  septic  tank  ?— Obviously  there  must  foe  a  with- 
drawal of  tne  accumulation  at  soone  time,  and  if  that 
could  be  frequently  withdrawn  in  small  quantities-^— 

7287.  From  the  bottom  of  the  tank  ? — ^From  the  bottom 
of  the  tank  I  think  it  would  be  advisable,  and  it  may 
not  be  convenient  to  do  that ;  if  the  tanks  are  of 
•  <r^e  size  it  ma^  be  more  practical  to  let  the  tanks 
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stand  and  remove  the  supernaitant  liquor,  and  then 
einpty  in  the  usual  way  the  kludge  in  the  tank,  taking 
care  to  leove  in  the  tank  at  least  5  per  cent,  of  the 
sludge,  80  aa  to  bring  aibout  septic  condi/tions  ae  soon 
as  it  is  restarted.  If  the  tank  is  absolutely  cleared 
weeks  will  be  required  before  septic  conditions  de^relop. 

7288.  But  would  not  a  very  great  nuisance  probably 
be  caused  by  emptying  tihe  tank  in  thait  way  by  taking 
the  deposits — I  thought  at  one  time  there  would  be 
a  great  deal  of  trouble  in  dealing  wdth  the  septic  tank 
sludge.  Our  expeidence  has  nob  'borne  that  out.  No 
doubt  the  septic  tank  sludge  at  the  time  when  it  is 
/withdrawn  may  be  more  offensive  €han  the  sludge  from 
ordinary  chemical  preaipitation  at  that  time,  but  that 
is  because  the  putrejfaction  has  to  some  extent  proceeded, 
and  I  think  the  nuisance  will  probably  be  over  within 
a  shorter  period,  because  the  nutrefaction  would  be 
sooner  completed  ;  whereas,  in  the  chemical  precipita' 
lion,  with  wiiich  we  are  njw  dealing — ^well,  at  the 
moment  of  withdrawal,  owing  to  the  admixture  of  lime, 
Ihere  is  a  keeping  back  of  the  putrefaction.  The  putre- 
faction must  ultimately  arise,  and,  of  course,  does  ulti- 
mately arise,  and  causes  very  great  and  very  long- 
continued  nuisance  in  the  lagoons,  especially  in  summer. 
I  do  not  think  from  Vhat  I  have  seen  that  the  septic 
tank  sludge  would  offer  serious  difficulties  as  compared 
with  the  other.  Mr.  Harrisim  reminds  me  it  would 
be  easier  to  deal  with  septic  tank  sludge,  because  it 
-dries  more  rapidly  ;  it  settles  and  dries  more  rapidly 
than  the  other  sludge ;  it  is  more  largely  mineral. 

7289.  You  have  not  made  any  experiments  to  ascor 
tain  whether  the  septic  tank  effluent  could  be  pa^teed 
directly  over  land  without  nuisance  ? — We  have  had  no 
opportunity  a/t  Leeds  of  trying  experiments  of  that  kind. 
M  would  be  interesting.  We  have  had  no  opportunity 
as  we  have  had  no  land. 

7290.  Or  into  tidal  waters  ? — We  have  had  no  oppor- 
tunity of  testing  that. 

7291.  (Frofessor  Bamsay.)  Have  any  expezdmenta 
l^een  made  as  regards  the  amount  of  digestion  in  a  septic 
tank? — ^We  have  made  one  estimation  that  is  not  in  the 
evidence  I  have  brought  before  you,  but  which  you  may 
remember  I  read  out  just  now,  in  which  wa  showed  that 
the  results  were  practically  the  same. 

7292.  At  what  depth  would  you  consider  it  necessai^ 
to  clear  out  a  septic  tank,  to  clear  some  of  the  deposit 
out— down  to  what  depth  1 — You  must  be  guided  by  the 
.amount  of  suspended  solids  coming  out  in  the  effluent ; 
the  evidence  of  accumulation  is  obvious  enough  in  the 
suspended  solids  coming  out  in  the  effluent,  and 
when  the  amount  of  those  suspended  solids  becomes  so 
large  that  one  thinks  it  inadvisable  to  put  them  upon 
the  filter,  then  is  the  time  to  clear  out  the  septic 
tank.  I  do  not  think  it  is  necessary  to  gauge  any  par- 
ticular depth,  say  any  reduction  to  hafi,  or  anytninfl: 
of  that  kiad  ;  it  is  better  to  go  by  the  suspended  solids 
in  the  effluent. 

7293.  Are  there  any  means  of  knowing  to  what  ex- 
tent the  capacity  of  llie  septic  tank  has  been  reduced? 
— ^Yes,  from  a  gauge  of  it. 

7294.  I  forget  whether  at  Leeds  your  septic  tanks  are 
worked  in  series  or  parallel.  My  recollection  of  Leeds  is 
that  the  sewage  passes  through  a  series  of  septic  tanks, 
is  that  not  so?— 'At  Leeds  we  have  three  or  four  tanks 
workiiig  independently,  and  we  have  also  tanks  working 
in  seides. 

7295.  Then  has  tftiere  been  any  examination  of  the 
sludge  from  bodi  of  those  ? — ^Yes. 

7296.  Comparison? — ^Yes. 

7297.  With  wha*  result?— You  mean  as  to  the  relative 
constitution,  oiganic  or  mineral. 

7296.  Yes? — Has  there  been  any  separate  compari- 
son ?  (Mr,  Harrison.)  Yes,  they  were^aken  «  year  for 
sewage,  they  are  practioally  the  sama  (Cclond  Hard- 
«n^.)  SubstantiAlly,  the  results  ase  the  same— about  60 
per  cent,  organic  and  fiO  per  cent,  mineral ;  the  differ- 
ences are  not  great,  they  differ  a  few  points. 

7299.  One  would  hare  expected  a  difference  in  the 
first  series  ? — Not  necessarily,  but  a£ter  storms. 

7300.  Was  the  result  taken  as  the  result  of  all  the 
septic  tanks  in  the  series? — ^Yes. 

7301.  And  then  is  there  any  knowledj;e  as  regards 
the  amount  of  sludge  in  these  septic  tanks?  Of  course, 
the  first  septic  tank  in  the  series  keeps  the  sludr^e  up 
v«»ry  rigidly? — Yes. 

7302.  How  does  that  compare  with  the  septic  tanks 
which  are  run  separately? — ^Independently. 


7303.  Independently? — ^The  independent  one,  I  sup- 
pose, has  a  much  longer  life  than  tne  first  of  the  series? 
— Yes,  the  independent  tank  has  a  longer  life,  but  not 
so  long  a  life  of  course  as  i^e  last  tanks  of  the  series ; 
those  have  a  very  long  life,  because  the  bulk  of  the  sus- 
pended solids  settle  in  the  first  of  the  series. 

7304.  Then  have  you  made  up  your  mind  which  plan 
to  adopt? — I  cannot  say  we  have,  but  it  does  seem 
as  if  it  would  be  perhaps  more  convenient  to  have  tanks 
in  series,  because  the  sludge  in  the  first  tank  would  be 
denser,  and  it  would  be  more  convenient  of  removal. 

7305.  Have  you  thoug;ht  of  the  possaibility  of  altering 
the  order  of  the  tanks  in  a  series,  making  the  second 
tank  the  first,  the  third  the  second,  and  so  on  ? — That 
is  a  very  interesting  sus[gestion  ;  and  it  has  been 
followed'  out  in  conneK.-tion  with  chemical  and  other 
settlement,  but  we  have  not  tried  it  in  connection  with 

•septic  tanks.  It  is  very  interesting,  because  you  would 
get  denser  sludge  when  you  do  empty  than  you  woula 
if  you  emptied  the  very  thin  sludge  in  the  last  of  iho 
series. 

7306.  This  process  of  methodical  treatment  is  very 
common  in  instances  of  the  same  sort  from  a  chemical 
point  of  vietw? — )But  it  has  also  been  applied  to  chemical 
precipitation  of  sewtage. 

7307.  Is  it  proposed  to  use  the  sludge  that  comes  out 
of  the  separate  tonk  (for  gas  generating  in  the  way  you 
have  descitkbed  ?— No,  the  matter  is  really  new ;  I  do 
not  know  as  to  the  relative  value  of  septic  sludge  and 
sludge  from  chemical  precipdltation  at  the  pcesent 
moment.  As  I  was  telling  you,  experiments  are  going 
to  be  made  as  to  the  manufacture  of  briquettes  from 
one  sludge,  and  we  should  probably  try  exiperiments 
with  the  other  sludge,  but  as  yet  we  have  no  evidence 
as  to  the  relative  value  of  the  sludges. 

7308.  Is  there  not  some  difficult^p'  as  regards  the  classi- 
fication of  the  solids — ^in  distinguishing  what  is  soluble 
in  sewage ;  is  it  not  possible  that  tha/t  solid  is  colloidal  ? 

7300.  {Mr,  Harrison.)  Yes,  part  of  that  no  doubt  is 
colloidal,  and  passes  through  your  septic  tank  ? — ^Yes. 

7310.  Where  it  really  is  actually  suspended  ? — ^Really, 
yes. 

7311.  The  method  of  examining  that  I  suppose  would 
be  to  filter  off  some  tiirough  a  Pasteur  filter  ? — Yes. 

7312.  Has  ithat  been  done  ? — Yes ;  I  have  seen  it  done. 

7313.  Have  you  adopted  it? — ^No,  Mr.  Frye  has  done 
it. 

7314.  With  what  result,  Mr.  Frye?— (Mr.  Frye.)  As 
regards  septic  tanks? 

7315.  As  regards  septic  tanks? — ^There  is  colloidal 
solid  in  the  septic  tank ;  there  is  less  colloidal  solid 
in  the  tank  than  in  the  sewage. 

7316.  So  that  a  good  deal  of  colloidal  solid  becomes 
precipitated  in  the  tank  ^Yes. 

7317.  TSiat  has  been  proved?— Yes. 

7318.  And  is  that  coldoidal  solid  paxtioularly  ^es- 
tible?— I  cannot  say,  I  should  say  not,  because  a  con- 
sidenable  quantity  of  it  is  iron. 

7310.  Not  albumen,  but  iron  ?— Yes. 

7320.  Has  it  been  proved  tha4i  the  septic  tank  dige^^ts 
and  removes  fibre  ?—{'OolofieZ  Harding.)  Fibre  goes  of 
course  into  the  septic  tank,  and  it  does  not  appear  in 
the  septic  effluent>  I  think  you  have  traced  it,  have  yon 
not,  in  the  septic  sludge  as  still  existing  as  fibre? — {Mr. 
Harrison.)  Yes,  the  destruction  is  very  slow.  I  believe 
Mr.  Frye  has  made  some  experiments  on  that. 

7321.  Has  it  ever  appeared  in  the  effluent? — 
{Colonel  Harding.)  I  have  never  noticed  it  in  the 
effluent.  The  efOuent  contains  very  finely  divided  sub- 
stances. I  have  never  been  able  to  detect  fiibre  as  such. 
I  do  not  know  whether  Mr.  Frye  has  in  the  effluent. 
{Mr.  Frye.)  I  have  put  both  cotton  wool  and  lamb's  wool 
in  the  Leeds  septic  tanks,  and  found  that  nine  months 
afterwards — ^I  left  them  there  a  long  while — both  the 
cotton  wool  and  the  lamb's  wool  had  disappeared. 

7322.  Ttffj  bad  been  dig^^lMP-ifiolonel  Harding.) 
In  nine  months.    {Mr.  Frye.)  Yes. 

7322*.  Is  ihere  any  diff^erence  in  the  temperature  be- 
tween the  dosed  and  the  open  septic  tank  ?— (Cdotirf 
Warding.)  The  "differences  are  very  slight.  In  te^rd 
to  loss  of  temperature,  the  difB&rence  is  sli^t;  if  I 
remember  right  the  loss  of  temperaltuTe  in  tan  open 
septic  tank  was  under  H  degrees,  and  in  a  okicd 
septic  tank  the  loss  of  temperature  was  '8  of  a  degree. 
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ISie  difference  was  not  greot^  and  I  do  nob  t^iink  the 
tempeitttures  Yaaj  to  an^r  important  extent. 

7323.  GQhe  temperature  is  usually  between  55  and  60 
'degrees  ?r-Well,  the  temperature  of  Leeds  sewiage  rarely 
faUe  below  51,  and  it  riaes  ia  summer  to  66. 

7324^  Would  there  be  any  advantage  in  artificiailly 
heating  septic  tanks  ? — We  have  tried  no  ezperimenits  in 
that  direotion. 


7325.  Do  you  think  dt  would  be  adyisaole  to  try  it 
Any  answer  I  giye  would  be  based  upon  nothing;  at 
least  I  would  pieler  not  to  give  it. 

7326.  Does  the  septic  tank  act  differently  in  summer 
and  in  winter  ? — ^I  think  aa  far  as  I  have  been  able  to 
judge  it  does. 

7327.  IcbnotthinkdtoiBanldlequesiticn.  Itihankthat 
if  it  is  possoible  for  Whdttaker  to  heat  his  sewage  before 
it  runs  on  to  his  filter  it  should  be  mucih  eaaier  to  heat 
the  contents  d  a  septic  tank  ^— I  should  thdnk  the 

;greater  the  heat  the  more  rapid  the  putrefaotiYe  changes. 
Is  noit  that  why  in  the  incu'bator  we  keep  samples  at  a 
higher  degree  of  temperature  ? 

7328u  Bat  it  rekvtes  to  the  area  which  wooM  be 
cohered  by  the  septic  taodcs ;  it  might  effeet  a  large  re- 
duction of  area  ?-— >It  is  a  point  worth  consideration. 

7320.  Would  it  pay  you  in  Leeds  to  blow  steam  into 
the  water  ? — ^I  think  it  might  be  worth  trying  on  a  small 
.scaled  We  have  just  started  an  experimental  tank,  and 
I  think  it  would  be  quite  practicable  to  introduce 
steam  in  some  fomn  to  raise  <Bhe  temperature  to  see  if 
sepitic  action  is  increased*.  I  should  be  quite  prepared 
to  find  the  increase  of  temperature  would  increase  septic 
action. 

7330.  I  have  been  seeing  experiments  in  India,  and 
I  noticed  that  at  a  temperature  of  85  to  00  degrees 
Fahrenheit  the  process  of  digestion  in  septic  tanks  is 
Teiy  much  more  rapid? — I  should  be  prepared  to  find 
that  it  is. 

7331.  You  do  not  find  that  storm  water  affects  your 
tanks  injuriously? — I  baye  had  no  opportundty  of  deal- 
ing with  our  storm  water  on  our  tanks.  The  flow  is 
taken  from  our  maLn  channel,  and  it  ia  not  increased. 
When  the  storm  water  arisea  we  get  more  dilute  sewage, 
but  the  volume  of  it  is  not  greater. 

7332.  Is  not  that  a  subject  for  experiment  in  resolving 
on  the  ultimate  size  of  your  tanks  ? — Yes,  but  we  have 
been  able  to  judge  that  it  is  easier  of  course  to  deal  with 
dilute  sewtage.  You  get  better  effluents  with  dilute 
aewage,  and  I  think  we  migiht  quite  safely  argue  that 
with  dilute  sewage  you  may  increase  the  flow. 

7333.  The  temperaibure  of  course  of  dilute  sewage 
would  be  lower? — Would  be  somewhat  lower. 

7334w  Would  it  not  be  podssdible  to  make  a  seotic  tank 

-  of  ei^t  acres  area?— It  would  be  quite  poasibde. 

7335.  Would  it  not  be  impracticable :  I  mean,  would 
the  whole  of  the  sludge  not  settle  there? — ^It  is  an 
engineering  point  of  much  interest  to  me.  If  we  adopt 
septic  tanb»  for  Leeds,  I  should  not  like  a  niunher  of 
small  tanks  because  that  con&truetion  would'  be  ex- 
pensive. If  it  were  possible  to  have,  as  I  think  I  rather 
suggest  in  one  of  my  answere,  an  eighitacre  septic  tank, 
that  might  'be  readily  made  by  simply  putting  a  bank 
round  'that  area,  and  I  have  no  doubt  whatever  that  the 
action  would  be  effective.  Probably  the  wind  would 
prevent  the  formation  of  a  scum,  but  it  has  occurred  to 
me  that  the  wind  might  be  utilised  for  the  purpose  of 
puehing  the  scum  over  a  ledge  as  it  is  formed. 

7336.  Over  the  ^ge?^-Over  a  ledge,  and  it  is  just 

-  conceivable  that  the  removtal  of  such  matters  by  wind 
would  do  away  with  ihe  necessity  of  removing  anything 
from  the  bottom  of  the  tank,  but  we  have  not  any  ex- 
perience as  yet  upon  that  point.  I  grant,  hkywerer,  that 
there  would  be  great  difficulty  in  oonnectdon  with  a 
septic  tank  of  great  area  in  removing  the  sludge,  at 
least  in  removing  it  from  time  to  timie  tihrouah  valves. 
You  would  only  reonove  it  locally.  The  only  way  to 
remove  it  would  be  by  stopping  the  action  of  the  septic 
tank,  running  off  the  wiaber,  and  then  pumping  out  the 

'  sludge  in  the  ordinary  way,  and  nb  douht  the  lai^r  the 
tank  the  greater  the  difficulty  would  be.^  I  am  afoaid 
it  may  prove  impractloafble  to  have  septic  tanks  made 
on  so  large  a  soale,  but  it  is  an  interesting  point. 

7337.  Would  the  pnhlic  not  be  largely  repelled  by  a 
huge  tank  which  would  smell  bladQy^--'BcLt  I  do  not 
think  that  that  really  affects  the  question,  because  if 
you  do  not  have  the  eight  acres  in  one  taiuc  you  have 

•  ei^ht  acres  of  tanks  in  a  series. 

7338.  They  could  be  covered ;  yon  could  grow  grass 


on  them,  and  |>eople  would  not  be  able  to  distinguish       ^^ 
them  from  orcujiaiy  fields? — \A.  mere  sentimental  ad-    Hording. 
vantage;    I  do  not  think  it  would  afEect  the  question  ^  ^i^TT^qq^^ 
of  any  nuisance  that  might  arise.  '^  — — 

7339.  You  do  not  think  that  it  ia  the  final  condition 
of  a  septic  tank  to  be  covered  over  with  grass  ¥ — it 
could  be  quite  easily  covered  over  with  grass.  Where 
you  have  a  thick  scum,  seeds  wilH  certainly  settle.  We 
have  had  luxuriant  IomI  crops  on  diffarant  parts  of  oux 
scums,  but  at  times  these  scums  disappear. 

7340.  For  no  good  reason? — ^For  mechanical  reasons, 
due  to  wind  and  otiier  conditions. 

7341.  But  even  on  the  small  tanks  do  they  disappear  ? 
-Yes. 

7342.  I  thought  they  were  permanent  in  the  small 
tauiks  ?-^It  is  very  curious  that  on  our  tanks,  which  ar» 
one-edghth  of  an  acre  in  area,  sometimes  we  have  vex^ 
thick  scums,  one  and  two  feet  thick,  and  at  other  times 
we  have  none  at  all. 

7343.  And  does  the  scum  sink?— <Dt  disappears  ;  it 
possibly  sinks;  it  is  disturbed  by  hi^  wind,  the  gas 
escapes  from  it,  and  it  sinks,  not  all  at  once  but  svadu- 
ally.  The  existence  of  the  scum  seems  to  be  due  to 
mechanical  causes,  to  the  effect  of  the  scum  drjring  the 
surface,  and  so  making  such  surface  impervious,  and 
so  the  gas  supports  it,  and  reasons  of  that  kind. 

7344.  Have  any  experiments  been  made  on  pressing 
tank  sludge  ? — ^Not  by  us. 

7345.  Or  by  anybody  else? — ^Nor  do  I  know  of  thedr 
having  been  made  by  any  one  else.  At  Aocrington, 
where  the  chief  experiments  have  been  carried  out,  I 
think  they  have  simply  passed  the  sludge  into  lagoons, 
and  let  it  dry  gradually. 

7346.  But  if  wished  to  be  used  for  fuel  it  would  ba 
much  more  easily  dealt  with?— I  think  it  would  be 
much  more  easily  dealt  with ;  it  could  be  dealt  wiUi 
more  rapidly. 

7347.  {Mr,  KiJlXidc.)  You  mentioned  the  fact  that  youi 
sewers  act  as  septic  tanks  ? — Septic  action  takes  place 
in  sewers. 

7348.  They  act  in  a  similar  way?— ^Yes. 

7349.  Therefore  in  forming  an  installation  for  sewage 
works  consideration  should  be  had  to  the  leoigth  of  the 
sewers  bringing  the  sewage  to  the  works?— It  miay  be 
taken  properly  into  acootti^,  because  imdou^btedly  septic 
action  does  take  place  whore  sewage  jrasses  through  a 
long  length  of  sewers. 

7350.  I  think  you  hold  the  opinion  that  if  sewage  is 
to  be  treated  by  artificial  filtration  to  the  extent  of  six 
times  the  normal  dry  weather  flow  it  would  be  well 
that  the  septic  tanks  hold  twice  the  normal  flow? — ^I 
think  it  is  desirable. 

7351.  Desirable? — ^Yes  ;  on  these  grounds,  that  ii!  you 
have  a  normal  flow  of,  say,  24  hours,  and  you  increase 
that  by  six  times,  you  will  bring  out  more  suspended 
solids,  especially  in  the  first  m^  after  a  storm,  than 
your  filters  can  deal  with. 

7362.  Then  in  providing  for  the  treatment  of  six 
times  the  normal  flow  tanks,  providing  for  46  hours 
flow  would  be  sufficient? — I  think  so. 

7353.  (CKaitmcm,)  We  may  now,  I  think,  pass  away 
from  the  septic  tanks,  which  we  may  assume  to  be  a 
mere  first  process  of  sewage  treatment,  to  be  necessarily 
followed  by  filtration  either  on  land  or  on  artificial 
filters.  Now,  have  you  had  any  experience  of  the  treat- 
ment on  land  of  septic  tank  effluent  ? — Xo.  We  have  no 
available  land  at  Knostrop  for  such  experiments 

7354.  Then  will  you  tell  us  what  trials  you  made  in 
the  artificial  filtration  of  septic  tank  effluent  ?— We  have 
made  experiments  in  intermittent  or  contact  filtration. 
Our  experiment  in  single  contact  filtration  on  bed  Ko.  8 
has  already  been  referred  to,  as  also  those  on  the  single 
contact  beds,  in  connection  with  our  Cameron  inatallatioD. 
We  found  that  the  results  obtained  by  single  contact  fil- 
tration were  fair,  but  never  reached  the  Bivers  Boocd's 
standards,  but  with  double  contact  filtzatioo  we  obtained 
very  good  results.  Our  experiments  in  double  contact 
filtration  of  septic  effluent  have,  however,  not  been  con- 
tinued long  onontfn  to  enaible  me  to  speak  with  confidence 
as  to  capacity  reduotion,  though  I  am  satisfied  that  satis- 
factory filtiates  can  be  obtaaned  by  this  syirtem.  Our 
attention  in  regard  to  filtration  of  septic  tank  effluent 
has  been  mainly  directed  to  experiments  in  continuous 
filtration,  for  which  I  venture  to  suggest  as  a  better 
name  "tndding"  filtration.  I  mean  by  tiiat,  that  the 
effluent  passes  on  to  a  bed  oontinoously,  but  in  a  very 
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slow  flow,   SO  thAt  the  S6iw«ge  tiiokles  l^xough  the 
materi&l,  and  the  acAdoia  i&  n<^  inteivupted. 

6  Mar.  1901.      7355.  What  was  the  construction  of  your  first  trickling 

filter  ? — ^It  vns  on  lines  suggested  by  Mr.  Whittaker,  df 

Aooringbon,  who  hae  ain&e  considlenilbly  eitended  the 
application  of  thse  aystam  of  sewtage  treatment  in  has 
own.  town.  The  bed  ie  circular,  45tt.  in  diameter,  10ft. 
deep,  and  not  h&vdng  to  stand  any  pressure  of  water,  is 
merely  surrounded  with  wood  laths  kept  together  by  iron 
bands.  Within  this  light  screen  the  clinker  is  piled  up. 
The  bottom  consists  of  a  circular  layer  of  concrete,  having 
an  ISin.  colleoting  drain  running  along  one  ifiameter, 
with  a  fall  of  1  in  45.  This  drain  forms  the  main 
carrier  into  which  9in.  pipes  run,  having  a  fall  of  1  in 
22  to  the  larger  pipe.  These  smaller  pipes  are  ako 
perforated  half  round  with  small  holes.  A  manhole  rises 
fertically  from  the  centre  of  the  bed,  hailing  a  diameter 
of  6ft.  formed  of  opsn  ibrickwork.  The  oldnker  is  between 
3in.  and  lin.,  except  aroimd  the  manhole  and  the  extreme 
circumferenoe,  where  a  layer  of  very  coarse  clinker  is 
pkuoed.  Effluent  oibtadned  from  our  No.  1  open  septic 
tank  was  pumped  by  means  of  a  putlsometer  rbo  the 
Whittaker  rototong  sprinikler,  and  by  it  distributed  in  a 
thiower  over  the  whole  surface.  l%e  bed  was  started  oo 
March  9th,  1899,  at  the  raite  suggested  by  Mr.  Whittaker, 
of  600  gallons  per  square  yaid--tbat  as,  st  the  tnite  ot 
5,000,000  gallons  per  acre  per  24  hours. 

7356l  And  what  was  the  career  of  this  firlter  ? — ^Well,  we 
soon  found  we  could  not  long  continue  to  work  at  thab 
rate.  For  the  fijcst  days  the  filtrate  waef  quite  diear,  but 
did  net  give  good  analytical  results.  All  suspended 
BoUdb  were  at  first  kept  •bttok  meohanioally  !>y  the  filter, 
but  little  or  no  'bacterial  action  had  ariisen.  The  filtiates 
improved,  however,  when  the  filter  had  been  at  woik  a 
week,  and  memtbeis  of  the  Commission  will  peiiiaps 
renuemiber  that  when  ithey  visited  Knostrop  worker  on 
Msoich  21,  1899,  tlie  filter  having  been  at  work  12  days, 
the  filtrate  was  still  quite  clear,  and  was  then  beginnang 
to  give  good  analytiioal  results.  Soon  afterwards,  how- 
ever, BU-spendied  solids  'began  to  work  out  with  the  filtiate, 
and  by  March  28  the  bed  showed  ssgns  of  surface  clogging, 
and  a  week  later  pooling  extended  on  the  sfurface  so  that 
:lie  effluent  began  to  run  doiun  tlie  sides  end  the  centml 
max^hole.  The  analyses  then,  fell  off  rapidly.  The  top 
surface  becaimfe  coloured  with  iron  deposit  and  a  growth 
developed  which  prevented  the  flow  of  600  gallons  per 
square  yard  passing  down.  I\he  flow  was  therefore 
reduced  to  200  gallons  or  one  third!,  and  this  giave  im- 
proved filtrates,  but  the  pooling  continued,  and  it  became 
necessary  to  rest  the  bed  for  a  few  daysr.  On  restarting, 
the  results  again  improved,  the  nitrate??  rising  to  '77,  but 
again  in  a  few  days  there  was  a  falling  off  due  to  the 
choking  of  the  upper  surface  by  an  abundant  gelatinous 
growth  which  prevented  the  effluent  passing  down  and 
affected  the  aeration.  When  the  filt<er  had  been  at  work 
two!  months  the  wodk  was  stopped  and  the  surface  dug 
down.  It  appeared  that  the  growth  was  on  tthe  surface 
and  did  not  go  down  many  inches.  Tho  surface  was  there* 
fore  removed  to  the  depth  of  a  foo^^  and  on  restarting  the 


filtrate  was  again  geodj  but  fell  off  rapidly  as  ihe  new 
sui^Boe  became  choked. 

7357.  Was  not  the  effluent  as  put  upon  the  bed  artifici- 
ally heated  I — ^Yes,  it  was ;  and  Hiat  I  believe  was  the^ 
cause  of  the  excessive  development  of  the  surface  fungoid 
growth.  Mr.  WHttaker  desired  us  to  use  a  pulsometer 
tor  raising  the  effluent,  and  as  the  waste  steam  of  the 
pulsometer  condenses  into  the  effluent  pumped,  the  effect 
is  to  heat  the  effluent,  /but  in  adidytaon  to  diis  Mr. 
Whittaker  had  arranged  to  inject  a  jet  of  erteam.  into  iL 
We  found  that  the  temperature  was  being  raised  10^ 
Fahrenheit,  and  as  In  any  case  it  would  be  too  costly  to 
do  this  on  a  large  scale  we  at  onoe  decided  to  rftop 
the  injeotion  of  steam  ;  but  the  pulsomister  alone  was 
found  to  radse  the  temperature  of  the  effluent  several 
degrees.  I  should  add  that  Mr.  Whjttaker  attabuted 
the  bad  result  of  this  filter  to  our  having  used  clinker  U» 
aomll,  viz.,  £rom  3in.  to  lin. 

7368.  Was  the  experiment  then  abandoned  ? — ^Xo.  We 
acrain  removed  the  top  suifaoe  to  a  depth  of  a  few  inches, 
and  covered  it  with  very  coarse  material,  3in.  and  above, 
for  a  depth  of  about  12in.,  in  the  belief  that  asr  the  fungoid 
growth  did  not  go  £ar  down  this  coarser  material  would 
prevent  the  surfoce  ologging  and  pooiUng.    This  was  done 
on  July  10th,  1899.    A  great  innprovement  in  the  qoality 
of  the  filtrates  was  produced,  as  ^own  by  the  increase 
of  nitrates,  which  on  July  19th  were  *756.     The  filtrate 
continued  to  be  clear  to  July  30th,  but  from  the  latter 
dsice  large  quantities  of  brown  suspended  msttere  came 
out  from  the  bed,  causing  the  values  obtained  from  the 
Alb.  NH3  and  oxygen  absorbed  teats  to  rise  considerably. 
The  free  NH3,  however,  remained  veiy  low  (abo>ut  '^, 
r/hiilst  the  K  as  nitrates  remiained  o^er  "7  grains  per 
gallon,  showing  that  the  aeretion  of  the  bed  was  not 
being  interfered  with.       The  oosxasMg  through  of  these 
solids  in  suspension  in  the  filtrate  was  at  first  very  dis- 
appointing, and  was  looked  upon  as  condemning  the 
system.     Further  experience,  however,  has  shown  that 
a  large  part  of  these  solids  are  irreduoitble,  and,  there- 
fore, if  they  do  not  come  out,  but  stay  behind  in  the 
filter,  tJiey  must  necessarily  choke  it  up.     They  were 
0oon   found  to  be  non-putrescible,    and   to   be    readily 
settled.    In  these  conditions  and  working  at  the  rate  of 
250  gallons  per  square  yard,  the  experiment  went  on  for 
three  months  before  the  pooling  of  the  surfaoe  arose,  and 
it  became  necessary  to  fork  over.    Whenever  this  was 
done   there   was    an    immediate    improvement   in   the 
filtrate,    and   it  became  evident  that  to  obtain  good 
filtrates  it  was  absolutely  necessary  to  keep  the  suriface 
open. 

7350.  But  in  this  filter  the  sides  or  circumference  were 
quite  open  to  the  air,  were  they  not  ? — That  was  so,  f(rr 
the  coke  was  only  held  together  by  laths  of  wood  placed 
3in.  apart,  but  from  our  experience  side  aeration  sterns 
to  be  of  very  little  vahie,  as  our  fuather  experimenta 
will  show. 

7360.  Give  us  some  idea  of  the  purification  effected  by 
this  process? — ^I  put  in  the  following  table:  — 


Average  of  Analyses  referring  to  Period  from  9th  March  1899  to  8th  May  1900  (U  months). 


GrainH  \yeT  Gallon. 


Total 
Solids. 


Suspended 
Solids. 


Septic  Tank  Eflluents 
Filtrate— Whittaker  lied,  No.  1 
Purification  effected  on  Septic  Effluent 


78-4 
69-8 


1.31 

6-6 

57 
per  cent. 


Free  NH,.  |  Alb.  NHj 


Oxyjren 
Ab.sorbed 
(4  bonrs.. 

80®  K.). 


Nitrogen 

as 
Nitrates. 


1-80 

•688» 

61 
per  cent. 


•434 

•113* 

73 
per  cent. 


4K)2 

•684* 

83 
per  cent 


•548' 


*  Analysis  made  after  rousli  settlement  of  suspended  Bolids. 


The  following  Table  is  the  Average  of  a  Ni\iuber  of 
Comparative  Analyses  made  upon  the  Filtrate  from 
the  Whittaker  Bed,  No.  1,  with  and  without  Sus- 
pended Solids : — 


Grains  per  Gallon. 


Alliuminoid 
Ammonia. 


Filtrate  containing  Solid h     - 

after  Settl^^inent  ot  Solids 


fi 


■233 

•105 


Oxyjjcn 
Absorbed. 


1-40 


•610 


I  should  add  that  after  a  year's  working,  in  Ajprix,  1900,. 
the  fikrate  greatly  deteriorated,  rhe  suspended  solids 
which  had  been  brown  became  darker  coloured,  and  tihe 
supematent  liquid  ohtained  after  settling  tJiesn  waa 
opalesoent,  and  threw  down  buff -coloured  iron  precipitate 
Hinnlar  to  that  from  the  contact  bed  filtrates  of  which  I 
^if>olke  earlier  in  my  evidence.  The  liquid  began  to  run 
out  at  the  aides  of  the  filter,  and  thie  time  it  did  not 
appear  to  be  due  so  much  to  the  surface  growth,  whidh 
since  coarse  coke  had  been.iput  on  the  auxface  had  not 
troubled  us  very  much,  especially  after  the  injeotion  of 
steam  had  been  stopped  ;  but  the  choking  now  appeared 
to  be  in  the  interior  of  the  bed,  for  forking  the  surface 
did  not  improve  matters.     We  concluded  th^  while  a 
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'^ertaiB  wwiion  of  tlie  ixreducibde  siwpended  tolids  came 
out  in  tiie  filtrate,  tliey  did  not  all  come  out,  and  that 
the  c^okLpg  was  now  due,  after  a  year's  woirking,  to 
accumulatioQ  oi  undi^neeted,  and,  iiuleed,  indigeedblo, 
matter.  The  bed  wae  then  given  a  k>ng  rest  of  eeyeral 
months.  In  view  of  .iihe  fact  ol  the  suspended  solids 
being  non-putreecent  sn  character,  the  foUoirinff  analysis 
may  be  ol  interest.  The  sludge  produced  by  the  settle- 
ment of  the  filtrate  was  washed,  and  as  far  as  posscibie 
freed  from  the  kuger  liring  organisms,  such  as  worms, 
laxTss:  — 
lioes  on  igniition      -  -        -  -  31*3  per  cent. 

Fentc  oxade -  31*3        ,, 


Silica  and  matter  insoluble  in  acid  -  18*9 
Other  mdneral  matter    -        -        -  «  18'5 

KXH) 


i» 


tf 


»i 


7361.  What  conclusion  did  ^ou  come  to  as  the  resuilit  of 
this  experiment? — ^Thaa  expenmentt  was  a  vexy  useful  and 
•uggestive  one,  but  ehowed  that  with  the  ^ucnt  from 
the  Leeds  septic  tanks,  which  contained  an  average  of 
13  grains  per  gallons  of  suspended  solids,  the  bed  had 
been  oonsibructed  of  mjnterisJ  too  fine,  and  we  therefcure 
resolved  to  construct  another  bed  of  much  coazsermtttenal 
and  make  further  trial  of  the  system. 

7362.  TeU  us  now  about  jour  coaraer  Whittaker  bed  7 
— ^The  construction  of  tihds  Na  2  bed  was  as  follows  :  — 
Kows  of  semi-cixoular  perfionted  tiles,  lumng  a  dia- 
merter  of  18  inches,  were  placed  edge-to«dge,  and 
xmised  above  a  alight  inclined  plane  of  concrete  by 
means  of  small  \xid  columns,  so  thai  there  was  a  clear 
^r  space  between  the  tiles  and  the  concrete  floor.  Uxxm 
this  floor  was  built  an  octagonal  pigeon^boled  wall,  and 
the  space  within  the  wall  was  filled  in  with  coarse  coke 
to  a  depth  of  one  foot  above  the  pipes,  and  the  rest  of 
the  bed  with  ooke  of  not  less  than  1^  inches  diameter. 
Altogether  the  depth  of  ooke  was  9ft  The  septic  tank 
•effluent  was  distributed  over  the  surfiace  by  a  Whittaker 
sprinkler.  The  rate  cd  filtration  was  1,000,000  gallons 
per  acre  (i.e.,  200  gallons  per  square  yard)  per  24 
hours,  working  night  and  day.    The  bed  was  started  on 

.  September  2nd,  1609L  The  first  filtrates  obtained  were 
exceedingly  dear  but  putrescent,  showing  that  though 
aoUdi  in  suspension  were  being  kept  back,  bactenial 
skotion  was  not  yet  developed.  This  continued  until 
•September  19th,  when  the  filtrate  became  turbid  from 
suspended  solids  coming  out ;  but,  neveitheless, 
nitrates  were  present,  and  die  filtrates  were  npon-putres- 

•  cent  in  character.  iSince  then  the  filtrates  have  re- 
mained turbid  but  non-putrescent,  and  no  change  has 
been  made  to  the  bed  itself  until  April  7th,  1900,  when 
some  of  the  coke  upon  the  surface,  which  had  become 
broken  (partly  by  walking  upon  it  to  attend'  to  the 
sprinkler),  was  renewed.  Work  was  continued  night  and 
day  at  the  same  rate  of  200  gallons  per  square  yard, 
until  May,  1900,  that  is  for  about  eight  months,  when 
the  filtrates  b^an  to  deteriorate,  although  there  was 
little  pooling  on  the  surface.  This  we  considered  to  be 
due  to  the  fact  that  at  the  200  gallon  rate,  that  is  one 
million  gallons  per  acre,  the  flow  only  brought  out  a 
part  of  the  indigestible  solid  matters  with  the  filtrate. 

'  The  remainder  accumulated,  and  in  time  interfered 
with  effective  aeration. 

7363.  When  a  continuous  filter  becomes  bo  far  choked 
that  it  is  no  longer  efficient,  can  anything  be  done  to 
riear  it? — ^That  is,  of  course,  a  very  important  point. 
We  had  notnoed  in  this  filter,  and  also  in  coir  earner 
Whittaker  bed,  that  if,  for  any  purpose,  the  arms  of 
the  sprinkler  were  held  from  rotating,  then  within  a 
few  minutes  the  filtrate  became  very  turbid,  with  an  ez< 


cess  of  solid  onatter  oonung  out.    lliis  was  due  to  send-       ctu, 
ing  the  »7llM3ie  volume,  which  duifing  the  zototion  of  the    ^^*"^***g- 
arms  is  distributed  over  the  whole  suitfiaoe  through  only  ^  siat.  iwi. 

a  small  past  of  it,  and  so  increasing  tenfodd  the  flow       

through  that  part.  This  suggested  tisat  with  a  coarse 
bed  like  this  Xo.  2,  the  bed  could  be  waslied  out ; 
acooxdingly  a  three-inch  hose,  -with  town's  waiter,  was 
turned  on  one  square  yard  of  the  bed,  and  successively 
over  the  whole  surface.  The  bulk  of  the  accumulated 
solids  came  out  in  the  first  three  minutes,  during  which 
the  filtrate  was  exceedingly  turbid;  a  test  tube  with 
ten  inches  in  it  settling  down  three  inches  of  sludge. 
After  the  first  few  minutes  the  volume  of  solids  coming 
through  rapidly  diminished.  With  these  washed-out 
solids  came  out  an  immense  number  of  cyclops,  larm, 
etc.  The  sludge  was  found  only  slightly  putrescent, 
although  it  would  neoessariily  contain  organic  matter 
in  process  of  transition.  No  dombt,  if  the  experiment 
had  been  made  after  a  rest  of  one  or  two  diays,  the 
sludge  would  have  been  as  little  putrescent  as  that 
which  comes  out  in  the  normal  flow.  The  filtrates  ob- 
tained immediately  after  the  washint?  out  were  not 
good,  and  it  took  about  a  fortnight  to  bring  them  to  the 
old  standard,  and  indeed  they  then  so  far  improved 
that  the  nitrates  rose  to  1*31  grains  per  gallon.  No 
doubt  in  this  suggestive  experiment  the  washing  out 
had  been  too  thorough,  and  some  bacterial  life  had  been 
cleared  out  with  the  accumulations. 

7364.  Do  you  suggest  then  that  practically  such  beds 
may  be  washed  out  by  turning  «a  hose  upon  the  surface  1 
— Oh,  no!  that  would,  of  course,  be  too  costly.  The 
washing  out  of  accumulations  wouild  take  place  by  in- 
creasing the  flow,  say,  from  200  gallons,  if  that  is  the 
normal  rate,  to  400,  600,  or  1,200  gallons  jter  square 
yard.  Such  increased  flow  would  arise  automatically 
with  rainfall  and  dilution  of  the  sewage,  so  that  after 
storms  the  filters  would  recover  their  full  eflioiencj. 
This  is  an  impoitant  feature. 

7365.  At  these  greater  rates  of  flow  the  purifica- 
tion would  be  less? — ^No  doubt;  but  then  after  the 
first  rush  of  a  storm  the  diluted  sewage  is  very  weak, 
and  there  is  l^ss  purification  required. 

7366-7.  But  these  accumulations  of  suspended  solids, 
which  would  at  such  times  be  washed  out,  increasing 
the  turbidity  of  the  filtrate,  should  not  be  allowed  to 
go  to  the  stream?— I  think  that  in  trickling  filtration 
over  coarse  material,  where  suspended  solids  come  out 
always  in  the  filtrate,  and  accumulations  are  at  times 
washed  out,  it  will  probably  be  necessary  to  have  a 
settling  tank  at  the  end  of  the  process,  unless  the  fll- 
tzate  can  be  passed  over  land.  It  is  well  to  note  that 
these  washed-out  soiids  are  at  Leeds  non-putpesomt.  T 
understand  that  they  are  putresoible  in  the  Accringfton 
filtrate,  the  difference  being  probably  due  to  the  large 
quantity  of  iron  in  Leeds  sewage. 

7366.  Tour  answer  To  a  previous  question  Bugge.sts  that 
its  presence  is  not  altogether  objectionable? — ^That  is 
so.  At  one  time  when  we  were  experimenting  with 
contact  beds,  we  thought  the  iron  in  the  sewage  a  great 
trouble,  paiptly  because  it  took  up  oxygen  which  was  re- 
quired for  the  organic  matter,  and  partly  because  it  de- 
posited in  the  contact  beds,  and  helped  to  sludge  them 
up  Now,  in  coarse  trickling  filtration  the  iron  which 
reaches  the  bedd  in  solution  nearly  all  comes  out  into 
suspension  ;  buf  as  it  comes  tlirougn,  the  only  objection 
is  that  it  adds  to  the  mineral  matter  to  be  afterwards 
settled  out. 

7360.  Have  you  any  analyses  of  the  filtrates  of  your 
No.  2  Whittaker  bed? — Yes.  We  made  constant  analy- 
ses, and  I  put  in  a  table  based  on  111  analyses : 


Average  of  Analyses  referring  to  Period  from  2nd  September  1899,  to  30th  June  1900  (10  months). 


Grains  per  Gallon. 

Total 
Solids. 

Suspended 
Solids. 

Free  NH,. 

Alb.  NH3. 

()xy*?en 

Ab8ort>e<l 

(4  honr«, 

80*  F.). 

Nitrogen 

as 
Nitratcfl. 

Septic  Tank  Effluent         .... 

Filtrate— Whitlaker's  Bed,  No.  2     - 

Percentage   Purification   on    the    Septic 
Effluent. 

781 
70-7 

14-4 

7-7 

46 
per  cent. 

1-85 

•532^ 

71 
per  cent 

'455 
•079* 

82 

per  cent. 

>    * 

418 
•690* 

85 

|>er  cent. 

•66«» 

*  Analysed  after  tlie  rough  settlement  of  suspended  solids  taken  from  October  23rd,  1899,  to  June  30th,  1900. 
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ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL  : 


Col.       The  following  Table  is  the  Average  of  a  Number  of 
Baniiti^       Comparative  Analyses  made  ujwn  the  Filtrate  from 
6  Mar  ifiui.     Whittaker  Bed,  No.  2,  with  and  without  Suspended 
Solids : — 


» 

Grains  per  Gallon. 

Albnminoid 
NH^ 

Oxysen 
Absorbed. 

Filtrate,  containing  Solids     - 
„       after  Settlement  of  Solids 

•183 
•069 

1-27 
•522 

7370.  Have  you  anything  further  to  tell  us  al>out  ex- 
perimenfts  in  trickling  filiation? — Yee.  Besides  these 
expeiimente  with  septic  tank  effluent,  we  have  made 
eeveral  ezpeorunemts  with  snore  or  less  crude  sewage. 

7371.  In  what  form  ? — ^With  a  Duca€  filter,  with  a  series 
of  triplicate  beds,  and  wiih  a  bed  which,  to  distinguish 
it,  we  call  a ''Leeds  bed.'' 

7372.  Tell  us  first  about  the  Ducat  filter?— Col.  Ducat 
suggested  that  sewage  could  be  dealt  with  on  his  filter 
without  any  antecedent  treaitmeni,  and  we  constructed  a 
bed  on  plans  provided  b^  him  Siiid'  under  hie  supervision. 
Although  the  constnictioii  is  prohibitively  costly,  we 
Hooed  that  if  it  gave  good  and  Hasting  results  with  Leeds 
sewage,  eome  simpler  form  of  it  might  later  on  be  de- 
vised. Our  Ducat  filter  has  an  area  of  1-lOOth  of  an 
acre,  48*4  square  yards,  and  a  depth  of  IQft.,  the  mate- 
rifld  used  beuiff  dmker  thvee-eighfths  inch  to  five-eighths 
inch.  The  sides  of  the  bed  are  ibuilt,  not  of  bride,  but 
of  drain  pipes,  12  inches  long  and  5;^  inches  external 
diameter.  This  construction  secures  the  complete  ex- 
posure of  the  sides  of  the  filter  to  the  air.  Ou/tside  this 
peiforatod  wall  is  a  second  walL  distant  from  it  about 
three  feet,  and  buvlt  of  solid  brickwork  for  the  purpose 
of  keeping  in  the  heat,  and  it  carries  a  roof  coveied  with 
thatdi.    The  bottom  of  the  bed  has  six  perforated  brick 


channels  connected  with  the  oater  air,  through  whiek* 
pass  cast-iron  hot-water  pipes  connected  with  an  external 
boiler,  intended  to  supply  artificial  heat  during  cold 
weaibher.    The  crude  sewage  was  raised  to  the  level  of 
the  bed  by  means  of  a  Tangye  pump,  and  jNtfsed  through 
a  three-sixteenths  inch  screen  and  a  small  grit  chamber. 
Hie  distribution  of  the  sewage  was  by  means  <^  tipping 
tvoc^hs.      The  bed  was  started  on  Maxch  29th,  3^, 
woxtUng  alternate  hours  for  ten  hours,  and  resting  for 
fourteen,  the  rate  of  flow  while  working  being  200  gal- 
lons per  square  yard.     !nie  filtrate  on  April  6th  was  ex- 
ceedingly clear  and  bnght,  suspended  solids  >being  re- 
tained in  the  bed.    On  April  14Ui  the  bed  was  worked 
for  10  hours  continuously,   with  14  houis'  rest.    This 
change  immediately  caused  the  filtrate  to  become  opales- 
cent, but  after  a  dkiy's  working  it  again  cleared.      On 
AprQ  16th  the  surface  showed  siffns  of  choking,  and 
small  pools  begin  to  form.     On   April  26th  the  whole 
surface  was  practically  covered  with  stagnant  sewage; 
the  filtrate  steadily  d'etenorated,  and  at  the  same  time 
a  grey  filamentous  growth  began  to  appear  in  one  outlet 
basin,  very    similar  in  chariicter  to  that  found  on  the 
surface  of  the  Whittaker  beds.     The  unsatisfoctory  cha- 
racter of  the  effluent  led  on  April  27th  to  reducing  the 
work  to  alternate  hours  work  for  10  hours,  with  14  houzs' 
complete  rest.     The  change  produced  no  alteration  for 
the  better,  and  on  April  30th,  1000,  the  process  was  tem- 
porarily stopped.    It  was  found  that  with  the  fine  mate- 
rial used  by  Ool.  Ducat  in  this  bed  practicallv  all  of  the 
suspended  matters  had  been  arrested  upon  the  surface, 
and,  by  preventing  the  efficient  aeration  of  the  filter,  had 
produced  the  bad  filtrates.     During  the  whole   of  this 
period  the  bed  was  warmed  hy  means  of  l^e  hot-water 
apparatus,  the  temperaiture  of  the  filtrate  bein^  about 
10^  F.  higher  than  that  of  the  sewage.     The  filter,  when 
giving  the  best  resuilts,    prodfuced  a  purific^ition  of  OC 
per  cent,  in  albuminoid  ammonia,  and  03  per  cent,  in 
oxygen  absorbed  upon  the  sewage  sent  on  to  the  bed. 
ThB  nitrogen  present  as  nitrates   in  the  filtrates^  alac 
reached  '56  grains  per  gallon. 


Average  of  Analyses  referring  to  Period  from  March  29th  to  April  30th,  1900. 


Grains  per  Gallon. 

Total 

Solids. 

Suspended 
Solids. 

FieeNHa. 

Alb.  NH,. 

Oxygen 

Absorbed, 

(4  his., 

80"  F.). 

Nitrogen 

as 
Nitrates. 

a 
> 

Sewage 

Filtrate 

Percentage  Purification      ...        - 

129-7 
71-6 

53-7 
Nil 

2-88 
1-00 

65% 

109 
•122 

88% 

7-98 
•711 

91% 

•313 

It  was  thought  that  the  chief  cause  of  the  dogging 
was  due  to  wool  fibre  passing  the  screen  and  so  getting 
on  to  the  bed.  To  obviate  this,  the  sewage,  before  going 
on  to  the  bed,  was  now  sent  through  a  three-sixteenth 
inch  screen,  and  then  through  a  layer  of  the  bed  mate- 
rial one  inch  in  thioknev.  Before  restarting,  the  choked 
surface  was  removed  to  a  depth  of  two  inches  and  re- 
placed by  DOW  material.  The  'bed  was  restarted  on  June 
13th,  1900,  filtering  at  the  rate  of  200  gaiDons  per  square 
yard  for  aibteraa/te  houii»  for  10  hours,  followed  by  14 
hours'   rest.    The  filtrate  at  first  was  opalescent,  but 


this  totally  disappeared  by  June  15th,  leaving  the  filtrate 
exceedingly  clear  and  bright.  On  June  SKU;h  the  bed 
began  to  work  continuously  for  10,  and  rest  14  hours. 
The  filtrate  remained  clear  imitil  June  24tih,  when  the 
filter  was  put  to  work  continuously  throughout  the  24 
hours.  The  filtrate  remained  very  bright  and  dear. 
Green  growth  also  began  to  appear  in  the  basin. 
During  this  period  the  hot  water  pipes  were  not  used. 
The  temperature  of  the  filtrate  was  on  the  average  about 
4^  F.  lower  than  that  of  the  sewage.  The  best  results 
obtained  were  as  follows  :— 


Average  of  Analyses  referring  to  Period  from  June  13th  to  July  7th    1900. 


Grains  per  Gallon. 


Total 
Solids. 


Suspended 
Solids. 


FreeNH. 


Alb.  NH,. 


Ah^o?b^       Nitrogen 
(4  hours, 


80"  Fahr.). 


as 
Nitrates. 


Sewage 
Filtrate 
Percentage  Purification 


127-9 
69-0 


59-4 
Tr. 

100% 


2-79 
•165 

W% 


107 
•043 


9^90 
•241 

97% 


OfftO 


l&ese  results,  however,  could  not  be  maintained.  After 
less  than  a  month's  work  they  began  to  deteriorate, 
and  when  the  surface  again  became  cnoked  with  the  sus- 
pended matter  the  filtrate  was  so  bad  that  the  experi- 
ment was  stopped.  Once  more  the  surface  accumula- 
tions were  removed  together  with  2in.  depth  of  the 
clinker,  which  was  replaced  by  new  material.  After  a 
fsrtnigltt's  rest  the  experiment  w«b  renewed  with  the 
Mune  r«  salts.    It  is  noteworthy  that,  as  in  the  Whit- 


taker beds,  the  side  aeration  seemed  to  be  auite  Talus- 
less,  for  when  the  upper  surface  was  chokea  the  result 
became  very  bad.  I  have  come  to  the  conclusion  that 
however  it  is  screened,  it  is  impracticable  to  deal  with 
Leeds  crude  sewage  on  a  filter  of  such  fine  material. 

7373.  Then  did  you  succeed  any  better  in  trying  to» 
deal  with  Leeds  crude  sewage  on  your  triplicate  and 
Leeds  bed S^  Yes,  because  we  used  very  coarse  material,. 


.JLjJ 
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which  allowed  suspended  solids  to  oome  thioughy  but 
when  they  came  tlirough  they  were  in  a  changed  form 
and  redtuced  in  quantity. 

7374.  What  were  these  triplicate  beds,  and  when  did 
you  6tart  that  experiment  ? — In  September,  1890.  Three 
small  experimen<tal  beds  were  used,  which  had  been 
constructed  for  use  as  triple  contact  beds,  but  had  not 
been  put  to  work  for  that  purposeu  These  beds  were  a 
little  over  12  feet  square,  and  had  an  area  of  17  square 
yards,  and  a  depth  of  four  feet.  The  first  of  these  was 
Med  with  tlhe  coarsest  coke  avaiilable,  the  second  with 
coke  to  about  1  inch  and  1^  inches  in  size,  and  the  third 
with  small  coke  about  hve-eighths  inch.  The  distribution 
was  by  tipping  troughs,  and  the  sewage  used  was  the 
crude  sevrage  after  passage  through  three  screens,  the 
smallest  of  which  was  37  per  inch.  The  first  of  these 
screens,  which  had  one-eighth  inch  mesh,  kept  back 
small  pieces  of  paper,  matches,  etc..  and  the  second  and 
third  screens  kept  back  most  of  the  fibre,  but  all  the 
finely  divided  solids  in  suspension  passed  on  to  the 
beds.  The  keeping  back  of  matter  by  the  screens, 
although  it  greatly  facilitated  the  work,  did  not  remove 
any  important  proportion  of  the  solids  in  suspension, 
the  matters  removed  being  those  which  usually  do  not 
come  into  the  analysis ;  as  paper,  matches,  fibre,  etc. 
There  was  no  side  aeration  at  all  in  these  beds.  The 
first  filtrates  from  the  fine  bed  were  very  clear,  the  sus- 
pended matter  being  at  first  entirely  kept  back  by  the 
coke,  but  after  a  few  weeks  these  solids  begaji  to  work 
through,  and  th^  filtrate  became  somewhat  turbid, 
thouglh  giving  flair  anatlytnoail  resuilts  when  the  soMds 
had  been  settled.  Trouble,  however,  arose  in  two 
directions,  first  by  the  development  of  a  growth  in  the 
upper  part  of  the  coarse  bed,  and  secondly  by  the  pool- 
ing of  the  sewage  on  the  surface  of  the  third  or  fine  bed. 
It  was  soon  found  impracticable  to  go  on  dealing  with 
crude  sewage  over  fine  coke,  even  after  passing  over  two 
beds  filled  with  coarse  coke.  These  experimemts,  begun 
in  September,  1899,  were  stopped  in  Morch,  1900;  the 
material  was  taken  out  of  No.  2  and  3  beds,  which  were 
then  refilled  with  very  coarse  coke,  1^  inch  and  up- 
ward&  When  this  was  done  semi-circular  perforated 
drain  pipes,  nine  inches  in  diameter,  were  placed  in  the 
bottom  of  each  bed,  thus  reducing  the  coke  depth  in 


each  case,  but  securing  more  effective  aeratioi..  Fcr  the       CoL 
tipping  troughs  on  Ko.  1  bed  a  .Oandy  sprinkler  was    Harding, 
substituted.     This  sprinkler  has  two  arms  and  works  ^  jj^qqi. 

intermittently,   sewage  passing  for  one  minute,   fol-      — 

lowed  by  three  minutes'  rest.  This  intermittence,  in 
sprinkling  was  in  some  respects  a  disadvantage  in  con- 
nection  with  such  ooarse  material,  for  the  sewage 
passed  through  the  beds  in  rushes.  On  the  other  hand 
the  intermittence  probably  proved  useful  in  improving 
the  aeration  of  the  first  bed.  This  seoond  experiment 
was  started  on  March  26th,  1900,  at  a  rate  of  flow  of 
750,000  gallons  per  acre,  that  is  150  gallons  per  square 
yard  per  day.  It  will  be  understood,  therefore,  that 
this  continuous  filtration  was  over  three  beds  of  the 
coarsest  coke ;  the  first  three  feet  six  inches,  and  the 
second  and  third  about  two  feet  six  inches  each  in 
depth ;  and  no  doubt  it  would  have  been  much  better 
to  have  had  this  eight  feet  six  inches  of  coke  all  in  one 
column,  with  a  single  distributor.  The  sewage  took 
only  a  quarter  of  an  hour  to  pass  through  the  three 
beds,  and  the  first  results  were  very  unsatisfactory 
with  a  total  purification  of  about  50  per  cent.  only.  The 
filtrates  gradually  improved  until  in  about  three  weeks 
the  bed  had  got  into  condition,  but  shortly  after  this, 
solids  began  to  work  through,  and  made  the  filtrates 
turbid,  l^is  was  the  same  result  which  had  been 
noticed  on  the  Whittaker  beds ;  that  the  solids  in  sus- 
pension were  at  first  kept  back,  but  gradually  worked 
their  way  down  through  the  filter  until  they  began  to 
come  out  with  the  effluent.  These  solids  were  found, 
however,  on  coming  out,  to  be  different  in  character  to 
what  they  were  on  going  in.  They  settled  more  readily, 
and  were  very  slightly  putrescible.  The  following 
table  gives  the  average  of  the  analyses  since  the  starting 
of  the  experiment,  and  including  ihe  early  bad  filtrates. 
It  will  be  seen  that  these  analyses,  although  including 
the  solids  in  suspension,  show  a  purification  of  71  per 
cent,  on  ^e  crude  sewage  measured  by  the  Alb.  NHa, 
and  78  per  cent,  measured  by  the  oxvgen  absorbed,* but 
recent  analyses  made  from  the  seutled  filtrate  show  a 
purification  of  90  per  cent,  as  measured  by  the  Alb. 
NH3,  and  92  per  cent,  as  measured  by  oxygen  absorbed, 
and  nitrates  *3.  This  result  was  remarkable  in  view 
of  the  short  time  taken  to  pass  over  the  coarse  coke  : — 


Average  of  Analyses  referring  to  period  from  March  2fith  to  June  30th,  1900.    Analyses  are  inclusive  of 

all  Suspended  Solids. 


Grains  per  Gallon. 


Totfll 
Solids. 

Suspended 
Solids. 

FreeNH,. 

Alb.  NH3. 

Oxygen 
Absorbed. 

Nitrogen 

[    Nitrates. 

1 
I 

123-2 

44-2 

2-36 

104 

8*90 

— 

87-6 

19-2 

1-58 

•599 

4-37 

1 

74-0 

7-9 

115 

•430 

2-78 

— 

71-7 

7-7 

•828 

■297 

1-93 

•141 

82% 

64% 

71% 

78% 

— 

Sewage 

Filtrate  from  1st  Bed  - 
„  2nd  „     - 

„  3id  „     - 

Percentage  Purification 


7375.  You  have  at  times  much  dye  water  in  your 
sewage ;  how  wae  this  affected  by  your  trickling  fil- 
tration ? — At  times  the  sewage  oomdng  to  these  beds  was 
deeply  coloured  with  dye,  and  we  were  surprised  to  find 
that  the  colour  completely  disappeared  in  the  final 
filtrate,  tbideed  the  greater  part  of  it  had  gone  from 
the  fint  bed  filtrate. 

.  7376.  Did  you  vary  these  experiments  further  ?— Yes ; 
in  July,  190O,  we  tried  these  tripdioate  beds  for  a  week 
as  contact  beds,  with  three  filMngs  a  day  and  two  hours' 
contact.  Thifi  watf  triple  contact  filtration  through  very 
coarse  material.  The  following  wae  the  analysis  obtained 
at  Uie  end  of  the  week  :  — 

Analyses  of  Sewage  and  Effluents  from  the 
Triplicate  Filter  used  aa  contact  beds. 


Ln  tricKung  filtration  the  liquid  passee  through  in  a  few 
minutes.  The  longer  contact  when  u^ed  ae  intermittent 
filters  gave  rather  better  results  in  alb.  amononia  and 
oxygen  absorbed,  but  there  was  only  a  trace  of  nitrifi. 
cation. 

Comparative  Analyses  of  Filtrates  from  contact 

and  continuous  filtration. 


Grains 
per  gallons. 


Free       Alb.  O  N  as 

NHj.     NH,.     absorbed.    Nitrates. 


Filtrate  continuous  - 


>» 


contact 


Screened 
Sewage. 


Bed 
No.  1. 


FreeNH,    - 
Alb.  NH,    - 
0  absorbed 
N  as  Nitrates 

1213. 


202 

1-27 

•774 

•375 

6-57 

2-40 

— 

- 

Bed 
No.  2. 


117 

•262 
1-55 


•462 
Trace. 


Bed 
No.  3. 


•902 
•156 
119 
Trace. 


As  fhMt  experimient  only  lasted  a  week,  I  do  not  lay 
much  stress  upon  it.  One  point,  however,  I  want  to 
•note,  and  that  <id  hew  in  contact  filtration  the  material 
tends  to  reduce  capacity  by  cansolidartion.  These  tripli- 
cate filters  have  been  used  for  nine  months  for  trickling 
filtration  without  movement  of  the  mateiial.  During  the 
one  week  of  their  use  ae  contact  beds  the  filling  and 
emptying  had  the  effect  of  Idtfting  the  coke  and  thesL 
settling  it,  so  that  in  places  the  eurfaoe  Sl^nk  as  mnicb.  as 
one  foot. 

7377.  You   did   not  continue   tEs  experiment? — ^No, 
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BOYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


OM        Mb  eeoisolidsfaion  emphwawwpg  as  it  did  oar  ezpeii^noe 

^**^*^-    <»f  ooivtoot  beds  in  r^gcLrd  to  koe of  capacitj,  were^^tftnfced 

ft^MiA-.  i9oi;  tbfr  tii[^ioaitesr  <aff -itriisling  bediB,  aiuL  \rJth  simiidir  reeftdte 

to  «tihoe«  givwi  in  my  former  taibler.    'l^neywere  wofriked 

^  I6r  foiir  months  more  T?itihocit  dereloping  amy  tnflteiial 

XMw  f eaiture. 

73781  You  told  us  tiuit  this  td|]iIdoatearmiig6ment  was 
aoQidezufaflll,  iih&t  you  eaw  no  advmtage  in  tihe  ts^ipJicnfaiioa, 
and  that  you  proposed  to  try  an  experiment  with  the  coke 
all  in  one  ooltumn  with  one  dMributor  ?— Yes,  the  tripli- 
ofiite  arnmgemjent  wbs  objeotianatb'le  on  aocouaut  oi  the 
necessity  for  three  seporarte  disMbutonl  and  the  cooling 
of  the  sewage  which  took  pHace  m  consequenoe.  Indeed, 
dimng  .the  winter  of  1899  in  codd  weather  the  results  fell 
o&  very  m<udh.  Acootrdingly,  in  November,  1900,  we 
stopped  the  triplicate  expezimeat,  and  built  a  filter  with 
the  coke  in  one  column,  which  we  call  the  Leeds  filtec 

7379.  TVliBt  was  the  eopgtwiobloo  of  thie  Leeda  filterf 
— ^We  left  our  third  tripJicaite  unaltered ;  we  raised  its 
wialls  with  aoHd  brtoikwork  so  ithat  it  might  hold  a  depth 
of  10ft.  of  ooke  in  aiU,  and  to  fill  up  to  this  depth  we  just 
removed  iAie  ooarse  matenal  from  bed«  Nee.  1  and  2.  So 
that  in  ithe  Leeds  bed  we  used  just  the  same  matterial 
we  were  using  in  the  triplicetes  except  that  a  little  addi- 
tional material  was  requnred  to  complete  the  lOft  The 
wialls  were  solid.  There  was  no  side  aeraifalon  whatever. 
The  No.  3  ti^Hoaite,  which  now  became  the  lower  part 
of  the  Leeds  nliter,  had  at  the  bottom  semi-circulair  per- 
forated pipes,  9in.  dSaoneter,  aind  therefore  an  air  space, 
hurt  air  oould  only  reach  ifit  through  the  6in.  opeodsig  of 
the  outlet  yalve  which  remiadmed  wide  open.  At  the  old 
surface  level  of  the  No.  3  ricplicate  we  laid  a-  +  of 
perforated  pipes,  and  a^^ain  another  3ft.  higher.  Oom- 
municQiting  with  these,  half  bricks  were  left  out  in  the 
walls,  and  then  loosely  putt  in,  so  thait  they  could  be  taken 
out  to  obtam  samples  at  different  depths  of  the  filter. 
They  have  not,  in  liact,  'been  taken  out,  so  that  Iha 
aeration*  is  limited  to  the  6in.  opening  in  the  bottom 
•outlet  valve. 

7580.  ^ere  vou  then  working  on  the  supposition  that 
-aeratioD;  is  to  be  avoided  ?— Oh,  no.  I  quiite  think  that 
the  aeniftian  of  the  bottom,  of  a  itiickHng  filiter  E^hould  be 
very  complete,  but  we  ware  anxious  to  try  a  filter  without 
side  aeratikm  at  ail,  for  expeidmeaital  purposes ;  and  we 
wanted  to  be  able,  again  for  ezperteental  purposes,  to 
regulate  the  bottom  nealMcm.  We  were  ao^e,  for  in* 
stiuice,  by  buiming  tow  in  the  mouth  of  the  outlet  valve 
to  note  that  there  was  tbere  an  inward  current,  and  that 
it  passed  upward  through  the  fiJiter — as,  indeed,  coe 
would  expect  in  a  ohamlber  oHosed  at  (the  sidies,  and  with 
sewage  wanner  than  the  atmosphere. 

7138L  Now  how  did  the  fiJitear  work  with  thecokeall  in 
one  oolumn  as  compared  with  the  ssone  aoDsteiEial  in  the 
triplicate  arrangement? — ^The  results  were  an  improve- 
ment in  the  fiiltrate  and  better  nitrification,  due  in  my 
opiinion  to  more  perfect  dfitfbribution  and  to  the  heat  of 
Ihe  sewage  being  better  conserved.  Inhere  was  ailso,  of 
course,  an  extra  foot  of  diepth  of  coke.  I  should  add  we 
~  tihe  sBone  Candy  sprinkfler  as  before. 


>  7988.  -When  did  you  start  this  experiment,  and  what 
sewage  did  you  use? — ^The  Leedsf  bed  was  started  co 
Deosmlber  7,  1900,  at  a  rate  of  200  gallons  per  square 
Tord  per  24  hours,  which  on  January  21,  1901,  was  in- 
croaasd  to  400  galikMis  per  equace  yard.  I  i^Vmld  say 
that  the  filter  Is  reotanf^lsr,  a  little  over  4  yards  square, 
while  the  action  of  (the  epnnklLer  lis  circiiibar,  4  yacds 
duumeter.     We  have  not  disturbed  the  bed  or  dug  down 


ixy  s^eerta^  'how  soon  this'  circular  distribittioii  -  spreads 
over  the  oomers,  but  we  have  aasumed  that  it  tkes  so 
spread  to  he  complete  ait  half  depth,  and  tiieref  ore  in  the 
calcuilatkA  we  have  taken  the  area  at  haif  way  between 
4  yards  xoomd  and  4  yards  square,  and*  the  400  gaEoos 
per  square  yard  is  ibased  on  this  airear— 44'04  square  yards. 
The  sewage  we  ^uaed  waK  exactly  the  same  aareened- erode 
MW>»g»  as  had  been  put  on  the  tripliootes.  It  coDtsineA 
an  average  of  ahoutt  39  giratns  per  gallon  of  suspended 
\  solids.  The  paper,  matdies^  tea  leaves,  fibre  screened 
off  do  not  usually  come  into  onslyais,  so  that  the  sewage 
was  in  effeot  crude  sewage  containing  all  the  finely  divided 
suspended  solidsi 

7383.  Were  you  able  to  gauge  how  long  it  took  for  ths 
sewage  to  pass  through  th>isr  10ft.  of  coke  in  your  Leeds 
filter? — ^Yes.  We  made  careful  teets  to  ascertain  this. 
We  poured  a  pint  of  strong  coloured  djye  upon  the  surface 
of  tiie  coke,  just  as  the  CSndjr  flfpictaHer  (which  you  will 
remember  is  intermJbtent  in  its  action)  wbs  starting,  and 
we  found  to  our  surprise  that  the  colour  began  to  appear 
in  the  filtrate  after  3  minutes,  while  there  was  the 
maximum  of  coloration  within  4  minutes ;  so  that  the 
liquid  takes  about  three  minutes  in  passing 
through  the  filter.  This  expeaiment  wsfif  several  times 
lepeated  with  the  same  result.  We  also  tried  our  No.  2, 
or  coasae  WhJttaker  bed,  in  the  same  way,  and  found 
the  colour  to  come  through  in  2k  minutes,  mth  full 
coloration  in  3^  minutes.  I  myself  repeated  a  similar 
f'zperiiment  on  Mr.  Stoddard's  filter  at  Bristol,  which  has 
6fit.  depth  <^  ooaiBe  clinker,  and  there  found  the  colour 
to  appear  in  the  filtrate  at  the  end  of  two  minutes,  with 
full  coloration  in  three  minutes.  In  the  Ducat  bed  at 
Leeds,  the  material  of  which  is  fine,  the  time  of  passage 
was  found  to  be  ISmin.  When  one  considers  the  re. 
suite  obtained  in  this  rapid  transit  by  trickling  filtra- 
tion, they  cannot  but  atrike  anyone  as  very  interesting 
and  remarkable. 

7384.  But  could  the  transformstiion  of  enspended  solids 
take  place  an  ao  ^ort  a  time?— 'No.  The  lu^uid  runs 
through  the  filter  very  fast,  but  it  wouM  seem  that  the 
suspended  eoiidstake  a  very  much  longer  time.  It  it 
much  nvore  diiBoult  to  find  out  what  tim  they  do  take 
to  pass  through,  hut  judging  from' the  <tamie  which  passes 
in  a  new  ^rter  before  solids  begin  to  come  out  in  the 
filtrate,  I  should  conclude  that  (n  a  depth  of  Oft.  or  10ft 
of  coarse  material  the  suspended  solids  would  take  10 
days  to  a  fortnight  to  work  through,  and  duining  that  time 
(bhey  are  exposed  not  only  to  bacterial  action,  but  to  the 
digestive  processes  of  Isoge  numbers  of  hi^er  organoema. 
There  are  the  thouslnnds  of  white  flies  (P^ychoda)  which 
one  finds  on  the  coke  for  several  inches  below  the  surface, 
and  the  larvae,  worms,  and  cydops  whooh  are  washed  out 
in  the  filtrate  when  the  flow  is  increased.  The  process 
of  purification  both  of  dissolved  and  suspended  impurities 
would  seem  to  be  influenced  also  by  the  fungoid  {crowi:hd, 
which  develop  on  the  surfiace  of  the  beds.  The  bacterial 
or  oxid^sdng  action  of  the  twkHng  filters  u'pon  dissolved 
impurities  would  seem  to  be  extraordinarily  rapid  and 
efieotive,  since  within  a  three  minutes*  passage  there  is 
aocomplished  a  purification  of  from  80  to  90  per  cent. 

7386.  That  brings  me  to  ask  you  for  the  anailytioal 
results  you  ohtaaned  with  this  filter?— <You  will  le- 
memiber  that  it  was  started  December  7,  1900.  Here  is 
the  avu«ge  of  the  first  six  weekly  analyses  from  De- 
cemiber  13,  1000,  to  January  14,  1001,  and  these  are 
inclusive  of  the  suspended  sdflids.  These  analyses  r^nr 
to  the  period  when  the  flow  was  at  the  rate  of 
gallons  per  square  yard,  or  one  million  per  acre. 


Grains  per  Gallon. 

Total 
Solids. 

Suspended 
Solids. 

Free.  NH,. 

Alb.  NH,. 

Oxygen 
Absorbed. 

Nitrogen 

as 
Nitrates. 

Sewage  sent  on  to  the  Bed .        .       -       • 

Filtrate 

Purification :        - 

103 
68*5 

34 

6-7 

2- 
•272 

86% 

•8 

•107 
86% 

7-86 
•85 

89% 

•434 

7386.  Give  us  now  the  results  when  the  flow  was  in- 
creased to  400  gallons  per  square  yard? — ^I  will  just 
give  the  averages  now.  In  the  sewage  dealt  with  the 
Sree  ammonia  was  1*82,  and  albuminoid  ammonia  '76, 
and  oxygen  absorbed  7*85.  It  will  be  seen  that  the 
sewage  was  somewhat  weak,  because  at  the  time  of  this 
experiment  there  had  been  rain  and  the  sewage  was 
dilute.    Tte   results  of  the  Leeds   bed  filtrate  at  400 


gallons  per  square  yard  were  these :  Free  ammonia 
•598 ;  albuminoid  ammonia  ^106  (very  very  slightly 
above  the  standard) ;  oxygen  absorbed  '741,  distinctly 
under  the  standard  ;  nitrogen  as  nitrates  *193.  Those 
are  averages.  The  nitrates  had  risen  to  2*94  in  one  case, 
and  it  was  considerably  lower  in  others.  The  effect  of 
the  filtration  at  400  gallons  had  been  to  somewhat  re- 
duce tiie  excellence  of  the  results,  not  very  materially, 
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ezcept4ii»t  it  ce^Aoed  the  proporttoa  of  zutrubes.  ,  Those 
resuiis.  are  mciu&ive  oi  tne  suspended  solids.  The 
loUowing  table  shows  the  dilterence  in  the  axialyseSi  both 
inclusive  and  exclusive  of  tUese  suspended  solids,  which 
It  IS  antended.  to  seitie  out  of  ithe-el&uent  before  it  goes 
into,  a  stream.  Here  are  two  analyses  on  January  30th 
and  February  6th.  Inclusive  of  the  solids  the  analysis 
is,  f rea  ammoaxia  '492 ;  that  is  reduced  when  the  solids 
have  been  settled  to  '463 ;  albominodd  amnvoTiiia  with 
the  solids. '096,  without  the  solids  -068;  ooneideraibly 
within  the  standazd.  Oxygen  abeorbed  '769  wibh  the 
solids,  without  the  solids  '511 ;  nitrogen  as  nitrates 
without  the  solids  '189.  Briefly,  the  rosults 
with  400  g^lons  are  very  fair,  but  1  am  disposed  to 
l^ink  that  200  gallons  per  square  yard  is  a  sufficient 
rate  for  a  normal  flow  over  such  a  bed,  and  I  should  lilke 
to  add  this,  that  working  at  400  gallons  we  are  beginning 
to  be  troutxied  with  the  excesd  of  growth_o£  the  Pj^obelus 
on  the  suxface  €ii  the  bed.  Thi^.  is  a  gJKywtii  which  deivetkipe 
most  extraordinarily  on  <the  surface  ol  the  beds.  We 
had  at  one  time  a  great  deal  of  trouble  with  it  on  Ihe 
Whittaker  bed,  when  we  worked  at  a  large  rate  per 
sqoAre  yard.  It  exists  always  of  course  on  ihe  Leeds 
bed,  but  woi^ng  at  200  gallone  it  did  not  choke  the 
surface  ;  working  at  400  g^allons  we  And  that  the  growth 
of  the  Pylobelus  is  excessive,  and  is  tonding  to  pool  the 
sewage  on  the  surface  of 'the  bed.  -I  have  fornied  the 
opinion,  therefore,  that  it  would-  not  be  wise  to  work 
oootiBuously  at  the  400  gallon  rate;  but  that  it  would 
be  q^liie  praotieable  to  work  contiinuously  at 'the*  200 
gallon  iKite,  and  iftiat  it  would  be  prsjctice^ble  to  work 
for  a  short,  time  at  the  400  gallon  rate,  and  I  should 
think, at  a  much  hi^er  rate  mth,  dilute  sewageiB. 

.7(367.  You  paid. the  outoomingi su^q^nded  soUds  were 
not  <  pmtreeoible. .  Havfs  you  made  any  analysis  o£  thom  1 — 
The  analyses  <)i  the  si^tspended  solids  in  the  jLeeds  bed 
ahpwed  loss  on  ignition  pf  55  j>er  cent. ,  and  mineral 
ipalter  46  per  cent. 

yj^S9i  {Chairmap,,  for  Sir,  ^Michad  Foaier.).  You  liave 
QAffWe^ed  hoff  iQuoh  is  .organic,  and  there  is  an  appreci- 
^le. quantity.  Can  you  .say  how  far  the  non-putreecible 
character  .of  which  you  ppeak  is  duo  *to  oomhiiutioh  with 
or  the  presence  of  some  iron  compound,  and  is  at  not 
possible  that  this  non-putreseible  conslatuent  in  the 
effluent  must  in  its  future  course  of  disoharge  into  lihe 
stream  or  otherwiee  by  some  disturbance  of  the  stream 
become  putrescible  ? — {Slr»  Harrison,)  There  ie  no  doubt 
that  the  sludge  contains  a  large  amount  of  iron,  prob- 
ably between  20  and  30  per  cent  It  does  not  seem  to 
be  m  combination  to  any  appreoiablo  extent  with  the 
organic  matter,  but  it  appears  to  exist  there  in  the  form 
of  oxidised  iron  compounds.  These,  of  eourse,  are  fairly 
stable  compounds,  and  will  probably  not  be  ffAng  into 
solution  or  disappear  from  the  sludge  when  me  sludsre 
settles  down  in  a  stream,  so  that  there  is  very  little 
chance  of  the  sludge  becoming  putrescent  through  that 
cause. 

7389.  I  am  not  quite  sure  that  I  quite  understand  your 
answer.  You  do  not  think  the  organic  and  the  in- 
oxganic  in  the  sludge  are  in  combination  ? — ^No ;  not  to 
any  appreciable  extent.  No  doubt  a  small  portion  of 
the  iron  is  united  with  some  of  the  oxj^uuc  matter,  but 
the  mater  part  of  it  oonsitfks  of  occidised  -  iron  com- 
pounds totally  separate  to  the  organic  matter.   '      ' 

7390.  And  then  you  do  nob  think  that  it  ia  possible 
that  the  suspended  solids  which  are  not  putresoible 
would  ever  become  so  ?— I  do  not  think  so. 

7301.  Perhaps  we  might  have  Ht,  Fryers  opinion  on 
the  same  point  7— ^M r.  Frye.)I  agree  iwith  Mr.  BOarrison 
that  a  great  deal  of  it  is  pure  m-ixtuare  in  chemical  com- 
bination. I  think  tliece  is  some, combination  beltween 
the  iroxi  and  organic  -matter,  but  I  think  it  ia  very  un- 
lil^ely  that  they  will  separate  if  they,  a^  only  mixed 
in  the  stream,  because  they  are  such  a  flocculent  pre- 
cipdtate,  the  whole  thing.  I  think  if  the  iron  fell 
that  it  would  take  down  the  organic  matter  with  it. 
The  two  adhering  to  one  another  so  closely  that  the  iron 
would  carry  the  other  down  with  it,  and  they  woq.ld  sitill 
remain  intimately  mixed  at  the  bottom  of  the  river. 

7392.  In  thde  Leeds'  bed  experiment  you  had,  I  think, 
no  artificial  heating  of  the  sewage,  by  using  a  puJsometer 
or  otherwise  ?  How  was  the  work  a^ected  by  the  recent 
severe  weather? — (Chl&nel  Harding,)  The  filtrates  dete- 
riorated considerably  in  the  severe  weather,  and  the 
suspended  solids  which  ordinarily  are  non-pntrescent, 
during  the  severe  weather  are  puire«cent.  The  filtrate, 
including  the  suspended  solids,  was  not  putrescent,  but 
the  solids  themselves  settled  out  were  putrescent,  and 
the  filtrate  after  the  settlemetnt  of  the  suspended  solids 
was  non-putrescent  even  in  tho  frosty  weather,  but  the 
results  foil  off  considerably.    I  think  it  is  isavit^i^le  to 
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eonehida  that  in  the  absence  of  any  roof,  in  the  ahsence       e<fft 
of  any  artificial  heating,  there  would  be  a  distinct  -falling    Harding. 
off  in  the  results  during  severe  frosty  weather.  iiSuTlObt. 

7363.  Do  you  propose  to  ooaftinue  or  vary  this  experi-      

ment  ? — ^Yes.    It  seema  very  adviaable  to  continue  and  to 
extend  our  oxperiments  in  txiokling  filtration.     We  are 
going  to  try  the  Leeds  bed  with  various  distrLbutora, 
and,  if  possible  with  a  greater  depth  of  coke.    It  may 
not  be  practicable  in  most  cases  on  account  of  levels  to 
have  a  great  depth  of  ooke,  and,  of  course,  the  greater 
depth  would  add  to  the  cost ;  but  it  would  be  very  in- 
teresting, in  order  to  get  information,  to  be  able  to  try 
paa»ing  crude  Leeds  aowogo   (screened)    thnnigh,    aay, 
20ft.  of  coke.     I  should  expect  then  to  attain  a  very 
higih  degree  of  purufioaitilon,  afiber   the  nonHpuitrcscniib^ 
suspended   solide  coming  out  in  ithe  fi:ltrate    had^  beeaot 
se,tbled.    Of  course,  .where  land  is  available,  it  i^^probable 
that  some  8  feet  of  ooke  would*  'be  aufficderjit,  and  p^is^age 
of  the  filtrate  through  a  small  dep^  of  soil  wckild  leave 
.behind  the  sjuspended  solide,  and  complete  the  puriilca* 
tdon.     FoiitiunflJteily  the  City  of  Leeds  has  recentlly  beun 
ablQ  to  acquire  a  Jaige  area  of  land  for  sewage  treatment, 
and  if  th^  necessary  powers  are  obtained  for  the  scheme 
it  will  be  posalble  &en  to  so  pass  the  filtrate  over  land. 

7394.  Wi!ll  you  give  us  your  opinion^  so  far  aa  your  ex- 
perienoe  goes^  as  to  the  relative  merits  of  contooi  and 
Trickling  filtrationr-^/hat  is,  of  inteximittent  and  oon- 
tiu<uous  filtration  ? — The  experience  of  another  aix  months 
will  bQ  very  useful^  but  after  foUowins  contact  filtration 
for  nearly  three  years,  and  trickling  Stration  for  nearly 
two  years,  I  think  that  with  an  equal  dep^  of  coke  very 
similar  analytical  results  may  be  obtained  hy  either  ej^ 
tepa  8Q  far  as  the  albuminoid  ammonia  ana  the  oxygen 
absorbed  tests  are  concerned,  hut  the  filtrates  from 
trickling  filtration  will  contain  more  nitrates  and  mora 
dissolved  oxygen,  and  therefore  they  wiU  to  a  greater 
degree  have  witliin  thomaelves  a  capacity  of  further  im- 
provement. But  another  very  important  point  is  this  ; 
our  exp^rmofhts  show  that  in  trickling  filtration  the  mate- 
rial of  the  filter  is  less  disturbed,  and  the  life  of  the 
filter  is  very  much  greater.  So  far  as  I  am  ahle  to  judge, 
trickling  filtration  over  coarse  material  may  be  continued 
for  man^  years  without  need  of  renewal  of  the  material, 
and  indigeetitble  solids  will  pass  out  naturaHy,  and  not 
chioko  up  the  filters  as  they  do  in  thie  case  of  contact  lyeds. 

73j96.  (If  contact  beds  were  oonfltruoted  of  equally  ooaztM 
material,  could  not  the  solids  be  washed  out  juat  as  in 
coarse .  trickling  filtiai  ion  ? — ^I  think  not.  Tho  suspended 
sohds  in  covrae  of  transformatLon  aeem  to  take  a  >diff  erent 
form  in  the  two  systems.  In  contact  filtration,  whether 
owing  to  the  long  quiescent  ooataot  or  otherwisie,  they 
adhere  more  closely  to  tho  material,  and  take  a  spongy 
and  flocculent  form,  while  in  trickling  filtration,  whera 
they  are  continuously  exposed  to  adr  and  to  movement, 
they  seem  to  beoomo  moro  granular  and  lese  adlhefi^sit. 

7306.  Now,  how  do  you  ooanpare  dealing  with  cnid^ 
serwage  direct  on  a  trickling  filter,  as  for  ins^nce  on  your 
Leeds    bed,    with    that   system    which    consists   of   a 
septic       tank       followed      by       trickling        filtration 
over  coarse  material,  as  in  the  "WhJtiiaker  bedsf— Our- 
experience  of  the  Leeds  bed,  thaib  is  of  treating  crude- 
sewage  (screened)  direct  over  coarse  trickling  filtem^ 
is  too  short  to  enable  mo  to  answer  this  question  wilth 
sufBoieni   confidence,    and    in   this    case    engineering - 
questions— queetions  of  cost  and  levels— come  in  largely. 
I  think  it  is  practicable  to  devise  automatic  screening 
to   remove  from   the    sewage    the    grosser    suspended 
solids   and  fibre,   which  are  hut  very  slowly  reduced' 
in  a  filter.    Given  the  satisfactory  removal   of  these 
mafcberS'^  fwhich    are    readily     oomhufrtible   or    other- 
wise  dealt  with,    for  they    are    not    in    the    form    of' 
sludge),  I  think  it  is  quite  praotioable   to  dead   with 
Leeds  sewage  on  tricrfcling  filtws  without  antecedent 
septic  treatment ;  and  I  think  that  possibly  there  will' 
on  this  system  be  a  greater  digestion  of  the  sufi^endied 
solids.       Another    advantage     would     appear    to     be» 
the    aboence    of    nuisance    in    consequence    of    limit- 
ing   the    treatment     to     aerobic     action.       As     fresh 
sewage  does  not  stink,  and  as  its  treatment  on  our 
Leeds  bed  is  marvelilously  rapid,  only  requiring  a  few 
minutes,  I  don't  see  how  any  nuisance  can  poasibly 
arise;  while  with  sexifaic  tanks,  the  septic  effluent  at 
least  is  offensive;  and  as  I  found  at  Accrington  in 
summer  weather,  is  likely  to  cauee  a  smell,  while  •moll 
will  possibly  arise  also  from  the  drying  of  the  septic 
tank  sludge. .  As  a  matter  of  relative  cost,  the  Leeds 
bed  arrangement  will  be  less  oostly  than  septic  tanks, 
followed  by  Whitiaker  ibede. 

•73©7.  As  regards  storm  waters,  is  there  much  to  choose 
between  these  two  systems  ?— I  think  not.    With  tridk. 
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Col.        ling  (filtration,   either  preceded  or  n<yt  bj  tbe^  sepbio 
Harding,    tank,  the  increase  of  flow  due  to  dilution  can  be  dealt 
ftMirTiooi.  with,   and  will  actually  be  useful  in  preserving  the 
filters  from  beooming  ohoked. 

7338.  Then  brieflj  you  pre<fer  trickling  filtration  to 
contact  filtration,  and  you  don't  think  that  antecedent 
septic  action  is  necessary  for  trickling;  filtration,  indeed 
that  on  the  ground  of  probable  nuiaafnce  arieing,  such 
septic  action  is  objectionable? — That  is  my  present 
opinion. 

7399L  I  take  it  that  in  all  your  answers  in  this  ex- 
amination you  are  guided  by  experience  of  Leeds 
sewage? — I  wish  it  to  be  understood  that  my  opindon 
is  based  upon  the  experiments  with  Leeds  sewage,  and 
that  I  do  not  wish  to  express  any  etrong  opinion  in 
regard  to  other  sewages.  There  are  cases  of  speciail 
sewage  like  thiose  of  Bradford  and  Burton-on-Trent  for 
instance,  where  the  Leeds  results  would  be  no  guide  ait 
all,  because  of  the  presence  in  Jaige  vodiuue  at  speoisil 
trade  effluents  in  those  sewages.  Still,  Leeds  sewage 
may,  I  think  be  useful  as  a  guide  for  the  sewages  of 
many  towns  where  the  domestic  sewage  is  mixed  with 
s  variety  of  trade  effluents.  I  <am  inclined  to  think 
from  whisut  I  have  seen  of  the  sewage  of  Manchester, 
Birmingham  and  Sheffield  that  experiments  with  their 
sewages  would  give  results  not  differing  widely  from 
those  with  Leeds  sewage. 

7400.  What  about  mere  domestic  sewage  ? — From  what 
£  have  seen  of  domestic  sewage,  I  think  it  is  easier  to 
deal  with  than  more  complex  sewage,  and  greater 
nitrification  will  be  obtained ;  but  in  connection 
with  trickling  filtration,  without  previous  septic  tank 
treatment,  there  would,  I  fear,  be  a  difficulty,  especially 
in  sniail  instaldations,  because  when  sewage  travels  ondor 
a  short  distance  before  reaching  the  woi^ks,  paper  and 
foBoes  arrive  in  a  somewihat  unbroken  condition,  and 
possibly  with  domestic  sewage  the  septic  tank  may  be 
necessary  in  most  oases,  in  order  that  suspended  solids 
may  reach  the  trickling  filters  in  a  finely  divided  con- 
dition. 

7401.  As  regards  the  bacteriological  f^ures  connected 
with  the  Leeds  experiment  have  you  anything  to  say  to  us  ? 
— On  this  point  mv  knowledge  is  second-^hand.  I  under- 
stand that  the  estimates  for  Leeds  crude  sewage  give 
3  to  4  million  bacteria  per  c.c,  and  that  in  septic  tank 
effluent  this  number  is  more  than  doubled,  being  often 
10  million  per  c.c,  wiiile  the  numiber  in  septic  tank 
sludce  rises  to  hundreds  of  millions  per  cc.  As  the 
resuh  of  filtration  of  crude  sewage  or  septic  effluent 
the  number  is  lai^ly  reduced,  but  is  still  large  in  the 
final  filtrate,  especially  with  coarse  material.  Where 
the  filtrate  is  to  go  a  stream  not  used  for  drinking  pur- 
iposes,  the  number  of  bacteria  lelft  in  the  filtrate  does 
not  seem  to  me  a  serious  objection.  In  the  case  of 
Leeds  it  is  intended  to  pass  me  filtrate  over  land,  if 
the  necessary  Parliamentary  powers  are  obtained  in 
connection  wiHh  the  Gateforth  Estate,  and  in  that  cats 
the  final  result  would  no  doubt  be  very  good  as  to  bac- 
teriological tests.  I  should  prefer  that  on  these  points 
Professor  Boyce,  who  (has  made  examinations  at  Leeds, 
should  be  examined  ;  and  I  should  like  to  add  that 
Mr.  Harrison,  the  chemist  at  the  Knostrop  works,  will 
be  glad  to  answer  questions  on  technical  matters  relat- 
ing to  the  chemistry  of  our  Leeds  experiments.     And 

1  have  here  a  report  by  Mr.  N.  Walker,  whidi  I  will 
read  if  the  Chairman  desires  it,  or  hand  in. 

7402.  Would  it  not  be  as  well  to  have  that  read  ?— It 
seems  to  me  to  be  rather  an  interesting  branch  of  in- 
vestigation which  lias  not  hitherto  received,  I  think, 
much  attention.  It  is  a  study  of  the  visible  grcywths, 
not  microscopic  growths — growths  which  are  obVious  to 
the  eye — and  therefore  I  think  it  might  be  rsitiher 
iiseful  to  extend  this  investigvution  if  Mr.  Wialker  had 
leisure  for  it.     Bhall  I  read  this  report? 

7402*  I  should  think  so. 

PRELIMINABY  REPORT 

Upon  a  Biolo^oaJ  Method  of  determining  the  purity  of 

Sewage  Effluents. 

The  following  Report  has  been  draiwn  from  obeeFVstioiis 
made  from  September  to  January,  1900-1,  at  the  Leeds 
Serwage  Works :  — 

"  A  good  effluent  is  characterised  by  an  association  of 
org»anism8,  the  dbief  o>f  which,  when  present  in  4juantity, 
are  easily  visible  to  the  naked  eye.  The  foJlowing  is  an 
account  of  the  principal  living  forms  dbserTed  in  thie 
effluent  from  the  double  contact  Dibdin  beds,  Nos.  1  and 

2  (Albuminoid  ammonia  0'086  grains  per  gallon,  K.  as 
nitrates  0*36) 


'*  This  filtrate  is  received  in  a  basin  with,  bricked  sides, 
and  provided  with  two  Lps.  During  both  the  summer 
and  winter  months  these  lips  aie  co^»d  with  ocganisms 
characteristic  of  the  effluent  which  'has  been  flowing 
ever  them,  and  they  constitute  as  it  were  a  register  of 
the  (][u^lity  of  the  effluent  which  lias  passed  Ibrough  the 
chamber  for  seveiavl  days.  This  Mving  coat  in  the  pre- 
sence of  a  good  effluent  is  of  a  pale  gre^i  colour,  and  con* 
sists  mainly  of  two  green  fresh  water  alg»,  Stigeoctinium 
tenue,  Ktz,  and  Microspora  fugacissima,  Ag.  Jn  addition 
a  variaible  amount  of  a  'blue-green  aJga  is  visible  upon  the 
lips  wthdch  appears  to  the  naked  eye  as  dark  coloured 
stieaks  interruptiiig  the  pale  green  stratum  in  two  or 
three  places.  These  dsak  bJotobes  consist  of  Osolllaria 
brevis  Ktz,  and  there  can  be  no  doubt  that  their  presence 
serves  to  indhJcate  that  the  effluent,  although  a  compara- 
tively pure  one,  is  stiH  tainted  with  sewage.  This  view 
is  supported  by  the  fact  that  an  increase  of  the  amount  of 
aKbuminoid  ammonia  dn  the  effluent  up  to  a  certain  point 
is  accompanied  by  a  corresponding  increase  in  the  quan- 
tity of  this  species  of  Oscillaria  upon  the  lip,  shown  by  the 
widening  c^f  the  daik  streaks.  A  small  <}uantity  of  this 
alffa  occurs  in  the  effluent  from  the  septic  tanks.  This 
effluent,  however,  is  much  too  foud  to  support  an  abundant 
groTfth  of  this  or  any  other  algal  fonn. 

**  The  sides  of  this  basin  present  a  clean  appearance, 
and  microscopic  examination  of  scrapings  shows  only  a 
few  minute  diatoms.  In  the  summer  of  1900  an  abundant 
growtb  of  Potamogeton  pectinatus  covered  the  bottom. 


The  filtrate  from  the  Oameron  installation, 
single  contact  filtration  of  septic  effluent,  though  much 
inferior  to  that  produced  by  the  double-contact  Dibdin 
beds,  is  non-putrescent  (Alb.  NH,,  0*1S7;  K  as 
nitrates  0*24).  The  inspection  chamlMr  which  receives 
the  effluent  presents  an  untidy  appearance  due  to  thick 
irregular  growths  upon  the  lip  and  sides.  The  lip  is 
covered  by  a  thick  brown  oost,  which  consists  of  a 
fungus  CUadothiex  dichotomia  Ooihn,  with  here  and 
there  green  patches  composed  mainly  of  Stigeoclonium 
tenue.  The  following  aJgse  occur  in  small  quantities, 
mixed  with  the  8tig0ock>nium :  — 

Microspora  fugacissima,  Ag. 
Microtnamnion  Kutzingiana,  Naeg. 
Oscillaria  formosa,  Bory. 
Naxicula  mesolepta  Ehr,  and  other  diatoms. 

"  The  foUoiwing  anamals  inhabit  the  aJgai  mesbwork :  — 


Chilodon  cuculluliis.     Mull. 
Lite  notus  fasciola  Khr. 
Paramsscium  anrielia  Mull 
Chironomus  larnac.  i 

Rotifer  vulgaris  Schrank.     / 


'} 


a  few. 


abundant 


''The  sides  of  the  ctbamiber  are  covered  with  a  very 
thick  flocculent  growth,  consisting  of  a  foul  water  inf usar- 
ian  Oarchesium  Lachmanni  Kent. 

"  The  predominant  growth,  of  Cfladothrix  upon  the  lip 
points  towards  a  tainted  condition  of  the  effluent.  This 
growth,  taken  along  with  the  abundant  Oaichesium,  conr 
dusively  indicates  the  presence  of  a  large  amount  of 
oi>ganic  matter,  and  this  is  further  supported  by  the  pce- 
sen'^e  of  the  ciliated  infusorians,  which  love  organic  in- 
fusions. 


"The  occurrence,  however,  of  Stegeoclonium,  Micio- 
spora,  and  Microthamnion  constitutes  a  redeeming 
feature,  and  serves  to  show  that  the  effluent  is  rich  in 
nitrates,  and  is  not  putrescent. 

**  I>UTing  December  a  coneideraible  change  of  aiganisms 
took  place  in  the  effluent  from  the  Di'bdin  doulble-contact 
beds,  Nos.  1  and  2,  due  to  a  change  in  the  treatment 
These  changes  indicated  in  the  dearest  manner  a  cor- 
responxling  deterioration  in  the  purity  of  the  effluent 

"  The  first  indication  of  failure  easily  noticeable  was  a 
broadening  of  the  streaks  of  Oscillaria  brevis.  Micro- 
scopic examination  of  the  green  stratum  revealed  the  pre- 
sence of  a  small  quantity  cS  dadothrix.  A  few  days  later 
a  thin  growth  of  Carahesium  Lachmanni  appeared  upon 
tbe  Bides  of  the  ohamlbar.  With  the  Oarchesiimi  occuned 
the  following :  -^ 

Yofticella  microstoma  Ehr., 
Vorticella  neibulif  era  Ehr. , 
YortioeJila  putrinum  Mudl., 
Litonctus  uisoioikt, 
Miorotbamnion   Kutzingiana, 
Stigeodinium  tenue, 
Ok^othrix  dichiotooia, 
Rotifer  vulgaris. 

"Of  those  may  ibe  mentioned  the  outstanding  forms 
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which  accompany  an  increase  in  tihe  amount  of  albuminoid 
Ammonia :  — 

Garchesium  Laohmanni, 
Oladotihtrix  dichotoma, 
Oscillaria  brevis. 

When  i>ro^<^nt  in  quantity  these  fprma  are  easily  risible 
to  the  naked  eye. 

"  Ducat  bed. — ^Towards  the  end  of  Novemlber  this  bed, 
through  surface  clogging,  produced  a  putrescent  eiiluent 
(alb.  ISH3  0-3).  This  soon  became  apparent  upon  the 
lip  of  the  inspedion  chamiber,  which  became  coated  with 
A  layer  of  almost  pure  Gladothrix.  Aft  the  foul  effluent 
continued  to  pass  through  the  chamber  the  Cladothrix 
growth  increased  in  thickness,  and  in  a  fortnight  from 
ts  first  appearance  hung  in  brown  floooulont  masses  upon 
Its  side  and  lip.  k  little  Beggiatoa  alba  Vauch  had 
now  made  its  appearance.  In  habiting  the  dadothrix 
mesh-work  the  following  infusorians  wore  observed :  — 

Yorticelila  microstoma, 
Stylonychia  pustulata  Ehr., 
L'tonotus  fia^'jola  £hr., 
BEMramsBoiiim  aurelia.. 
Astasia  trichophpra  Ehr., 
Heteromita  lens  MuH, 
and  a  worm,  Acoloeoma  hemprichii.     Thds  association  of 
Cladothrix  and  infusorians  devoid  of  any  algal  forms  in 
an  effluent  well  exposed  to  light  indlcartes  a  putrescent 
condition  and  poorness  in  nitrates.  • 

''  During  this  initial  stage  of  investigation  upon  the  life 
in  sewage  affluents,  the  following  advantages  of  tl^e  method 
readily  d-eterminlng  their  purity,  outlined  in  this  report, 
have  clearly  presented  themselves. 

1.  If  an  effluent,  or  a  portion  of  it,  be  passed 
thiouRh  a  suitable  inspection  chamber,  it  registers 
its  condition  upon  the  sides  and  lip  of  the  chamber. 

2  The  oiganisms  present  in  the  chamber  register 
the  "condition  of  the  effluenrt  whcch  has  passed  through 
it  for  some  time,  and  indicates  the  average  purity  of 
th,e  effluent. 

3  The  impossioiiitv  of  indticing  the  formation  of 
any  growth  without  a"^ corresponding  condition  of  the 

^®^^*"  " NoBMAN  Walme. 

*•  Yorkshire  College,  Leeds.*' 

7403   I  think  you  have  formed  an    opinion    as   to 
physiological    tests   in    connection   with    your   sewage 
effluents  and  filtrates.       Do  you  wirih  to  say  anything 
about  this?— Yes.    The  test  as  to  coarse  hafc  Hvajig  and 
thriving  in  an  effluent  seems  to  me  valuable  evidence 
of  the  'presence  of  dissolved  oxygen,  and  the  absence  of 
much  impurity.  At  Leeds  the  filtrate  from  each  separate 
experiment  passes  through  a  brick  basin  about  10ft. 
X    6H.,  with  two  lips,  which  form  little  reservoirs  of 
2ft.  and  4ft.  depth.    These  are  reception  chambers  re- 
taining some  of  the  effluent  wWch  Jias  passed.     The 
bottom  of  the   chamber  was   formed  of  white    glazed 
bricks,  and  when  kept  clean  showed  off  the  filtrates^ to 
best  advantage.     But  I  soon  found  it  necessary  to  gave 
instructions  that  these  basins  were  on  no  account  to  be 
cleaned  or  disturbed,  so  that  one  might  investigate  the 
growth  which  formed  on  the  lins  and  on  ti*^®^™"?- ,  ^ 
have  formed  a  strong  opinion  that  -the  dharacteff  of  the 
iziowth  in   tiiese  outflow  basins   and  m  the  ah^neJB 
through  which  effluents  and  filtiwtefl  paes,  offer  to  the 
eve  an  obvious  general  test  of  the  cttiaracter  01  the  fluid 
passing  over  or  through  them.    In  the  case  »f  8fw»ge 
or  septic   tank  effluent,  we   find   grey  and   light  ftud 
dark   brown  growths,  whidh  .are   charactenstac  (rf  im- 
pure conditions,   whUe  in  good  biological   filtrates  we 
find  green  growths  whidh  we  associate  with  relatively 
ffood  conditions.     I  was  much  interested  in  this  matter, 
and  instructed  Mr.  Norman  Walter,  of  the  Biological 
Department  of  the  ToiMiire  College,  Leeds,  to  pre- 
pare for  me  microscopic  slides  of  the  animal  and  vege- 
table features  connected  with  our  basin    and  wowatly 
he  has  been  in^ertigating  for  me  some  <rf  the  growths, 
and  prepared  the  pralimMMffy  report,  which  I  have  jwb 
read.  Hereaches  tihe  oon<du«on  that  m  pa«axig  ^wwgh 
a  basin  or  chaamel  an  efflueat  regiatera  its  conditaon  on 
the  sides,  and  th«t  the  argajuiams,  fung,  aJgjs,  iMuwria 
indicate  the  average  purity  ol  the  efflueot  which  Ikas 
passed.  A   growth  cannot  be  indticed  wWiout  a  oorre- 
sponding  condition  of  the  effluen*.    I  tiimk  ^e  sabieot 
well  worth  further  investigortdon.    We  fonnd  ftih  to  me 
well  in  our  beat  filtrate.    One  paridculaff  brown  carp 
has  been  living  in  one  off  our  filtrate  basiaie  since 
October,  1807.    Frofps,  too,  wmMann  miake  their  heme 
in  the  bawn  for  long  periodi. 


7405*.  Perhaps  I  might  jufit  ask  you  one  queation  as        CoU 
regards  the  chemical  analyses.     Gould  you  tell  us  on    Barding. 
wliat  number  of  observatbionfl  the  averages  which   yott  5  Mar.  1001. 

have  given  us  are  based? — Yes.  

For  No.  2  contact  bed  on  163  analyses. 

4  „  161 

6  „  76 

7  „  24 
.8  „  38        ., 

For  No.  1  septic  tank  effluent  on  96  analyses. 
For  Cameron  process  on  54  analyses. 
For  No.  1  Whittaker  bed  on  82  analyses. 
..      2  „  111 
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7404.  (Professor  Bamsay.)  What  is  the  size  of  thia 
bed  you  have  been  talking  about?— The  Leeds  bed  is 
17  square  yards.    It  is  our  old  triplicate  bed. 

7406.  Yes^Well,  this  triplicate  bed  wae  trans- 
formed into  the  single  bed  by  keeping  the  third 
triplicate,  and  building  up  its  walls  sufficiently  high  to 
receive  the  coke  from  I.  and  II.  in  one  column.  The 
same  material  was  used.  I  have  here  some  samples, 
which  may  be  of  some  little  interest. 

7406-7.  (Ma;or-(?enera2  Carey.)  Does  the  fine  material 
account  for  the  superiorii?^  of  the  amalym  of  the  Duoat 
filter,  on  page  20  over  the  Whittaker  filter?— It  does 
undoubtedly  account  for  the  adjnirable  reealt  which  ure 
get  on  the  Ducat  bed,  when  it  is  working  well.  We 
get  distincitly  the  best  results  on  the  works  from  ihe 
Duoat  bed  when  it  ie  woridng  well,  bat  those  good 
oooKiitions  cannot  be  maintained,  because  afltor  about  • 
month  the  sui^hioe  becomes  doggwl,  then  yon  get  a  de- 
terioration, and  tiie  deterioralfaioai  is  bo  complete  that  if 
you  let  it  go  on,  eay  for  six  or  seven  weeksy  what 
comes  out  analyses  nearly  ae  bad  as  the  crude  sewege 
whdch  goes  on. 

7406.  Your  Leeds  bed  is  reotangnlar,  and  wifch  a  oir- 
cular  sprinkler? — Yes. 

7400.  When  the  sprinkler  revolves,  is  not  part  of 
the  sewage  carried  completely  over  the  filters  f—Orer 
the  corners? 

7410.  Yes?— It  is  not  on  the  surface  The  comers 
on  the  surface  are  quite  dry. 

7411.  The  eprinikler  is  inside  the  rectangle?— The 
sprinkler  has  a  circular  action  of  about  4  yards 
(Hameter,  and  the  coke  is  square,  4  yards  square,  and 
there  were,  therefore,  comers  whioh  are  not  sprinkled 
at  all;  but  the  sewage  undoubtedly  spreads  over  the 
corners  as  it  gets  down  in  depth.  We  have  assumed, 
as  you  will  see  in  one  of  my  answers,  that  the  distri- 
bution becomes  complete  at  about  half  depth,  and, 
tlierefore,  in  our  calculation  we  have  taken  half  the 
difference  between  the  circular  and  the  square  Area. 
and  Vi'e  have  calculated  the  400  gallons  and  the  200 
gallons  per  square  yard  upon  such  medium  area. 

7412.  Why  do  you  expect  to  get  these  more  per- 
manent results  in  the  "Leeds"  than  you  iiaive  in  the 
"VMiittaker  or  Ducat  filter? — I  do  not  expect. 

7413  You  say  the  life  of  the  filter  is  more  perma- 
nent  ? — ^I  do  not  think  I  have  said  the  life  of  a  filter 
constructed  as  the  Leeds  filter  will  be  greater  than 
that  of  the  Whittaker  bed,  beonuse  I  do  not  think  there 
trould  be  any  difEerence.  The  construction  is  very 
similar ;  it  consists  of  coarse  material.  I  think  both 
of  them  would  last  equally  well.  The  only  difference 
is  that  in  the  Leeds  bed  we  are  dealing  with  septic 
e^ueut ;  and  I  was  very  anxioue  to  see  whether  the 
antecedent  anaerobic  treatment  was  a  necessity,  or 
whether  it  would  be  possible  by  trickling  filtration  over 
coarse  material  to  bring  about  the  results  obtained  by 
the  Whittaker  bed  without  the  previous  septic  treat- 
ment, and  I  think  the  experiment  shows  that  these 
results  can  be  brought  about  without  the  anaerobic 
action. 

7414.  {Professor  Bamsay.)  Have  you   ever   tried  the 
Whittaker  sprinklers  cold? — Yes. 

7413.  Does  it  make  mfuch  difference  ? — We  tried  In  the 
first  instance  the  Whittaker  bed  not  only  with  the  in- 
crease of  temperature  caused  by  the  pulsometer,  but  with 
an  addiitional  injection  of  steam,  and  we  found  th<kt  that 
was  an  excessive  rise  of  temperature,  and  would  obviously 
be  too  ooetly,  and  after  a  while  we  gave  it  up.  Then  we 
worked  for  a  considerable  period  with  the  increased 
temperature  due  to  pulsooneCer,  and  finally,  desiring  to 
know  in  the  case  of  the  Whittaker  whether  we  could  pass 
through  this  winter  without  any  artificial  heat  at  aU,  we 
removed  the  pulsometer  and  substituted  a  donkey  pump, 
in  whdoh  the  condensed  steam  does  not  max  with  the 
sewage,  m  which  there  is  no  Inoreaae  of  temperature  due 
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.Ofl        to  ihe  pwruping^    I  hsaye  been  ftway  firooa  Loeds  during 

^^tur^MHf'    %he.  eeyere  weather.    Mr.  Hafrrison,  perhaps,  will  be  abl« 

Mwilwi.  toiell  you  whethOT  the  Whittaker  bed  has  given  detmo- 

—^ —      xating  results  during  the  recent  €o]d  weather.    I  should 

expect  that  it  would. 

{Mr.  Harrison.)  Yea,  the  results  have  inclined  to  be- 
come opakscf  nt  during  frost.  The  nitrlfioaition  hae  de- 
creased, but  the  effluent  as  a  whole,  juab  as  it  comes  from 
the  filters,  has  been  nonputrescent  in  every  case ;  the 
Boiiid  matter  settled  from  the  effluent,  however,  hjM  been 
putrescent. 

7416.  Is  there  much  solid  matter  ?-— About  5  ta  7  grauns 
per  gallon* 

;  7417.. The> same  as  there  irae  before^Yea.  (Colonel 
Harding.)  And  the  TmaMa  Kr.  Hannsoit  hiaa  bean:  re^ 
feridng  to  are  exactly  the  same  as  those  I  have  been 
giving  in  oonneotioii  wiifah  the  Leeds  bed.  -Che  ooa- 
struQtion  of  the  bed  is  the  same,  and  naturally  one 
would  expect  tibat  tihe  effect  of  Iroet  would  be  the  flwme 
in  bdfch.  ' 

7413.  Are  there  anv  data  ae  to  the  aotual  coat  of  treait- 
psg^l^ere  ar^  no  data  .a9  regards  LtCi^ds,  bijit  there  are 
M  T^a^k  Aporlng^n.  W>hi$ia  I  v^  ^  Accrington  I 
apkied  questions  px>m  the  engineer  there,  and  Mr, 
Whi^ttaker.  .The  "cost. .of.  heating  the  sewage  at  that 
pjace  WW  l>©.C>u^'tt.i^,thft.^<^  • 

•.r.74i9.'}a^it  revy^  ooasiderahAe  Tr-iKf  I  iem«i»ber  xight^ 
BpiagHBg  quitet  fr^mt^ineiwwji  it  was  abovt  £700  a  year 
i^  tUe  Ajocoingtpn  9ewage. . 

>  J7420.  Mu^h  'tive'  same  ex>pense  lor  the  pumping  with- 
out h^atLng-ae^e  co0t  of  a  donkey  pomp  and  injector? — 
I^  thuik'it  would* 'be  cheaper -to  pump  with*  the  ordinaay 
paiifep<than  wit^  paleametera. 

7421.  With  youf  own  Whittaker  'bed,  the  circular  one 
#hich  JweluK»r,  are  th^j^efiods  off  clpgQBfing  coming  moie 
oloeely  together  and  getang  more  frequent ;  does  it  re- 
fqpixe  wasihixig  .out.  mare  frequently  tbap:  i<t  did  % — ^Do  you 
jae^n&e<Whittaker]|atea?...      ^ 

7422.  The  Whittaker  bed?— It  has  never  been  washed 
out.'but  once ;  the  coarse  Whiittaker  bed  hiaa  only  been 
wia«hed  out  once. 

7423.  I  mean  the  circular  Whittaker  bed?— There  are 
two  circular  Whdttaker  beds. 

7424.  I  mean  the  old  one?— *The  old  one  cannot  be 
effeotivefy  washed  ouit,  it  is  too  fine.  At  Utifi  present 
mdment  it  is  ont  of  wwk.  The  second  one,  the  coarse  one, 
has  been  successfully  washed  out 

7425.  Once  t— Once.  It  has  only  required  dt  once,  but 
as  I  pointed  out  in 'my  answer  in  referring  to  that  ques- 
tion &e  washing  out  would  take  place  automatically  by 
the  increase  of  Hew  during  storm  times,  and  that  appears 
to  me  to  be  a  very  interesting  thing  in  connection  with 
trickling  filtration,  that  storm  waiters  may  be  dealt  with 
in  laiger  volume,  not  only  without  damage,  Irat  with 
poftitvve  advfmibage  to  tiie  bed ;  tinit  at  sudh  times  ac* 
cumulations  of  ii^tigestible  soibda  in  a  bed  will  ibe  washed 
out. 

.7406*  Would  the  effect  tif  storm  water-  going  on  to  a 
Whittaker  be  to  make  the  arms  go  round  more  rapidly  1 
•^With'.a.W1uittaker£>apiriBklerit  mvald  be  to  increase 
the  flow  through  the. holes,  and,  tbei*efore,  to  promote 
live  rotation  of  the  sprinkler. 

'74871  WouW  you  work  the  pulsometer  more  xapidly  t 
— ^Necessarily  if  tiiere  was  more  to  pump  the  poleometer 
would  have  to  work  more  rapidly. 

.7428L  Then  that  would  involve  constant  atttention^  of 
course?— The  cont  of  pmnping  would  be  in  proportion 
to  the  volume  pumped.  . 

7429.  NatosBlly,  but  I  mean  someone  would  have  to 
be  on  the  oatlook,  withoni  there  is  a  storm  oyerAow  to 
regulate  the  pumping  accordingly? — Certainly,  the 
pumping  mxu^  be  regulated  to  the  volume  passing 
through  the  septic  tank.  That  is  an  advantage  of  the 
Candy  sprinkler,  that  its  increase  is  automatics  The 
head  is  not  a  large  head,  and  as  the  volume  paesing  on 
is  pnreaiter,  the  times  of  intermiseion  bcrtfween  the  sprink- 
ling become  shorter. 

7430.  Is  it  the  case  that  the  suspended  solids  of  the 
Whittaker  bed  effluent  are  not  usually  putrescent?— 
They  are  not  usually  putrescent,  but,  as  I  said  just 
now,  ithey  have  b^n  putrescent  during  this  severe  cold 
weather. 

7431.  Has  this  been  tried  anywhere  else  except  at 
Leeds?— Oh,  yes,  the  Whittaker  system  is  tried  on  a 
Tery  much  larger  scale  than  at  Leeds  at  Aoerinfl^n. 

743B.  I  know,  but  is  it  found  that  the  suspended 


Eolids  at  Accrington  are  putrescible? — At  Accrington 
Mr.  Whittaker  told  me  that  they  are  not  putrescible, 
but  I  understand  from  experiments  recently  made  by 
Mr.  Frye  that  they  are  found  to  be  putrescible. 

7433.  Mr.  Frye,  do  you  corroborate  that? — {Mr. 
Frye.)  Tes,  on  all  occasions  I  found  them  putrescible. 
{Colonel  Harding.)  Is  it  because  of  the  iron  at  Leeds ; 
is  that  the  reason  ?  {Mr.  Frye.)  That  is  possibly  the 
reason  why  ihej  are  not  at  Leeds  and  they  are  at 
Accrington. 

7434.  {Mr.  Killick.)  They  are  found  to  be  putrescible 
at  Rochdale,  I  believe  ?—<Co2one2  Harding.)  It  ia  &ar 
to  add  that  at  Accrington  they  are  working  at  double 
the  rat^  we  are  at  I^eeds;  they  are  :working  at  400 
gallons  per  square  yard,  and  the  time  of  passage  of  the 
solids  throuflh  the  filter  ought  to  be  correspondingly 
reduced,  and  jtbere  would  not  be  the  same  time  for  tiie 
change  to  take  pl^/ce.  .1,  think  the  non-putrescibility 
of  the  solids  at  Leeds  may  be  due,  in  large  part,  to  the 
fact  that  the  flow  is  slower  at  Leeds  than  it  is  at 
Accrington. 

7436.  {Professor  Ramsay.)  Is  it  proposed  to  press  the 
sludge  from  the  Whittaker  beds? — I>o  you  mean  at 
Accrington  f 

7436.  At  Leeds  ? — No  ;  there  would  be  no  objection  to 
pressing  the  sludg^e,  but  the  idea  at  Leeds  will 
be  to  psiss  the  filtrate  over  land.  The  Corporation  of 
Leeds  has  secured  a  lai^e  estate,  and  the  idea  is  that  if 
the  Whittaker  bed  were  adopted,  following  the  septic 
tank,  or  the  Leeds  beds  were  adotpted  without  septic 
tank,  the  effluent,  containing,  as  it  does,  a  considerable 
amount  of  suspended  solids,  will  be  passed  over  the 
land ;  those  suspended  solids  whidh  are  usually  non- 
putrescilble  will  remain  on  the  surface  of  the  land,  and 
be  ploughed  into  it,  and  all  you  would  require  of  the 
land  would  be  this  mechanical  separaition  of  the  sus- 
pended solids,  and  a  very  trifling  purification,  because 
the  main  part  of  the  purification  will  have  been  accom- 
plished before  the  effluent  reaches  the  land. 

7437.  {Major-General  Carey.)  At  what  rate  of  flow  of 
the  Whittaker  bed  ?  •  I  thixik  Mr.  Whittaker  said  in 
regard  to  the  flow  of  400  gallons,  that  the  sprinklers 
would  not  work  unless  the  pulsometer  were  working  at 
that  rate? — ^I  think  what  he  said  was  that  his  pulse- 
meters  would  not  work  at  a  lower  rate.  Of  course,  by 
changing  the  pulsometers  you  could  get  pulsometera 
which  would  work  at  a  lower  rate;  but  if  he  had 
reduced  the  rate  from  400  to  200,  it  meant  doubling  the 
area  of  the  installation,  and  doubling  the  cost  of  the 
installation,  and  he  considered  that  the  results  obtained 
at  the  400  gallon  rate  were  good  enough,  he  hoped,  to 
satisfy  his  authority. 

7438.  There  was  no  difficulty  about  it? — I  do  not 
think  so ;  it  is  a  mere  question  of  changing  the  pulso- 
meter. 

7439.  {Professor  Bamsay.)  .Bdore  we  leave  the  sub- 
ject :  has  anything  been  done  as  regards  removing  the 
iron  ^--I  am  bound  to  say  thisi  since  we  have  taken  to 
trickling  filtration  we  liave  become  in,  a  manner  re- 
conciled to  .the  presence  of  the  iron. 

,  74^.  It  would  not  be  possible  to  make  temporary  ex- 
periments br  removing  the-ii«on'?--])t  would  be  possible, 
but  it  would  be  costly.  I  intended  at  one  time,  I  think 
I  mentioned  it  to  the  Commission,  to  try  the  experi- 
ment. I' found  the  cost  would  be  probably  £600  to 
try  it.  It  would  mean  that  the  effluent  from  the  large 
works  whence  this  iron  comes  would  have  to  be  con- 
ducted direct  to  the  river,  a  considerable  distance,  and 
I  found 'the  cost  would  be  about  £500  to  do  that  I 
could  get  the  permission  of  the  Bivers  Board  for  it  to  be 
done  experimenttally,  but  we  ciUne  to  the  conclusion 
that  it  would  be  hardly  worth  the  expense. 

7441.  (Dr.  MoQinoan,)  Would  it  not  be  worth  the 
trouble,  because  you  have  been  dealdng  with  sewage 
containing  both  f^e  and  ifon^  and  that  would  enable 
you  to  say  which  produces,  thbs  clogging,  the  fibre  of 
7ron?*— The  fibre  scnroely  aoqiee  in  in  Mb  Leeda  bed 
experimefp^,  beoauee  it  is  screened  off. 

744d.  iSt  struck  me  as  being  a  very  interesting  point 
practically  9-*--We  screen  off  fSie  ffibore,  and  «a  regard  ta 
the  iron,  the  removal  of  the  iron  wiiich  comes  from  these 
particular  works  would  not  do  away  with  all  iron  in  otur 
sewage.  Troil  reaches  the  sewers  from  a  considerable 
number  of  sources,  and  it  would  be  I  suppose  quite  im- 
possible to  keep  iron' out  al<together;  and  in  trickliiig 
filtration  iron  does  not  seeia  to  do  any  Berioas  damags 
beyond  incieasing,  to  eoine  extent,  the  v«olnme  of 
the  suspended   solids,  non-putrescible  solids,    in  the 
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fikvAte,  and  no  ^oubtto  a  certain  extent  taking  np 
oxygen  which  would  be  useful  in  dealing  with  organic 
matter. 

7443.  {Professor  Ramsay,)  Have  yon  given  the  resalts 
of  analyses  of  the  Whittaker  beds  effluents  in  a  tal>h»9 
— ^Ydfl.  Those  you  will  find  fully  detailed  in  answer  to 
Queetion  7369. — "Q.  Have  you  any  analyses  of  the 
filtrates  of  your  No.  2  WhittaJcer  bed  ?  "  I  have  put  in 
a  table  and  you  will  find  a  oomparison  of  the  same 
filtrates  with  and  without  the  suspended  solids. 

7444.  Oould  Mr.  Harrifion  give  me  the  figures  for 
die  worst  effluent  yon  have  'b£^7  Tlhes^  are  averages, 
what  is  the  worst  result  ?— With  all  the  solid  matter  in 
it  has  been  from  *3  in  albuminoid  ammonia. 

7445.  That  is  during  the  past  winter? — ^No,  I  have 
never  had  it  so  bad  ;  during  the  last  winter  it  has  never 
been  above  *25. 

744^.  I  suppose  you  regard  side  aeration  to  be  desir- 
able?— (Colonel  Harding,)  iJt  seema  to  me  to  be  of  no 
vahie  whaftever.    The  (moment   the  surface  4>eoomes 
clogged  the  results  become  very  bad  indeed. 

7447.  Would  not  that  simplify  the  construction  ? — ^In 
the  Leeds  filter  we  have  no  side  aeration. 

7448.  Is  it  in  fact  a  Ducat  filter,  ivdthioat  side 
aeration? — ^That  is  sa  The  principle,  of  the  Ducat 
filter  is  the  same  as  the  Leeds  filter;  it  is  trickling 
filtration  of  screened  sewage.  The  reason  why  the  one 
is  permanent  and  the  other  only  transient  results  is 
that  in  the  one  case  the  material  is  coarse,  and  in  the 
other  the  material  is  fine. 

7440.  Is  there  no  breaking  down  ? — Oi  the  material  ? 
I  iiave  not  been  able  to  get  that,  but  I  ehould  say  for 
practical  purposes  there  is  no  breaking  dcwn,  because 
the  coke  is  not  disturbed  in  any  way. 

7450.  I  suppose  there  is  ino  breaking  down  in  the 
Whittaker  beaa? — ^No,  verjr. little;,  thieve  is  breaking 
down  in  the  surface,  which  may  be  doe  to  atmoapheric 
action ;  but  it  is  mainly  due  to  walking  over  the  bed 
to  atten4  to  the  sprinkler.  Ck>nstant  walking  over  the 
bed^.th^re  is  a  little  crushing  down  ot  the  material  on 
the  top,  but  the  degradstipsi  of  the  material  takes  place 
to  a  greatly  lees  extent  in  trickling  than  in  contact 
filtration.  We  we^e  very  mtich  struck  with  that.  Dur- 
ing the  period  we  used  our  triplicate  bed  as  contact 
beds  there  has  been  no  api^rent  change  in  the  material 
for  a  long  period,  used  as  trickHna  beds,  but  during  the 
week  that  we  used  it  for  contact  filtration  the  effect  was 
very  remarkabla  We  found  coke  floating  on  the  sur- 
face, and  we  found  that  it  rose  and  then  sank  again,  and 
in  s<Mne  parts  the  surface  sank  as  much  as  a  foot 

7451.  There  has  been  no  sinking  in  the  Whittaker 
bede? — No,  iK>r  in  the  Leeds  bed.  It  is  difficult  to  see 
how  it  could  arise  ;  there  is  no  change  in  the  conditions. 

7452.  How  are  you  diatributing  on  to  your  Leeds 
beds?— ^By  means  of  a  Oandy  aprinkler. 

7453.  Do -you  prefer  that,  to  a  Whittaker? — Yes, 
although  the  Oandy  sprinkler  has  the  ddsadvan- 
tage  of  being  intermittent,  and  causing  the  sewage  to 
pass  through  in  rushes.  To  that  extent  it  is  a  dis- 
advantage. On  the  other  hand,  the  Candy  aprinkler 
has  this  advantage,  that  while  it  works,  it  works  at  a 
greater  pressure,  because  out  of  five  minutes  it  only 
worke  one  minute,  and  whereas  the  same  volume  would 
be  spread  over  in  five  minutes  by  the  Whittaker  sprink- 
ler, that  volume  passes  through  in  one  minute  by  the 
Candy  aprinkler,  and  while  it  works  at  a  greater  pres- 
sure the  holes  are  more  easily  kepi  clean.  It  does  not 
want  'SO  n^uch  attention,  and  it  also  works  with  a 
amaUer  head.  Incidentally  there  may  be  this  further 
advantage  in  the  use  of  tiie  Candy  sprinkler  for  use 
with  crude  sowage,  that  the  intermittence  has  some 
effest  in  choking  the  growth  of  the  pilobelus  on  the 
surface. 

7464c  Which  tenda  to  Mock  the  surface  ?— Which 
tends  to  block  the  surface  in  continuous  filtration.  I 
Tsoently  visited  Bristol,  and  I  saw  ^ere  the  effect  of  the 
rain  dropping  system  of  Mr.  Stoddait,  and  there  was 
there  a  pilolMlua  growth  upon  the  coke,  but  the  eewage 
that  <be  is  dealing  with  is  so  exceedingly  weak  that  it 
was  not  excessive,  it  did  not  interfere  with  action,  but 
if  we  had  conitinuous  trickling  with  the  Leeds  sewage 
at  anything  Hke  the  rates  which  are  being  used  at 
Bristol,  I  am  quite  sure  we  should  have  a  pilobelus 
growth  which  would  stop  the  action  before  very  long. 

7455.  Is  there  not  a  very  great  amount  of  cleaninfp  and 
poking  out  of  the  holes  necessary  in  connection  with  the 
Whifcteker? — Very  considerable.    I  believe  we  are  ob- 


liged to  dean  them  out  ailmosl  daily^.    The'-roah*^>l«water       ow.^ 
through  the  holes  is  very  «iow  on  aocouab  ef  the^sma^l     •iWn^^ 
quantity  which  passee  on  '200  gallooe  per  squaM  favd  5  m^^^^isoi. 
working  oontinu<Mialy,  and  it  requires  constant  attentieBi' 
and  themechaiiioal  contrivance  of  the  Whitfcaifier  spd]ikl» 
is  vexyfar-from  being  satisfactory. 

7456.  Ahd  as  to  cost  of  picking  out? — Kot  only 
serious,  but  almost  prohibitive. 

7457.  And  the  Candy  spdnkler  ?— Wlith  the  CUndy 
sprinkler  the  trouble  would  be  considerably  less,  but  1 
hold  the  opinion  that  as  yet  we  have  no  satisfactory  sys- 
tem €'f  diBtribution  upon  continuous  beds.  Ko  douot  the 
idea  is  to  hav9  a  distribution  of  sewage  equally  over  the 
whole  surface.  You  get  that  in  the  Stoddart,  but  I  am 
afraid  that  would  not  act  effectively  with  sewage  con- 
taining any  considerable  amount  of  suspended  solida. 

7456.  Is  there  much  raking  out  of  the  Stoddart 
sprinklers  ? — ^Th«  Stoddart  distributor  requires  Very  fre- 
quent attention  at  Bristol 

7459.  The  gutters  fill  up^^The  gutters  fill  up.  At 
Leeds  I  am  quite  aure  that  they  would  require  daily  at- 
tention. I  -may  add  that  eince  my  visit  to  Bristol  we 
have  ordered  a  Stoddart  distributor,  and  we  are  going  to 
put  up  a  small  bed  so  as  to  test  the  advantages,  if  any,  of 
the  Stoddart  distributor. 

7460.  Do  you  propose  this  Leede  filter  as  suitable  for 
other  sewaees  besides  Leeds,  or  is  it  specially  adapted  to 
the  special  aewaffe  of  Leeds? — ^It  is  a  veiy  interesting 
experiment.  I  tnink  it  would  be  applicable  to  other^ 
sewages,  but  I  think  I  have  said  in  some  of  my  answers 
that  I  ahould  douJbb  the  possibility  of  putting  domestic 
sewage  of  email  inatallations  direct  upon  such  a  bed,  be- 
cause I  find  that  in  small  installations,  where  the  eewage 
travels  a  short  distance  before  it  reaches  the  works,  the 
faeces  and  paper  and  so  on  reach  the  works  in  pract-cally 
an  unbroken  condition,  and  it  would  be  impossible  to. 
put  those  in  such  a  form  upon  the  bed,  and.  to  attempt  to. 
screen  them  off  you  would  screen  off  everything. 

7461*  Would  you  advise  a  septic  tank  and  then  the 
Leeds  'beds  i — I  think  in  the  case  of  domestic  sewage  a 
septic  tank  is  almoet  necessary  for  the  purpose  of  breaking 
up  the  suspended  eolids  into  a  finely  dividled  condition. 

7462.  And  after  that  the  Leeds  bed?— And  after  that 
it  would  become  a  sorti  of  Whittaker  bed! 


7463.  Except  that  it  would  rest  upon  the  ground 
Yes.  In  the  case  of  Leeds  I  must  say  I  do  not  see  that 
there  is  any  necessity  for  antecedent  septic  action,  and  if 
it  proves  practicable,  as  I  think  it  will,  to  devise  an 
automatic  screening  apparatus  to  take  off  the  grosser 
solids,  I  think  it  would  be  possible  to  put  crude  sewage 
with  finely  divided  solids  direct  upon  a  continuous  filter, 
and  then  have  a  settling  tank  at  tne  end  of  the  process, 
instead  of  at  the  beginning,  or  if  land  is  available,  as  it 
would  be  probably  for  the  Leeds  works,  pass  it  over  land 
for  the  purpose  of  mechanically  separating — filtering  the 
suspended  solids. 

7464.  You  do  not  anticipate  having  to  clean  out  those 
Leeds  filters  to  any  extent? — 'I  think  not,  because  if  accu- 
mulations take  place,  and  no  doubt  aocumulations  take 
place  at  the  slow  flow,  we  found  that  with  the  Whittaker 
bed  we  were  able  absolutely  to  wash  out  the  bed. 

7465.  Do  you  think  this  is  the  end  of  the  Leeds  ex- 
periments, or  are  you  prepared  to  carry  ihem  on  ? — Oh, 
no  ;  undoubtedly  we  are  prepared  to  go  on  very  steadily 
with  our  experiments,  especially  in  the  direction  of  septic 
tanks,  trickling  filtration  of  septic  effluent,  and  trickling 
filtration  of  crude  sewage. 

7466.  You  will  continue  your  experiments  at  Leeds  ? — 
Oh,  imdoubtedly.  After  our  experienoe  of  the  Leeds  beds 
our  intention  is  now  to  construct  a  Leeds  bed  on  a  very 
much  larger  scale. 

7467.  To  deal  with  what  proportion  of  the  sewage? — 
Oh,  quite  a  email  fraction  of  our  sewage.  Our  spare  ground 
there  is  so  small ;  the  plaoe  at  Knostrop  is  almost  wholly 
taken  up  with  our  chemical  precdpitation,  and  all  (we 
can  deal  with  is  a  part  of  our  aewage. 

7468.  Could  you  not  move  to  the  new  sito  ?— The  pofi- 
don  of  affairs  in  regard  to  Leeds  is  thfeut  we  are  applying 
to  Parliament ;  the  matter  is  to  be  heard'  by  a  Committee 
of  the  House  very  shortly,  for  power  to  carr^  our  sewage 
to  Gateforth.  There  is  considerable  opposition  which  we 
win  have  to  fight.  If  we  obtain  these  powers,  it  will  be 
several  years  before  our  conduit  can  be  constructed,  and 
therefore  we  ehall  have  ample  time  to  complete  our  ex- 
periments at  Knoetrop,  so  that  in  three  or  four  years, 
when  the  conduit  brings  the  sev^e'to  Gatoforth,  we 
shall  have  seen  what  it  is  that  it  is  best  for  us  to  do. 
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CoL  7460.  May  I  ask  whether,  without  a  septic  tank,  the 

Marding.    vAriatioiie  dn  the  Leeds  sewage  show  in   the  eftlnent, 

5  MwTiMi.  ^>>i^  ^^  Leeds  filiter  ? — ^Undoubtedly  they  would  show  in 

— '■ —   '  the  effluent.     We  are  getting  at  the  moment  a  very  strong 

sewage.    We  could  not  get  so  good  a  result  as  at  those 

times  when  a  very  weak  sewage  is  passing ;  and  then  at 

times  we  get  a  good  deal  of  dye  and  other  matters.     They 

;wouId  be  bound  to  affect  the  result,   but  the  average 

would  come  to  the  same. 

7470^.  But  do  you  not  consider  the  advantage  of  equali- 
sing tho  flow,  equalising  the  character  of  the  sewage 
would  compensate  for  erecting  a  eeptic  tank,  although  it 
may  not  be  necessary? — ^No  doubt  an  advantage  of  the 
septic  tank  is  that  it  would  equalise  the  sewage,  but  I 
scarcely  think  it  would  be  necessary  to  go  to  that  ex- 
pense on  that  account  only,  if  no  inconvenience  arises 
to  the  filter  by  those  variations. 

7471.  {Mr.  KUlick.)  We  found  in  the  Mersey  and  Ir- 
well  that  our  limit  of  manufacturing  purification,  5 
grains  of  solids  took  out  virtually  the  whole  dyeing 
matter,  not  above  one  or  two  per  cent,  of  ei&uents  com- 
plying with  that  will  discolour  wool  in  the  test  tube  ? — 
That  is  in  regard  to  the  solids- 

7472.  Yes,  in  regard  to  the  wrest  of  the  solids  ? — ^In 
regard  to  Leeds  we  find  that  in  trickling  filtration,  il 
the  sewage  going  on  is  deeply  coloured  with  dye,  the 
filtrate  is  not  coloured. 

7473.  That  arrests  the  solids  in  suspension,  in  the 
filter  ? — No,  it  is  a  decoloration  of  the  liquid.  I  do  not 
think  very  finely  divided  colour  is  floating  in  the  liquid. 

7474.  That  is  what  you  find  from  practical  experience  ? 
— In  the  case  of  aniline  dyes,  a  most  minute  fraction  o(f 
the  aniline  dye  will  colour  or  discolour  an  immense 
volume  of  liquid. 

7475.  That  is  exactly  our  experience,  that  our  limit 
of  five  grains  of  solids  in  susp^ision  will  take  out  all  the 
ordinary  aniline  dyes. 

7476.  {Professor  Bamsay,)  Might  I  take  this  oppor- 
tunity of  asking  Mr.  Harrison  somo  questions  ?  What  is 
your  view,  Mr.  Harrison,  as  regards  the  values  of  the 
oxygen  absorbed  test  and  the  albuminoid  ammonia  test, 
and  tlie  incubator  t6st  taken  separately  or  together? — 
{Mr.  Harrison.)  The  albuminoid  ammonia  test,  I  think, 
is  a  very  good  one,  especially  when  the  Bivers  Board 
standards  are  taken  into  account  That  ia  one  grain  per 
gallon  of  albuminodd  ammonia  to  >be  their  limit.  Thils 
applies  especdally  to  contact  beds.    A  contact  bed  which 

§wes  an  effluent  over  that  in  value  I  certainly  am  rather 
ubious  flibout.  But  witih  regard  to  continuous  filtra.tLon, 
it  very  often  occurs  that  an  effluent  is  produced  with  a 
value  in  albuminoid  annnonia  very  muck  over  the  stan- 
dard. An  ^uent  of  that  character  contains  a  large 
amount  of  suspended'  matter,  and  is  absolutely  noa- 
putresceat. 

7477.  So  that  you  do  not  regard  it  as  a  complete  stan- 
dard ? — ^No.  With  regard  to  continuous  filters,  of  course, 
if  it  is  necessary  to  &  a  standard  as  to  the  amount  of 
suspended  matter  present  in  a  continuous  filtered 
effluent,  say  fixed  at  2,  3,  or  4  grains  per  gallon  or  less, 
then  the  Rivers  Board  standard  would  come  into  play. 

7478.  Then  taking  the  oxygen  absorbed  test,  what  is 
your  opinion  of  that? — ^Well,  I  find  that  it  runs  very 
parallel  to  the  albuminoid  ammonia  in  effluents. 

7479.  That  you  may  have  an  effluent  taking  far  too 
much  oxygen,  and  yet  be  non-pUtrescible  ? — No  ;  I  find 
that  a  sewage  is  more  easily  purified  with  regard  to  the 
oxygen  absorbed  test  than  wi^  regard  to  the  albuminoid 
ammonia,  and  it  is  only  very  rarely,  and'  only  with  regard 
to  fairly  bad  effluents,  that  the  oxygen  absorbed  ever  gets 
above  2  grains  per  gallon.  In  that  case  the  effluent  is 
unsatisfactory. 

7480.  Then  the  incubator  test — do  you  consider  that 
a  good  one? — ^Tes;  I  have  found  with  experiments  on 
the  Leeds  sewage  that  simply  dependence  upon  the  in- 
crease of  oxygen  absorbed  in  three  minutes  can  hardly 
be  relied  upon.  I  have  had  effluents  which  have  in- 
creased in  oxygen  absorbed  in  three  minutes  on  incuba- 
tion but  which  have  developed  absolutely  no  smell.  On 
the  other  hand,  I  have  had  effluenlts  which  have  developed 
a  bad  smell,  and  have  decreased  with  regard  to  the  value. 
I  find  myself  that  it  seems  to  be  far  better  to  put  the 
real  criterion  of  the  test  on  to  the  smell  and  not  on  to 
the  oxygen  absorbed  in  three  minutes  unless  there  is  a 
decided  increase. 

7481.  Have  you  tried  any  bacterial  methods  of  test- 
ing ? — No. 

7482.  I  mean  not  counting  the  number  of  bacteria  on 


a  filter  paper,  but  see  whether  there  are  any? — You 
always  incorporate  that  with  the  incubator  test. 

7483.  Have  you  tried  experiments  with  gelatine,  or 
anything  of  that  sort? — No. 

7484.  But  do  you  not  agree  th<at  the  finaJ  test  should 
be  whether  the  effluent  will  or  will  not  putrefy  ?— Yes ; 
that  is  the  great  test. 

7485.  Then  it  is  not  necessary  to  use  a  chemical  test 
if  you  can  get  a  baoterlail  one  to  show  that? — Well,  1 
am  rather  doubtful  about  that  point. 

7466.  You  would  like  to  keep  both? — We  have 
effluents  which  are  non-putrescent,  but  wh>ioh  oannot  be 
looked  upon  as  good  effluents  such  as  the  effluents  from 
our  Cameron  prooess. 

7487.  Is  there  any  test  or  anything  that  you  can 
suggest  which  would  enable  one  to  judge  as  to 
the  goodness  or  badness  of  an  effluent  which  oould  be 
put  into  the  hands  of  a  workman  ? — I  can  only  suggest 
the  incubator  test,  without  incorporating  the  estimation 
of  the  oxygen  absorbed,  that  is  simply  to  see  whether  th^ 
effluent  px^uces  a  bad  smell  or  not. 

7488.  Have  you  conBidered  the  question  of  stan- 
dards?— We  always  work  at  Leeds  on  the  Mersey  and 
Irwell  standard. 

7489.  Do  you  oonaider  that  satisfactory  ? — Quite  satis- 
factory with  regard  to  settJed  effluents  from  oontiniuoua 
filters  and  effluents  from  contact  beds. 

7490.  When  is  it  not  satisfactory  ?-Hlf  you  take  into 
account  the  effluent  from  a  continuous  filter  unsettled. 

740L  Unsettled  ?— Yes. 

7492.  Is  that  generally  known,  o(r  is  it  your  own  in. 
dividual  opinion? — It  is  an  opinion  I  have  got  from 
analyses  of  the  Leeds  effluents  from  the  Wihittaker  beds, 
the  triplicate  and  the  Ducat. 

7493.  Then  you  are  quite  content  to  stick  to  the 
Mersey  and  Irwell  standard  ? — With  that  reservation. 

7494.  With  the  reservation  you  have  made  ? — ^Yes. 

{Colonel  Harding.)  There  is  just  one  point  I  should 
like  to  bring  out  il  1  mi^t  be  allowed  to  ask  Mr.  Har- 
rison  a  question,  and  that  is,  I  think  Mr.  Harrison  that 
the  usual  oompoeitiom  of  susp^ided  solids  in  crude 
sewage  you  find  60  per  cent,  organic  and  40  per  cent, 
mineral  ? — Yes. 

7496.  In  suspended  solids  in  the  septic  tank  effluent 
you  find  about  47  per  cent,  organic  and  53  per  cent, 
minc^ral  ? — Yes. 

7496.  And  in  the  suspended  solids  in  the  Whittaker 
filtrate  you  find  about  40  per  cent,  arganic  and  60  per 
cent,  mineral,  thereifiore  as  the  prooess  is  completed 
there  is  a  reduction  m  the  proportion  of  organic  matter 
as  compared  ivith  mineral  ?— -Yes. 

7497.  But  you  do  not  think,  do  you,  that  one  can 
argue  much  upon  that  score,  because  the  data  warrant 
on  the  one  hand  the  supposition  tihat  there  is  a  larger 
oonsumption  of  oiganic  than  mineral  matter.  They 
would  also  warrant  the  supposition  that  there  may  be 
an  increase  of  mineral  matter  by  passage  into  suspen- 
sion of  mineral  matter  which  had  been  in  solution? — 
That  is  so. 

7498.  But  it  is  nevertheless  an  interesting  fact  that 
as  the  process  continues  the  relation  of  the  orgaoiic  to 
the  mineral  matter  is  steadily  decreased? — ^Yes. 

7499.  {Chairman.)  But  that  is  what  one  would  have 
expected,  is  it  not? — {Colonel  Harding.)  Naturally,  yes. 

7500.  But  is  there  no  fear  that  the  minerals  will 
gradually  dog  up  the  surface  so  that  you  cannot  wash 
them  out  in  this  simple  way? — ^I  do  not  think  there 
would  be  any  difficulty  in  the  case  of  a  coarse  filter, 
because  the  suspended  solids  in  that  filter  do  not  seem 
to  adhere  to  the  surface  of  the  material. 

7501.  You  consider  you  have  got  enougih  experience  to 
show  that? — Well,  washing  out  is  so  immediate.  If 
you  hold  the  sprinkler  so  as  to  prevent  its  rotation 
within  two  minutes  you  get  a  turbidity  of  the  effluent, 
showing  that  the  suspended  solids  in  the  filter,  the 
accumulations  in  the  filter  are  in  a  granular  form, 
which  at  once  wash  out  the  moment  there  is  an  increase 
of  flow.  The  action  is  immediate,  and  when  we  tried 
that  very  interesting  experiment  in  washing  out  the 
Whittaker  bed  we  tried  turning  a  hose  iipon  a  square 
yard  in  the  fiant  instance.  Well,  almost  immediatelv, 
within  two  minutes  or  less  the  Aow  was  extremely 
turbid,  and  so  turbid  indeed  that  in  a  test  tube  contain- 
ing 10  inches  of  it  there  wmild  be  a  settlement  of  3 
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indies  deep  of  sludge  We  gathered  from  tbat  thai  tlie 
accumulatdons  in  the  filibei  could  be  very  readily  wiaahed 
out  by  increaeung  iiie  flow. 

{ChairmcLn*)  Ool<mel  Harding,  I  hope  you  will  allow 


me  on  behalf  of  the  Conunisaiony  to  thank  you  most        Col 
sinoerely  for  your  very  valuable  evidence,  and  perhaps    Bar^img. 
one  might  take  this  opportunity  of  ezpiessing  one's  ad-  5  Mar.  19m. 

miration  for  the  energy  Leeds  has  displayed  on  those      

queatioQs. 


TWENTY. NINTH    DAY. 


Wednesday,  6th  March,  1901. 


PRESENT  : 

The  Right  Hon,  The  Earl  of  Iddesleiqh  (Ckauman  presiding,) 

Sir  Michael  Foster,  m.p.,  p.r.8. 
Mr.  W.  H.  Power,  p.r.8. 
Major-General  Carey,  r.e. 
Professor  Wiluam  Ramsay,  f.r.8. 


Colonel  Harding. 
Mr.  T.  W.  KiLLicK. 
Dr.  J.  Burn  Russell. 


Mr.  F.  J.  Willis,  Secretary. 


present  also  : 


Professor  Boyce. 


Dr.  G.  McGowAN. 


Mr.   Gborgb  Bjchabdbon  Strachan,   called  in;   and  Examined. 


7508.  (Chairman.)  I  think  you  are  Mr.  George 
Riohardion  Strachan,  an  engineer? — ^Yes. 

7503.  And  you  have  had  a  good  deal  of  experience  in 
partnership  with  Mr.  Manseigh,  in  sewage  and  water 
engineering? — ^I  have. 

7504^  Can  you  mention  any  places  where  you  are 
carrying  out  schemes  of  sewsge  disposal? — Yes,  at  Ply- 
mouth, where  we  are  turning  the  crude  sewage  into  the 
Sound  after  it  has  been  stored  up  in  a  tank;  at  Ex- 
mouth,  where  the  crude  sewage  is  disohazged  into  the 
sea  continuously. 

7506.  Where  it  is  discharged  into  the  sea  without 
any  preliminary  treatment  ? — ^Yes,  the  crude  sewage. 

7506.  Simply  crude  sewage,  without  any  treatment  at 
all?— Yes. 

7507.  (Mr.  Tower.)  At  all  states  of  the  tide?— At  Ex- 
mouth,  at  all  states  of  the  tide.  At  Coventry,  broad 
irrigation,  after  passing  through  upward  straining 
tanks. 

7508.  (Chairman.)  May  I  ask  you  what  your  defini- 
tion of  "broad  imgation"  is? — I  would  define  broad 
irrigation  as  the  application  of  sewage  to  land  after 
it  nas  undergone  some  preliminary  straining  where 
the  area  is  considerable  in  proportion  to  the  quantity 
of  sewage  to  be  dealt  with,  and  I  add  those  latter 
words  to  distinguish  it  from  the  application  of  the  same 
sewage  to  lana  which  is  under-drained  and  applied 
intermittently,  commonly  called  "intermittent  down- 
ward filtration,"  although  I  do  not  know  exactly  what 
that  means. 

7509.  With  broad  irrigation  would  you  mean  that  the 
sewage  was  going  continuously  over  a  large  area  of 
land?— Yes.  In  broad  irrigation  about  1-lOth  of  the 
area  of  the  farm  should  be  under  water  at  any  particu- 
lar moment. 

7510.  Yes?— Then  it  is  moved  about  from  place  to 
place,  every  fortnight  or  ten  days  or  a  week,  as 
tlie  case  may  be;  not  the  whole  area  under  water  at 
once. 

7511.  (Sir  Michael  Foster.)  No,  but  the  same  area  is 
under  flow  for  ten  days  or  a  fortnight  continuously? 
—Yes. 

7512.  (Chairman.)  Then  in  reality  there  is  no  essen- 
tial  difference  between  that  and  intermittent  filtra- 
tion ? — There  is  no  essential  difference,  I  think ; 
that  is  quite  correct.  I  would  say  that  inter- 
mittent filtration  consists  in  the  artificial  pre- 
paration of  the  land  by  under-draining  to  facili- 
tate the  passage  through  it,  and  therefore  you  pet 
more  through  i^er  acre  than  you  otherwise  can  do  by 
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simply  passing  it  over  the  surface  if  you  have  no  undar-    jf^  g  j^ 
drainage,   but  there  is  no  essential  difference  that  I    straeian. 
know  of.    Then,  at  Mountain  Ash,  I  am  also  carrying    ^ — r 
out  a  scheme  on  the  same  principle  as  at  Coventry.  ®^■'•^""• 
At  Aldeburgh  I  am  carrying  out  another  scheme,  im 
which  the  sewage  is  turned  into  a  tidal  rirer  aiter 
passing  through  double  contact  beds.     At  Hassocks  I 
am  carrying  out  another  scheme  in  which  the  sewage 
will  be  carried  through  double  contact  beds  and  then 
over  stiff  clay  land  ;   and  at  Andover  I  am  finishing  a 
scheme  that  another  engineer  devised  of  septic  tanks, 
contact  beds  and  land  treatment,  and  I  took  that  up 
merely  to  find  out  by  personal  experience  the  capabili- 
ties of  that  system. 

7513.  I  suppose  in  these  cases  your  experience  is  not 
at  present  sufficient  to  enable  you  to  say  anything  much 
about  results  ? — No ;  I  have  an  engineer's  view  on 
those  subjects.  I  have  seen  them,  but  my  opinion 
is  worth  nothing  on  the  subject  as  to  results. 

7514.  Hiavc  you  any  knowCed|ge  of  the  bacteraal  sysitem  ? 
Yes,  I  have  from  the  engineer's  point  of  view  made 
a  critical  study  of  the  one  at  Exeter,  ait  Yeovil,  and 
SuJbton,  and  Hendoii  (thajt  is,  Colonel  Ducat's),  at  Wol- 
verhampton, Barking,  Salford,  Nuneaton,  and  Chorley, 
said  generally  I  have  informed  myself  about  others,  but 
of  those  I  can  speak  upon  critical  examinations  from  an 
engineer's  point  of  view. 

7515.  Can  you  t^U  us  any  general  concluBions  that  you 
have  arrive. I  at? — ^Yes,  I  regard  ithem  as  very  helpful 
moans  of  dealing  with  domestic  sewage;  very  helpful 
indued,  and  I  think  that  for  some  manufacturing  wastes, 
as  far  as  my  experience  and  observations  go,  they  also 
are  useful.  That  is  the  general  conclusion  that  I  have 
arrived  at ;  I  think  highly  of  them. 

7516.  Well,  now,  those  processes',  I  suppose,  artificial 
filtra;tion  is  certainly  included  in  all  of  them? — Yes. 

7517.  In  some  or  all  of  them  there  is  preliminary  treat- 
ment to  the  artificial  filtration? — ^Yes,  in  several  of 
them. 

7518.  Do  you  consider  fhait  that  preliminary  treat- 
ment is  de»sirablc  ? — ^W'ell,  I  do  not  say  that  it  is  essen- 
tial. I  think  :t  aids  the  contact  beds  or  the  continuous 
filters  very  much,  aiid  in  mv  own  practice  I  put  it  in 
whon  I  g  "t  the  cliance.  I  do  not  bind  myself  that  it 
is  e'^^ent.ial,  I  think  it  is  useful  and  advisable  to  have. 

7519.  I  8U]>pose  rou  might  say  tha/t  preliminary  treat- 
ment means  the  c^etting  r'd  of  a  large  quantity  of  the 
solids  before  the  sewage  gets  on  to  the  filter  beds? — 
Yes,  that  is  the  main  object  oe  I  understand  it. 

7520.  Have  you  got  any  preference  as  bo  the  mode 
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Mr,  Q,  R.  of    keeping   Ijack   thoee   solide  ? — ^Yee,  I  think  I  have 
Sirwshan.    formed  a  preference ;  now,  I  would,  given  a  free  hand, 
e  Mar.  1901.  pwt'^in  tanks  that  would  hold  a  day  or  a  day  and  a  half^s 
— '• —      flow  of  tihe  sewage  and  let  it  pass  tihrough  what  ifl  com- 
monly- known  as  the  septic  tank,  although  not  neoes- 
sarily  in  that  particular  form,  because  I  think  it  will 
get  rid  of  a  considerable  part  of  the  solids  and  prepare 
the  sewage  for  the  subsequent   treatment.       In   that 
•  opinion  I  am  guided   by  the  bacteriologists  whom   I 
have  consulted  as  to  the  effect,  and  by  my  own.  obser- 
vation, which  as  an  engineer  leads  me  to  think  that  it 
is  useful. 

7521.  Then  you  would  prefer  settling  "tanks  to  screens  ? 
— A  large  screen  I  regard  as  essential  whatever  system 
is  adopted.  Under  any  circumstances,  whatever  you 
do,  I  regard  screens  as  essential,  unless  yooi  pass  them 
through  such  sedimentation  taoks  as  I  have  spoken  of. 

7522.  If  it  was  a  choice  between  screens  and  settling 
tanks,  would  you  prefer  settling  tanks  ? — ^I  think  so ;  I 
•have  no  doubt  of  it. 

7523.  Would  your  experience  enable  you  to  express 
a  preference  eLther  way,  for  open  or  closed  septic  tanks  ? 
I  have  no  direct  experience,  but  my  preference  goes  for 
closed  tanks.  I  think  such  a  thing  closed  up  is  better 
than  open,  and  the  cost  is  not  much  to  put  a  light 
roof  on. 

7624.  On  tlie  question  of  providing  for  storm  water, 
can  you  give  us  any  ideas  on  that  subject  ? — ^Yes,  I  should 
be  very  glad  to. 

7525.  It  seeras  a  very  difficult  matter? — I    waa    the 
surveyor  of  Ohiswick,  in  1883  and  1884,  w^here  there  waa 
what  we  now  know  as  a  '*  separate  system  "  in  opera- 
tion. No  road-water  whatever  was  taken  into  the  sewers, 
not  a  drop,  and  oi:ly  the  water  from  the  back  roofs  and 
such  portion  of  tbo  paved  ground  behind  the  hou^ce  as 
was  connected  with  the  sewers.     I  kept  very  careful  re- 
cords kit  the  pumping  station  of  the  quantity  ®ent  down 
in  times  of  rain,  and  I  can  put  before  the  Commission 
the  facts  if  they  care  to  have  them  ;  I  do  not  know  quite 
how   far  you   want  to   go   into   it,    but,    broadly,    I 
will  state  tlie  ooncluedons.     My  experience  there,  was 
that  the  average  area  contributing  to  the  sewers  for  a 
house  was  450  square  feet.     It  is  a  back  roof,  the  roof 
of  the  outhouses,  and  'the  bit  of  paved  yard.     From  that 
we  used  to  get  down  at  the  sewage  works  rain  equal  to 
300  gallons  per  head  per  day ;   I  can  give  you  plenty 
of  illustrations.  On  the  2Qth  January,  1883,  there  was  a 
rainfall  of  '40  of  an  inch.  I  cannot  tell  you  the  time  the 
rain  occurred,  because  I  had  nob  the  self -recording  guage, 
but  that  was  the  quantity  of  rain  that  fell  in  the  day, 
and  on  that  day  for  more  tihau  an  hour  the  rain  came 
to  the  works  at  the  rate  of  about  170  to  180  gallons  per 
head.     On  the  10th  February  in  that  year  there  was  *52 
of  an  inch  there,  and  twice  in  that  day  the  raia  came 

*        at  about  the  some  rate. 

7526.  ("bir  Michael  Foster.)  Came  down  to  the  pump- 
ing station? — To  the  pumping  station.  On  tlie  11th 
February,  which  is  a  very  striking  case^  there  was  only 
'23  of  an  inch  fell,  less  than  a  fourtn  of  an  inch  in 
the  24  hours,  and  yet  three  times  in  the  day  was 
one  set  of  pumips  overtaxed,  and  I  had  to  call  in  the 
reserve.  One  set  of  pumps  raised  150  gallons  per  head 
of  the  th^n  population  ;  and  three  times  in  the  day 
the  flow,  for  an  hour,  another  1^  hours  and  yet  another 
hour,  was  at  the  rate  of  about  170  to  180  gallons 
per  head.  I  could  give  you  many  illustrations.  It 
occurred  again  on  the  14th  July,  the  31st  August, 
the  29th  September,  and  many  others. 

7527.  (Mr.  Fower.)  Were  the  works  close  to  the 
population  in  those  instances? — Within  1^  miles,  sir. 
"The  thing  that  used  to  strike  one  was  the  rapidity  with 
which  i.he  water  was  shot  down  the  sewers ;  coming 
from  slates  and  concrete  it  no  sooner  fell  than  it  was 
in  the  sewers. 

7528.  Was  there  a  very  steep  gradient  in  the  sewers  ? 
— ^No,  sir  ;  because  Ohiswick  is  as  flat  as  this  table, 
and  everything  had  to  be  dug  down,  and  the  en- 
gineers did  not  go  for  steeper  gradients  than  they 
were  compelled.  I  have  one,  a  particular  storm  I 
would  like  to  mention  to  the  Commission.  In  April, 
1885,  there  fell  '71  of  an  inch  in  the  day.  It 
caused  an  enormous  rush  of  water  to  the  pumping 
station,  aifd  for  one  hour  during  that  time  it  came 
down  steadily  at  the  rate  of  300  gallons  per  head  per 
day.  It  came  down  faster  for  the  first  rush,  but 
steadily  for  an  hour.  My  two  sets  of  pumps  were  just 
able  to  hold  the  water.  I  could  multiply  instances. 
Here,  again,  is  another  which  was  given  to  me 
after  I  left  Chiswick  by  the  manager  of  the  works. 


on  July  21st,  1809,  when  for  five  hours  the  effect  of 
the  rain  storm  was  to  send  to  the  pumping  station 
300  gallons  per  head  per  day.  Supposing  you  put  the 
sewage  at  2d  gallons  per  head  per  day,  that  is  what 
we  now  call  twelve  volumes,  and  what  I  want  to 
impress  upon  the  Commission,  and  this  seems  to  me 
to  be  the  whole  point,  that  that  came  solely  from  the 
back  roofs.  Now,  the  total  quantity  of  rain  that 
was  sent  down  in  the  course  of  the  year  was  very 
small  compared  with  the  quantity  of  sewage.  It  did 
not  come  to  l-5th.  I  hare  one  or  two  figures  which  I 
have  worked  out,  which  I  may  mention,  which  will 
put  this,  I  think,  very  clearly.  Suppoaing  that  in  a 
town  in  which  the  back  roof  area  of  450  square 
feet  alone  is  connected,  there  is  a  rainfall  of  30in. 
in  the  year,  and  suppose  further,  which  I  think  is 
rather  an  exaggeration,  that  every  drop  of  that  got 
down  to  the  sewers — I  think  most  of  it  would  come 
in  times  of  storm,  but  not  all  of  it,  because  some  rain 
comes  which  scarcely  wets  the  roofs,  and  evaporates. 
Take  it  that  it  all  got  down,  that  would  mean  that 
from  that  one  house  there  would  be  a  contribution 
of  7,031  gallons  with  sewage.  Now  take  it  thaub  -Uiere 
are  five  pei-suns  living  in  that  house,  and  that  the 
sewage  equals  30  gallons  per  head,  they  would  send  to 
the  sewage  works  54,750  gallons  per  year,  so  that  al- 
though the  proportion,  of  the  total  rainfall  would  only 
come  to  about  l-7th  or  l-8th  of  the  sewage  in  the  course 
of  the  year,  yet  the  rate  at  which  it  would  come  down 
in  particular  storms  would  be  as  much  as  twelve  times 
what  the  dry  weather  flow  would  be. 

7529.  For  a  short  time? — For  a  few  hours,  sir. 

7530.  And  as  to  overflows  on  those  sewers? — We 
had  none.    Wo  had  one  at  the  sewage  works  which  led 

direct  into  the  river,  but  it  was  tidal,  and  was  very 
little  use.  We  therefore  were  dependent  entirely  upon 
the  pumps,  and  that  is  how  I  wiae  able  to  keep  those 
records  so  carefully.  I  do  not  know  that  I  have  made 
my  meaning  clear  yet.  Let  me  try  again.  The  point 
that  this  teaches  me  as  engineer  is,  that  while  the 
rainfall  in  the  course  of  the  year  may  be  only  l-7tih 
or  l-8th  in  volume  all  told  of  the  dry  weather  sewage 
itself,  yet  that  rainfall  may  come  down  at  odd  times 
at  the  rate  of  twelve  times  what  the  sewage  itself 
comes. 

7531.  (Chairman.)  Now,  might  I  ask  you  this  :  Sup- 
pose you  had  a  free  hand  to  put  up  an  artificial 
drainage  system,  how  would  you  treat  the  storm- 
water? — I  take  a  gravitation  scheme  because  it  simpli- 
fies the  matter ;  there  is  not  so  much  difficudty  as 
there  is  with  pumping.  I  would,  according  to  mv 
present  view,  put  down  disposal  works  that  wouli 
deal  effectively  with  about  80  gallons  per  head.  I 
would  then  put  up  an  effective  by-pass  upon  my 
sewage  works  which  would  effectually  prevent  that 
quantity  being  increased  by  more  than,  say,  5  or  10 
per  cent.  I  would  throw  the  rainfall  over,  out  of  the 
regular  sewage  works. 

7532.  You  would  only  allow  an  addition  of  5  or  10 
per  cent.  ? — ^Upon  my  80  gallons  ? 

7533.  Upon  your  80  gallons  ?— Yes  ;  of  course  that 
is  having  allowed,  I  think,  about  two  times  the  dry 
weather  flow  of  sewage.  That  by -pass  arrangement 
can  be  very  easily  done  by  a  very  long  weir ;  it  is 
very  easily  done. 

7534.  This  is  a  separate  system  you  are  speaking  vf 
now? — I  do  not  mind  which. 

7535.  You  do  not  mind  which? — ^That  is  my  present 
opinion.  I  would  never  send  into  my  disposal  works 
more  than  that  quantity  if  I  could  avoid  it.  I  am 
having  a  free  hand  for  the  moment  now.  I  do  not 
quite  know  how  I  should  justify  the  opinion,  but 
my  practice  is  to  pass  the  storm  water  through 
coke  filters  or  burned  ballast  filters,  not  by  putting  il 
on  the  top  and  letting  it  run  through,  but  by  puttinj? 
it  on  the  top,  and  making  it  go  down  and  then  rising 
up  in  the  outlet 

7536.  (Mr.  Power.)  Then  you  would  have  se}>arate 
filters  for  the  storm  water ?— -Certainly,  separate  auxi- 
liary means  of  dealing  with  the  storm  water.  I  think 
that  is  a  first  requisite  in  effectively  dealing  with  the?e 
large  quantities. 

7537.  And  in  effect,  double  filtration  of  the  storm 
water? — Single,  sir. 

7538.  I  understood  you  to  say  that  you  would  make 
it  go  down  and  then  come  up  again  ? — I  have  not  made 
it  clear,  sir.  May  I  illustrate  with  a  box  ?  I  would 
let  storm  water  come  in  and  go  on  to  the  filtering  mate- 
rial.      It  would  then  fill  it.       It  would  have  under- 
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grains,  and  a  man-hole  shut  off  from  the  filtering  mate- 
rial, the  walls  of  which  came  up  above  any  level  to 
which  the  storm  waters  could  rise.  The  drains  would 
all  discharge  into  the  manhole,  and  the  water  would 
run  over  a  weir  quite  separate,  so  that  the  action  would 
be  to  go  down,  and  then  to  go  over  the  weir,  not  up 
through  the  filtering  material.  The  object  I  had  in  my 
mind  in  that  was  this :  If  you  turn  storm  water  on  to  a 
large  filter  of  porous  material  and  have  the  outlet 
at  the  bottom,  the  stuff  simply  gallops  through  in  the 
shortest  way  that  is  poesible;  whereas,  if  you  compel 
it  to  come  out  over  the  top,  you  are  certain  first  of 
all  that  you  fill  your  filter,  and  second,  that  the 
storm  water,  in  going  through,  actually  has  the  benefit 
of  every  inch  of  the  space  in  the  filter  which  effects 
clarification  or  straining.  It  is  really  a  little  engineer- 
ing detail,  but  it  is  wha/t  I  do  in  my  practice.  Then, 
sir,  having  got  it  through  there,  I  would  a^ly  it  to 
land — ^put  it  over  the  surface. 

7539.  {Major-General  Carey.)  Tlie  storm  water? — ^Tlie 
storm  water. 

7540.  (Colonel  Harding,)  To  what  extent  would  you 
deal  with  the  storm  water  above  80  gallons— ^beyond 
the  80  gallons  you  are  proposing  to  deal  with  at  the 
ordinary  crude  sewage  works? — I  think  having  a  free 
hand,  and  not  being  troubled  with  any  departments 
or  anything,  I  would  fix  my  overflow  levels  at  120 
gallons  per  head  per  day.  May  I-  finish  what  I  have 
to  say  on  that? 

7541.  (Major-General  Carey,)  When  you  say  "not 
being  troubled  with  any  departments,"  do  you  mean 
the  Bivers  Board? — ^Oh  no,  sir  ;  i  mean  ^our  board. 
Might  I  say  at  once,  sir,  that  I  think  engineers  ought 
to  have  some  definite  ic^ea  as  to  the  amount  of  dilution 
allowed  before  overflow  takes  place.  We  have  lately 
got  into  the  habit  of  measuring  these  things  by  what 
we  call  "volumes,"  which  is  a  veir  handy  phrase, 
and  practically  now  there  is  a  concensus  of  opinion 
to  overflow  at  six  volumes,  but  it  is  an  exceedingly 
indefinite  standard.  Let  me  illustrate.  Supposing  I 
had  a  town  with  a  dry  weather  flow,  domestic  sewage, 
of  30  gallons  per  head,  six  volumes  would  mean  that 
I  would  nob  overflow  till  I  had  180  srallons  per  head 
goini?  down  to  my  sewage  disposal  works.  Across  the 
other  side  of  the  river  or  in  the  next  county,  I  might 
have  another  town  with  the  same  population  domestic 
sewage,  in  which  the  flow  would  be  20  gallons  per 
head  ;  six  yolumes  of  that  would  mean  that  the  over- 
flow would  take  place  at  120  gallons,  vv  ell,  as  regards 
the  pollutions  it  is  the  same  in  each  case,  for  an  indi- 
vidual in  one  town  contributes  just  as  much  as  the 
other,  and  the  mere  faict  that  you  have  a  lot  of  leakage 
or  a  lot  of  waste  water  in  the  sewage  should  not  alter 
the  standard  at  which  you  can  overflow  it  I  think  that 
120  would  be  getting  as  low  as  one  ought  to  go  ; 
150  I  would  not  object  to  ;  180  I  think  is  goioig  rather 
far,  for  there  is  a  difficulty  in  making  the  sewers  large, 
but  I  am  rather  inclined  to  the  view  that  we  had 
better  err  on  the  side  of  giving  plenty.  I  certainly 
would  not  go  below  120  gallons  per  head  ;  I  would  like 
150. 

7542.  One  hundred  and  twenty  gallons  would  mean 
about  four  times  the  dry-waabher  flow  at  30  gallons  a 
head  ?— At  30. 

7543.  The  quesltion  would  be  whether  the  conniy 
authority,  the  Rivers  Board,  or  whoever  had  juiisdic- 
tion  in  the  county,  would  allow  the  overflow  from 
four  times  the  dry- weather  flow  to  go  into  the  river? 
—True;  I  think,  as  an  engineer,  I  would  take  my 
chance.  Of  course,  they  have  no  powers  of  dictating ; 
they  have  to  prove  offence,  and  I  would  never  hesitate 
if  I  wias  in  a  difficulty  to  put  in  as  low  as  120.  If  I 
could  get  past  your  board  I  would  take  my  chance. 

7544.  The  Local  Government  Board  determine  it 
from  other  considerations,  not  from  any  arbitrary  rule 
or  wlhat  the  view  of  the  county  may  be — — 

7545.  (Professor  Bamsay.)  Is  it  not  the  case  that  the 
first  part  of  the  flood  is  tke  dangerous  one  ?— It  is  the 
dirty  part,  sir. 

7546.  Tou  would  take  that  into  the  filters  ^-I  would 
take  that  up  to  three  volumes  in  the  filters. 

7547.  Would  not  that  dispose  of  the  whole  of  tne 
dirty  part? — Not  quite,  sir.  My  experience  of  stonns 
which  continue  for  some  time  is  that  the  first  rush  is 
the  worst ;  it  continues  dirtv  for  an  hour,  perhaps,  and 
after  that  it  becomes  dilute  sewage — very  dilute 
sewage. 

754a  (Sir  Michad  Foster,)  Dirty  means  putreaoible? 
— ^Yes  ;  I  am  speaking  of  organic  impurity. 
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7549.  (Mr.  Killick.)  Might  I  ask,  have  you  ever  had  jfr,  o,  m. 
any  difficulty  or  know  anyone  else  having  any  difficulty  stnuhan. 
with  a  Rivers  Board  with  four  timos  the  volume? — I  eMarTifloi. 
have  been  threatened,  but  nothing  happened.     I  do      — '. — 
not  think  that  we  as  engineers — at  least,  I  am  cpeak- 

ing  for  myself — when  I  am  advising  a  town  what 
to  do,  I  do  not  consider  County  Councils  or  Rivers 
Boards,  or  anybody  else.  I  try  to  get  at  what  is  the 
reasonable  and  proper  thing  to  do  there,  by  supposing 
that  I  was  the  owner  of  the  whole  of  the  town  and  the 
whole  of  the  interests  in  the  rivers  and  the  whole  of 
the  interests  in  the  land ;  supposing  I  had  a  mind  big 
enough  to  comprise  all  that,  what  would  I  as  the  father 
of  these  people  do  reasonably  if  I  had  every  interest  to 
consider?  According  to  mj  present  knowledge,  I 
would  overflow  at  120  if  I  was  in  a  difiSculty,  or  150  gal- 
lons per  head  otherwise. 

7550.  I  simply  ask  as  a  member  of  perhaps  the 
largest  river  board,  as  far  as  the  work  goes  that  has 
been  accomplished,  and  I  know  of  no  instance  where 
the  rivers  board  has  insisted  on  this  question  of  dilu- 
tion ? — If  I  n>ay  express  an  opinion,  I  happen  to  know 
the  board  you  refer  to ;  I  think  that  the  board  exercise 
an  exceeding  wise  discretion  in  the  matter.  I  do 
think,  and  I  hold  very  strongly,  and  I  hope  I  will  have 
an  opportunity  of  enlarging  my  views  on  the  subject, 
that  we  should  as  «<anitarians  get  the  dry- weather  sew- 
age and  a  little  of  the  rain  thorougUy  dealt  with, 
and  then,  when  we  have  got  into  the  way  of  handling 
that  with  advantage  and  economy  and  efficiency,  it  ia 
a  very  small  matter  what  is  left  over  to  deal  wil^ ;  I 
am  very  strong  upon  that,  sir. 

7551.  (Chairman,)  I  am  not  quite  sure  that  I  UBder* 
stood.    I  thouflht  you  said  if  you  had  a  free  hand  you. 
would  only  allow  80  gallons   per  head? — ^I  have  not 
made  it  clear,  then.    What  I  would  do,  I  would  treat. 
80   in   what  I   call    my   sewage   works,    as    sewage. 
Then  after  that  I  would  deal  with  the  difference  be- 
tween that  and  the  120  and  150  gallons  through  thp 
iftorm  water  filters;    anything  beyond  that  I  would 
overflow.    I  have  a  case  in  my  mind  where  we  did  de- 
liberately overflow  at  100  gallons. 

7552.  (Sir  Midiad  Foster.)  At  100?— At  100,  with- 
out any  disadvantage  to  anybody.      I  will  not  mention 

the  name. 

7553.  (Mr,  Potoer.)  Was  that  into  a  river? — Into  a 
large  river,  sir. 

7554.  (Sir  Michael  Foster.)  A  very  large  river?— A 
very  large  river.  The  whole  of  the  yara,  roof,  and 
street  water  went  in,  and  we  overflowed  at  100  gallons. 
There  I  do  not  hesitate  to  say  something  goes  out  at  the 
first  rush  of  the  storm  that  would  be  better  kept  in.  the  . 
sewers.      It  would  be  better,  but  nobody  is  hurt,  and 

this   is   a   practical  question,  vou  know,  gentlemen. 
It  would  have  been  a  very  big  thing  to  have  taken,  say, 
150  down  to  the  sewage  works ;  it  had  to  be  all  pumped, 
and  the  difficulty  of  lifting  large  quantities  like  that  is  . 
very  great  in  an  emergency,  and  we  thought  the  best 
solution  was  to  do  that,  and  it  has  worked  for  six  or- 
eight  years  without  any  disadvantage. 

7555.  (Major-General  Carey.)  Perhaps  nobody  has 
found  it  out  ? — Because  nobody  has  had  any  occasion  to 
complain. 

7556.  (Sir  Michad  Foster  J)  Have  you  any  idea  what 
the  volume  of  your  effiuent  was  in  regard  to  the  volume 
in  the  river  ?--Oh,  yes,  sir ;  you  are  speaking  now  of 
the  disposal  works  ? 

7566*.  Yes,  in  this  case? — ^There  were  1,200  square 
miles  behind  it. 

7557.  (Mr,  Potoer.)  The  destination  of  your  effiuent 
or  sewage  does  then  govern  your  procedure  to  a  consi- 
Jerable  extent? — ^Very  largely.  I  have  a  very  strong 
opinion  upon  that  point,  that  our  sole  du^  &om  the 
health  point  of  view  is  to  turn  out  an  effluent  that 
causes  no  nuisance  or  injury  or  annoyance  in  the  river 
into  which  it  goes.  Fixed  standards  I  hold  in  ab- 
horrence. 

7558.  (Major^C^eneral  Carey.)  Was  that  with  refer* 
ence  to  the  putreacibility  of  the  effluent?  The  effluent 
may  be  putresoible;  may  not  create  any  nuiaance  at 
the  time  of  discharge  in  the  river,  but  there  may  be 
secondary  decomposition  into  the  river,  and  the  river 
may  be  as  foul  as  the  original  sewage  after  a  little 
time  ? — ^That  would  be  wrong.  That  I  would  prevent. 
I  hold  that  to  be  vnthin  my  standard  ;  it  must  not 
cause  any  injury  or  nuisance  or  annoyance  in  the  river 
at  any  part  of  its  course.      In  my  view,  when  all  our 
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Mr.  <7.  R.    purification  processes  are  done,  we  are  dependent  upon 
^••JJjfj^    the  rivers  for  the  last  touches. 

« M>r.  1901.  7559.  (Mr.  KiUick.)  Still  you  do  yourself  formulate 
a  standard,  which  is  that  it  shall  not  be  a  nuisance  % — 
Clearly ;  that  is  a  question  of  fact 

7560.  {Colonel  Harding.)  Have  you  been  able  to 
ascertain  what  degree  lof  purification  would  avoid 
causing  any  nuisance  7 — ^I  have  not,  sir ;  but  it  must 
vary  with  each  case. 

7561.  (Dr.  BusseU,)  Take  the  case  of  this  river  town. 
Was  it  used  as  a  water  supply  ? — Oh,  no.  That  I  hold 
to  be  one  of  the  circumstances ;  if  a  town  has  the  disad- 
vantage of  having  below  it  another  town  drawing  water 
from  the  river  it  has  to  put  up  with  that,  and  work  to 
a  very  high  standard  indeed  ;  but  if,  on  the  other  hand, 
there  are  no  interests  for  miles  on  the  river  of  any 
importance,  I  do  think  it  is  hard  upon  a  town  that  it 
should  be  compelled  to  work  to  the  very  highest  stan- 
dard of  purification. 

7562.  (Mr,  Killick.)  But  you  would  take  in  all  cases 
as  the  standard  non-putrescibility  ? — Certainly,  and  it 
must  be  clear. 

756?.  (Dr,  BusseU,)  Do  you  attach  a  definite  idea 
to  putrescibility  ?  Is  it  tested  by  incubation  ? — Yes  ; 
if  that  is  the  proper  test,  I  have  no  objection  to  it  as 
long  as  it  corresponds  with  the  fact  in  nature. 

7564.  (Mr,  Killick.)  The  standards  that  you  are 
speaking  against  are  the  standards  of  ithe  1868  Com- 
mission 7 — ^No ;  I  have  no  particular  ones  in  my  mind. 
This  is  my  general  view  about  standards.  1  fear  it  is 
impracticable,  but  it  does  appear  to  me  to  be  commoa 
sense  that  if  you  have  a  standard  of  purity  of  grains 
per  gallon  or  something  of  that  sort  for  the  efiiuent, 
ihat  if  it  is  sufficiently  stringent  to  deal  with, 
difficult  cases,  where  the  volume  of  the  effluent 
is  large  compared  with  the  volume  of  the  stream  into 
which  it  is  discharged,  then  it  is  unduly  hindering  to 
a  town  that  has  many  hundred  times  the  volume  of 
water  into  which  to  discharge  its  effluent. 

7565.  (Chairman.)  But  may  I  just  ask  this,  I  did  not 
hear  quite  what  you  said;  would  you  say  that  all 
effluents,  no  matter  what  stream  they  went  into, 
should  be  non-putrescible  ? — I  think  I  would  subscribe 
to  that  as  a  general  proposition.  There  may  be  an  ex- 
ception or  two.     I  am  not  speaking  of  tidal  rivers. 

7566.  (Sir  Michael  Foster.)  Is  not  what  you  mean 
Hiat  the  effluent  would  be  of  such  a  character  that  it 
^vould  not  give  rise  to  any  putrescence  in  the  stream 
i^v>  which  it  is  discharged? — That  is  exactly  what  I 
havb  Seen  trying  to  say. 

7567.  (Mr.  Killick.)  You  so  far  incline  to  the  view 
of  a  standard? — That  no  injury  or  damage  or  annoy* 
ance  be  caused  in  the  river  by  it. 

7568.  (Colonel  Harding.)  It  is  not  a  question  of  the 
putrescibility  of  an  effluent,  but  the  putrescibility  of 
an   effluent  after  admixture  with  the   river? — Might 
I  mention  when  I  was  at  Ohiswicik  we  only  had  chemi- 
cal precipitation.    There  is  a  very  large  volume  of  the 
Thames  which  is  tidal,  twice  a  day,  and  of  course  it 
was  not  possible  to  get  an  effluent  of  any  great  degree 
of  organic  purity.     We  did  very  well,  but  we  did  not 
work  to  what  are  now  known  as  the  modern  standards. 
The  Thames  Conservancy  summoned  us  for  polluting 
the  river,  and  undoubtedly  we  polluted  the  river ;  there 
was  no  question  of  it ;  but  no  one  could  see  the  pollu- 
tion or  smell  it,  or  in  any  way  distinguish  it.     In  fact, 
when  the  summons  came  I  went  the  next  day  and  got 
a  boat  and  took  half  a  dozen  Winchester  quarts  with 
me,  and  I  floated  from  the  effluent,  from  ¥rnere  it  was 
discharged,  half  a  dozen  corks,  and  they  went  in  various 
ways,  and  about  50  yards    away    from   the  outfall  1 
dipped  my  bottles  one  after  the  other  into  the  river. 
Then  I  had  an  odd  one,  and  I  went  right  out  into  mid- 
stream,   away    from    any    possibility    of    my    effluent 
affecting  it,  and  I  labelled  them  a,  b,  c,  d,  e,  f,  g.    I 
sent  them  to  an  analytical  chemist,  and  asked  him  to 
tell  me  which  were  the  ones  which  were  sewage  pol- 
luted and  which  the  river  water,  and  he  could  not,      I 
thought  it  was  very  hard  that  I  should  be  pulled  up 
and  prosecuted  for  polluting  the  river  when  you  could 
not  see  it,  or  smell  it,  and  the  chemist  could  not  find 
it  out. 

7569.  (Dr  "Bussell.)  ^ill  you  posit  this  condition  that 
the  water  would  not  be  drunk  r — Oh,  clearly. 

7570.  (Colonel  Harding.)  But,  after  all,  is  not  this 
the  way  in  whioh  the  present  serious  condition  of  rivers 
has  arisen,  that  at  first  authorities  have  j>olluted  the 


stream  in  small  quantities  relativelv  to  the  flow.  No 
evil  has  been  noticed ;  others  have  done  it,  and  finally 
a  condition  of  things  has  arisen  which  has  been  abso- 
lutely intolerable  ? — True,  sir,  then  they  have  to  raise 
their  standard. 

7571.  (Mr.  KUlick.)  There  is  another  difficulty.  If 
you  are  judging  the  pollution  not  of  the  efflueiiL,  but 
of  the  effluent  plus  the  stream  into  whioh  it  fiows, 
and  your  stream,  as  all  streams  are,  is  constantly  vary- 
ing, neither  the  engineer  in  charge  nor  the  inspecting 
authority  nor  anybody  else  would  know  where  tliey 
are? — True,  Sir,  except  in  this  respect — that  immedi- 
atelv  what  they  are  doing  at  any  particular  sewage 
works  pollutes  the  river  visibly,  prosecute  them  ;  but 
in  the  meantime  I  do  not  understand  why  they  should 
be  made  to  work  up  to  a  standard  at  great  expense 
when  the  effluent  tney  are  then  discharging  does  no 
harm  to  anybody.  Let  me  illustrate.  I  was  down  in 
the  West  of  England  upon  a  pollution  case  which  was 
a  trivial  matter,  very  trivial.  I  was  speaking  to  the 
chemist,  and  he  said,  "Oh,  yes,  we  are  polluting  ths 
river  here,  but  the  enonnous  volume  makes  it  very 
dilute."  Some  boys  were  bathing  from  the  banks. 
One  of  them  made  water  in  the  stream.  Well,  if  that 
had  been  analysed  it  would  have  polluted  the  river,  but 
who  in  the  world  would  think  of  prosecuting  ;  and  that 
m  simply  an  illustration  in  that  individual  case  of  what 
the  other  place  was  doin(^  on  a  larger  scale,  but  in 
neither  case  that  I  ?ould  distinguish  was  there  any  an^ 
noyance  or  visible  pollution. 

7572.  Thore  is  another  matter  you  have  to  consider 
if  you  want  to  enforce  the  Bdrers  Pollution  Act ;  it  is 
tolerably  clear  that  you  will  have  to  deal  with  the 
whole  of  the  water-course.  If  you  make  one  standard 
for  one  part  of  the  water•H^ourse  and  one  standard  for 
another  you  have  very  little  chance  of  getting  either 
standard  carried  out? — Of  course  if  that  is  so  that  is 
an  answer  to  me;  but  it  does  seem  to  me  that  the 
Bdvers  Pollution  Act  does  not  set  up  a  standard,  but 
the  sole  test  is,  does  that  particular  place  on  that  par- 
ticular day  when  that  sample  was  taken  produce  pollu- 
tion? 

7573.  If  that  effluent  were  proved  to  the  satisfac- 
tion of  the  couii;  that  it  was  putrescible  then  you  have 
the  damage  done  at  that  particular  place  at  that  par- 
ticular time  ? — Well,  that  I  think  is  hard  in  some  cases, 
because  although  the  effluent  might  be  putrescible 
by  itself  like  that  which  the  boy  passed  into  the  river, 

if  it  did  not  as  a  fact  in  its  putrescence  cause  any 
evil  in  the  river,  I  think  it  is  very  hard  lines  that  that 
authority  should  be  fined. 

7574.  (Professor  Bamsay.)  But  is  it  not  merelv  i 
question  of  distinction?  3it  appears  to  me  that  Mr. 
Straohan  gives  us  all  we  want  when  he  sa^  that  the 
effluent  shall  not  be  putrescible? — In  the  river,  sir? 

(Mr.  KiUick.)  That  is  the  effluent  plus  the  river? 

(Professor  Bamsay.)  Yes,  but  if  the  effluent  itself  is 
not  putrescible  the  effluent  plus  the  river  would  not  be. 

{Mr.  Killick.)  The  effluent  itself  might  be  putrescible 
and  plus  the  river  it  might  not  be  putrescible. 

7575.  {Colond  Harding.)  Perhaps  you  might  allow  me 
to  put  it  in  this  way — ^that  all  Mr.  Strachan  would  do 
would  be  to  take  steps  to  prevent  putrescibility  in  the 
mixture  ?— -Clearly. 

(Sir  Michael  Foster.)  To  prevent  putrescibility  being 
obvious. 

(Mr.  KiUick.)  In  the  mixture. 

(Sir  Miehad  Foster,)  In  the  mixture  it  might  be  just 
up  to  the  margin,  but  if  it  was  not  obvious  Mr.  StracJian 
would  pass  it,  and  then  the  next  very  small  addition 
might  bring  it  beyond  the  obvious  level. 

(Mr.  Killick.)  A  change  of  the  stream  itself  from 
the  pollution  of  an  authority  or  an  individual. 

7576.  (Colond  Harding.)  The  difficulty  I  see  in  this 
case  is  that  with  the  development  of  populations  the 
evil  would  gradually  arise  whioh  has  arisen,  namely, 
the  intolerable  condition  of  our  rivers  by  the  steady 
and  gradual  addition  of  dilutions  from  various  sources 
which  individually  were  not  serious,  but  collectively 
bring  about  an  intolerable  condition  of  thingi.  If  it 
should  be  shown  to  be  practicable  to  so  far  purify 
sewage  as  to  turn  out  an  effluent  which  in  iteeff  was 
non-putrescible,  surely  that  would  be  a  safer  condition 
of  thinffs  to  promote  than  the  other,  would  it  not?— 
Undoubtedly,  it  all  depends  on  the  expense  of  it ;  if  it 
oould  be  done  at  a  reasonable  cost. 
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7577.  Yes,  and  tke  ^bole  thing  turns  upon  this — 
is  it  praotioftble  'by  any  known  system  of  sewage  treat- 
■leot  to  tatn.  out  effluents  wihioh  in  Uiemselves  aie  not 
pntrescible ;  that  is  to  say,  if  they  run  in  a  course 
and  are  not  mixed  with  other  water  would  they  in  the 
<ooarBe  ol  thedr  flow  along  such  course  and  in  such  a 
stream  produce  any  nuisance? — ^If  that  can  be  done 
systematically  and  regularly  at  a  reasonable  expense 
-^en  I  think  it  is  a  highly  desirable  end  to  attain. 

7678.  Then  have  you  not  in  the  course  of  your  ex- 
perience of  certain  examples  of  land  treatment  met 
wiUi  quite  a  considerable  number  of  effluents  that 
irottld  come  within  that  limit? — I  cannot  answer  you, 
Sir,  I  can  answer  to  this  extent,  that  I.  have  seen 
plenty  of  farms  where  the  effluent  has  not  been  pntres- 
cible in  the  river,  but  whether  it  would  itself  have  been 
I  could  not  say  for  certain,  I  do  not  know. 

7579.  But  you  have.  I  think,  watched  some  of  the 
biological  experiments? — ^No. 

7580.  I  thought  you  told  us  just  now  that  you  had 
watched  certain  of  them  only  in  sewage  treatment? — 


7581.  You  have  probably  seen  analyses  of  some  of 
these  filtrates? — ^Yes. 

758CL  And  probably  seen  statements  of  the  putres- 
cibility  or  otherwise  of  these  effluents  ? — ^Yen 

7583  Have  you  not  known  cases  where  an  effluent 
has  turned  out  non-put rescible? — I  can  only  speak  from 
what  I  Kayo  been  told  I  have  been  told  it  is  non- 
putrescible,  but  whether  it  is  a  fact  or  not  I  cannot 
say.  I  think  it  very  hard  lines  upon  a  town,  the  name 
of  which  1  will  not  mention,  if  it  were  pu  tto  an  ex- 
pense of,  say,  £500  a  year  to  turn  out  an  effluent  which 
is  absolutelv  non-putrescible  when  the  effluent  which  is 
■at  present  being  turned  out  there  causes  no  injury  to 
anyone,  and  is  sufficiently  good  to  be  turned  into  the 
river. 

7584.  As  this  is  an  important  point  I  would  ask  your 
permAsaion,  Mr.  Chairman,  to  press  this.  (To  Witness.) 
Have  you  any  knowledge  of  Leeds  ? — Yes,  what  I  have 
read. 

7585.  You  have  not  seen  an  analysis  of  the  river 
^  here  ? — Yes. 

7586.  You  know  its  abominable  condition?— I  know 
i:t  comes  out  very  bad. 

7587.  How  would  you  deal  with  the  Leeds  authority 
turning  their  sewage  into  that  stream  ;  would  you  con- 
sider it  sufficient  to  have  mere  chemical  precipitation 
«md  a  purification  of  50  per  cent  ;  would  you  consider 
it  likely  that  so  abominable  a  stream  would  be  polluted 
by  an  effluent  only  purified  to  that  extent? — Oh  no, 
sir,  no ;  what  I  would  da  in  a  case  of  that  kind  is  I 
would  say  to  Leeds  that  you  must  deal  with  your  sewage 
so  as  to  send  it  out  clear,  so  that  when  that  quantity 
of  water  coming  down  clean  that  now  comes  down  to 
jrou  dirty  was  mixed  to  your  effluents  as  far  as  we  can 
tell  it  would  not  pollute. 

7588.  Apparently  you  have  a  standard  ?— Simply  the 
-water  and  the  river. 

7588.  A  standard  of  purification  varying  with  the 
stream? — No,  sir. 

7500.  If  the  standard  is  to  be  that  the  mixture  w^ith 
the  stream  shall  not  cause  pollution,  then  with  an 
Already  polluted  stream  according  to  your  plan,  you 
would  not  ask  the  Leeds  people  to  do  anything? — I 
have  not  made  it  clear.  Supposing  there  were  100 
million  gallons  ooming  down  the  river  above  Leeds. 
Asauming  that  Leeds  sends  in  ten  million  gallons  of 
effluent  a  day — I  do  not  know  the  figures — then  until 
I  have  got  my  river  clean  above  by  the  operation  ol 
what  I  would  do  I  would  judge  Leeds  by  this  standard. 
I  would  take  their  effluent  as  they  send  it  in.  I  would 
mix  it  with  ten  times  the  quantity  of  water,  that  is, 
to  one-tenth*  of  the  hundred  millions  ooming  down, 
and  then  judge  as  to  whether  they  were  doing  their 
duty  or  not.  I  recognise  the  difficulty  that  you  put 
to  me. 

(Mckjor^Oeneral  Carey,)  If  thre  river  was  very  polluted, 
as  it  is  at  Leeds,  you  would  not  find  out  whether  the 
corporations  were  doing  their  duty,  because  the  mixture 
would  never  show  it  to  you.  The  river  is  probably 
more  polluted  than  the  effluent. 

7591.  (Colonel  Harding,)  The  river  would  probably 
be  found  to  be  more  polluted  than  the  very  indifferent 
effluent  which  they  are  now  turning  out  at  Leeds  by 
lime  precipitation,  which  only  gives  a  purification  of 


50  i>er  cent.     Tlien  in  such  a  cms  you  would  not  ask  ur.  g:R. 
Leeds  to  do  anything? — Oh  yes,  sir,  I  have  not  made   ^''»««*««- 
it  clear  yet.     What  1  would  do  would  be  this  :  I  would  0  ^ar.  I90i. 
judge  what  quantity  of  water  was  coming  into  the 
river  above  Leeds. 

7592.  You  mean  the  volume  of  the  river  passing 
Leeds? — The  volume  of  the  river  I  would  treat  as 
clean  water — no  pollution.  I  would  take  a  sample  of 
the  Leeds  effluent,  mix  it  in  the  proportion  with  clean 
water  as  its  own  volume  bears  to  the  flow  of  the  stream, 
and  then  judge  them,  by  that  standard  until  I  had  got 
the  river  clean,  and  then  gradually  apply  a  stricter 
standard  all  the  way  along. 

7593.  (Major-General  Carey.)  But  that  is  a  standard  ; 
of  course  you  are  laying  down  a  standard? — I  wish  to 
say  that  my  standard  is  what  will  the  river  stand — a 
clean  river  stand.  I  don't  mean  a  polluted  river  I 
have  no  sympathy  with  those  people  who  neglect  their 
duties. 

7594.  (Colonel  Harding.)  You  have  a  standard  ;  it 
is  to  be  an  effluent  which  is  non-putrescible  when  miixed 
wJbh  a  given  volume  of  clean  water? — ^That  is  so,  sir; 
I  think  you  must  have  a  standard.  AVhat  I  wish  to 
say  is,  having  a  definite  standard  of  so  many  grains  of 
this  and  that  for  all  circumstauces  and  conditions  seems 
vo  me  to  be  wrong. 

7595.  (Mr.  KiUich)  But  you  are  landed  in  this  prac- 
tical difficulty  :  you  are  assuming  that  a  standard  varies 
with  the  volume  ;  you  must  either  begin  with  the  upper 
places  on  tho  stream  ari  make  them  purify  first,  and 
80  on  all  the  way  down,  or  you  must  first  ask  for  one 
standard,  and  a  little  later  for  another? — ^Well,  my 
standard  is  a  variaible  one;  it  is  bound  to  be  a 
variable  one. 

7596.  And  the  works  will  have  to  be  variable  ? — Cer- 
tainly. I  think  a  town  is  bound  as  it  increases  to  do 
more  and  more  with  its  sewage. 

7597.  (Colonel  H%rding.)  Your  standard  would  not 
vaiy  with  the  condition  of  the  river,  but  with  the 
volume  of  the  river  ? — ^Yes,  except  that  if  by  the  con- 
dition of  the  river  you  mean  its  previous  pollution  thai 
I  exclude  from  my  standard  altogether — X  except  that. 

7598.  (Dr.  Russell )  You  always  posit  the  condition 
that  it  shall  not  be  drunk — that  it  is  not  potable 
water? — Oh  yes. 

7599.  (Major-General  Carey.)  In  all  small  streams 
where  the  effluent  was  equal  or  more  in  volume  than 
the  stream,  you  would  insist  upon  a  much  higher 
standard  of  purification  ? — Certainly  ;  you  are  bound  to, 
I  think.  Putting  it  broadly,  a  town  is  entitled  to  its 
physical  advantage  of  having  a  big  river  going  past  it. 
If  a  town  has  a  small  river,  like  Birmingham,  and  some 
of  the  towns  on  the  top  of  the  watersheds,  that  is  their 
disadvantage,  and  they  have  to  work  up  to  it. 

7600.  (Chairman.)  Take  a  river  just  after  its  start. 
It  is  probably  very  small ;  well,  you  would  not  allow 
it  in  the  first  instance  to  be  polluted  at  all  ? — Oh  well, 
sir,  yes.  I  hold  that  all  effluents  are  polluting  striobly 
spcaiiing.  I  may  be  utterly  wrong,  but  I  hold  that, 
and  I  would  make  that  town  highest  up  nearest  the 
ridge  work  to  this  standard,  that  when  its  effluent  was 
turned  into  the  river  there  should  be  no  nuisance  or 
inconvenience  or  injury  or  putrescence  in  the  river 
after  it  was  turned  in. 

7601.  Well,  then,  you  presumably  put  that  par- 
ticular town  to  great  expense,  because  wo  will  assume 
that  the  river  is  small  soon  after  its  start,  and,  there- 
fore, it  could  only  render  an  effluent  harmiless  to  a 
very  slii^ht  extent,  if  at  all  ?— lixactly. 

7602.  Therefore  you  would  consider  it  right  that  that 
particular  town  should  go  to  great  expense  to  avoid 
pollution?— Certainly,  otherwise  the  alternative  seems 
to  me  that  you  have  to  allow  the  river  to  be  polluted. 
My  standard  is  that  there  must  be  no  pollution  as  I 
define  it. 

7603.  (Mr.  KiUkk.)  And  the  smaller  the  stream  the 
higher  the  standard  ?--Cert&inly.  It  seems  to  me 
ooamnon  sense.  I  mean  broadly,  we  turn  crude  sewage 
into  the  sea  with  a  properly  chosen  outfall,  wdthout 
inconvenience.  I  could  name  two  or  three  pluses 
in  tidal  riveis.  We  allow  chemical  precipitation, 
and  that  not  only  in  London  and  Ohiswick,  but 
in  inland  towns  on  big  rivers.  Whatever  the  rules 
may  oe,  they  are  not  worked  up  to,  but  no  inconveni- 
ence ensues.  In  towns  higher  up,  where  the  quantity 
of  water  in  a  river  is  smaller,  there  the  people  must 
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Mr.  G.  R.    work  to  the  higlier  standardfl.     I  think  that  Bhould  be  re- 

Straehan.    cognised. 

e Mar.  1901.  7604.  (Major-General  Carey,)  In  a  case  like  Plymouth 
you  are  not  allowed  to  turn  the  sewage  into  the  Sound 
without  treating  it,  are  ycu? — Certainly, 

7605.  No  treatment  whatever? — None. 

7606.  (Sir  Michael  Foster.)  Has  no  inconvenience 
arisen? — I  am  only  carrying  out  the  scheme,  sir. 

7607!  (Major-General  Carey.)  Was  there  not  some 
proposal  for  treaiting  it  beSfore  Mr.  Mansergh  was 
consulted  ?— Yes,  that  was  when  it  was  proposed  to 
be  discharged  close  in  shore.  They  proposed  to  put 
permanganate  into  it,  and  then  turn  the  whole  mixture 
into  the  sea.  That  was  knocLod  on  the  head  when  we 
undertook  to  take  it  out  500  or  600  yards  to  a  great 
depth. 

7606.  It  depends  very  much  where  the  outfall  is  to 
be  ;  whether  you  can  afford  not  to  treat  sewage  ;  or,  in 
fact,  on  the  position  of  the  outfall  with  respect  to  the 
town  which  it  serves  ? — I  agree  the  outfall  must  be  well 
chosen  when  crude  sewage  is  discharged. 

7609.  In  the  case  of  watering  places,  if  you  were  to 
discharge  crude  sewage  into  the  sea,  you  might  have 
the  crude  sewage  floating  up  and  down  in  front  of  the 
beach.  Untreated  sewage  would  become  a  frightful 
nuisance  unless  it  were  specially  provided  against  in 
tome  fjay? — ^I  agree,  but  I  would  like  to  say  that  of 
all  the  views  I  hold  on  sewage  I  hold  none  more 
strongly  than  this,  that  if  you  can  get  a  well-chosen 
outfall  into  the  sea  it  is  out  and  away  the  best  way  of 
disposing  of  sewage. 

7610.  Without  treatment  ? — ^Without  treatment. 

7611.  But  it  depends  on  the  local  conditions  of  tJhb 
place  ? — ^Yee,  a  well  chosen  oiitf all ;  Torquay  aeems  to 
me  to  be  an  excellent  case.  They  have  had  theirs  in 
operation  now  for  40  years.  They  discharge  the  sewage 
at  all  states  of  the  tide,  nctbody  ever  seee  it  in  any  shape 
or  form. 

7612.  Owing  to  the  i)oaitaon  of  the  outfall? — Yes. 

7613.  You  go  to  Falmoulbh,  where  tlhey  have  a  land- 
locked harbour,  and  if  you  discharge  crude  sewage  into 
the  (harbour,  it  would  probaibly  never  leave  it?— 53h,  of 
course. 

7614.  (Professor  Ramsay.)  It  is  very  difficult  indeed 
to  drew  the  line.  Take  the  Clyde,  which  is  beooming 
undnihabitable  along  the  shores  eimplv  because  tJhe  sewage 
is  discharged  from  each  house  into  tha  river  ? — Yes,  then 
in  that  case  somediing  more  has  to  be  done.  I  have 
done  a  lot  of  sea  out&lls,  and  if  the  Commassaon  care 
I  will  mention  what  was  done  at  each.  We  have  done 
a  great  many  lately. 

7615.  (Chairman.)  If  we  go  on  to  another  question, 
ihave  you  had  any  experience  about  oihoking  in  artificial 
filters? — Simply  what  I  have  read  and  observed.  I  think 
they  do  choke  if  jyou  do  not  have  sedimentation;  but 
as  far  as  I  can  judge,  if  you  'have  got  sufficient  tank 
capacity,  say,  24  hours  or  more  for  your  sewage, 
then  I  think  that  you  may  depend  upon  a  fairly  con- 
stant capacjty  in  the  filters  underneath  if  it  is  dooneetic 
8ew«ge  only. 

7616.  You  'have  had  no  prolonged  personal  experience  7 
— ^No,  only  what  I  have  observed. 

7617.  As  regards  land  treatment,  do  you  consider  that 
there  ought  to  be  fiome  preliminary  treatment  of  sewage 
before  it  is  turned  over  land? — ^Yes,  I  think  it  is  well 
to  take  out  tihe  grosser  solids  ;  I  think  that  is  very  help- 
ful. 

7618.  Ei/tiher  by  settling  tanks  or  by  screening,  I  sup- 
pose ? — ^Well,  screens,  I  think,  are  scarcely  sufficient,  if 
by  screens  you  mean  iron  screens,  they  are  scarcely  suf 
ficient.  I  do  now,  in  my  own  practice,  put  the  sewage 
into  an  upward  flow  tajik  at  the  bottom,  and  it  has 
to  pass  through  two  feet  of  clinker  and  oveiflow  at  the 
top.  I  clean  them  out  every  week  at  the  bottom ;  it  is 
very  helpful. 

7619.  (Colonel  Harding.)  In  such  cases  is  the  clin- 
ker carried  by  a  false  bottom  ? — Yes. 

7620.  A  grating? — A  grating,  as  a  matter  of  fact,  gir- 
ders across  and  iEttraighft  bricks. 

7621.  (Major-General  Carey.)  You  are  referring  to 
large  areas  of  sewage  dieposal  when  you  say  you  would 
screen  tihe  sewage  beforehand.  That  is  the  only  treat- 
ment you  would  'have  befordiand.  You  would  have  to 
have  a  very  krge  area  of  laud'  for  sewage  disposal? — 
Certainly. 


7622.  Taking,  say,  2,000  or  3,000  gallons  to  the  acre  ? 

—Yes. 

7623.  (Chairman.)  Do  you  consider  that  all  kinds  ui 
land  will  purify  sewage  ? — As  far  as  I  know,  everything 
short  of  rock. 

7624.  You  do  not  think  there  is  any  clay  so  hard  that 
the  sewage  would  fLotw  over  it  without  getting  clogged? 
— 'I  have  never  met  it.  I  have  never  met  wit^  day  on 
the  surface,  there  is  always  some  soil,  always  some. 

7625.  What  would  you  say  was  ithe  greatest  amoimt 
of  gallons  that  an  acre  of  beet  land  would  deal  with?~ 
I  cannot  tell  you  what  it  would  take ;  I  will  tell  you  trhat 
I  put  on  it  myself.  I  do  not  know  what  the  limit  might 
be.  I  would  not  put  upon  what  I  call  triaS.  Eanh 
lands  more  than  3,000  gallons  to  ths  acre,  and 
upon  the  very  best  lands  that  we  have  got  1 
know  nothing  which  would  justify  me  in  putting 
on  more  than  oO,000 ;  but  land  may  be  capable  of  deal- 
ing with  more.  I  merely  know  of  xio  experience  which 
would  juetify  me  in  doing  iU 

7626.  And  do  you  find  that  frost  or  very  cold  weaither 
affects  the  purification  on  land  ? — I  have  not  experienced 
that.  I  daresay  if  the  effluent  was  analysed,  and  I  am 
speaking  merely  as  an  engineer,  it  may  be  that  it  is  not 
quite  so  good  in  the  winter  as  it  is  in  the  summer; 
out  tlien,  of  course,  my  standard  in  Iflie  river  comes  in 
again.  The  river  is  not  likely  to  kick  up  at  having 
the  effluent  in  the  winter  so  nuuoh  as  it  is  in  the  Bonu 
mer.  The  thing  rights  itself.  I  would  like  to  say  that 
I  look  upon,  land  treatmenit  as  quiite  out  and  out  the  best 
thing  to  do  with  inland  sewage  if  you  can  have  plenty 
of  land. 

7627.  You  do  not  think  that  it  deteriorates  Hie  land  f 
— ^I  have  no  experience  ithatt  it  does. 

7628.  Assuming  that  proper  care  is  taken? — I  have 
no  experience  that  it  does.  I  will  take  Croydon,  for 
instance.  Of  course,  Croydon  has  been  in  operation  a 
long  time,  and  there  are  some  things  to  be  said  shoot 
it ;  but,  broadly  speaking,  I  think  the  Beddington  fam 
all  through  has  done  well.  I  make  it  a  rule  when  I  go 
on  to  a  sewage  farm  which  has  been  heavilj  dx)sed  with 
sewage  to  dig  into  it  to  see  what  it  is  like.  I  have  never 
found  discolouration  more  than  two  inches  or  two  and  a 
half  inches  down;  underneath  it  is  clean  and  natural, 
as  it  was  the  first  day.  It  may  not  be  so  cibemically, 
but  it  looks  like  it. 

7629.  (Professor  Eamsay.)  Would  you  be  willing  to 
insi^  on  a  minimum  acreage  of  land  to  purify  sewage? 
—-Well,  take  clay,  for  instance.  I  would  not,  under  any 
circumstances,  as  far  as  I  know  at  preeent,  allow  any- 
one to  put  more  sewage  on  than  3,000  gallons  per  acre. 

7630.  (Major  -  General    Carey.)  Whether    previously 
treated  or  not  ? — ^Yes,  and  I  would  insist  then  on  passing 
through  an  upward  screen  tank  or  sedimentation  tanks. 
It  may  be  too  low  a  standard  ;  that  is  what  I  would 
do  myself,  and  I  certainly  know  nothing   that   would 
justify  me  in  putting  30,000  gallons  per  acre. 

7631.  (Professor  Ramsay.)  That  is  ihe  maximum?— 
That  is  the  maximum  on  the  very  best  land  that  we  have 
got.  It  may  be  that  <land  will  do  more  than  we  think ; 
out  I  know  of  no  case.  I  may  say  (that  for  years  I  have 
been  looking  out  for  the  place  that  is  dealing  with  2)000 
persons  t.o  an  acre.  I  have  visited,  I  think,  all  the  pla<^ 
that  I  have  heard  of,  and  it  does  not  exist  that'  I  can 
find,  and  I  have  come  to  the  conclusion  that  it  never 
did  exiot. 

7632.  (Chairman.)  Should  I^be  right  in  thinking,  I 
have  .rather  gathered  it  from  the  general  tenor  of  your 
evidence,  that  you  are  of  opinion  that  every  great  com- 
munity should  be  left  as  free  as  possible  to  deal  with 
their  own  difficulties? — I  think  they  should  be  givea 
for  some  years  a  very  free  hand.  Might  I  say  my  mind 
on  that  subject? 

7633.  Yes,  do? — I  have  been  concerned  with  most  of 
the  big  towns  whose  problems  with  sewage  are  unsolved 
to  day,  and  I  do  think  it  is  very  desirable  that  ^ey 
should  be  allowed  money  to  carry  out  whatever  they 
can  get  responsible  men  to  advise  them  is  likely 
to  lead  to  success,  without  'being  hampered  by  condi- 
tions that  they  ^hall  make  a  somplelbe  solution  of  their 
problem.  May  I  mention  Manchester.  I  'have  no  brief 
for  Manchester,  I  know  nothing  of  its  present  diffi- 
culties ;  it  is  many  years  since  I  was  engaged  for  them ; 
I  only  refer  to  it  because  it  illustrates  my  point.  The 
experts  who  reported,  fixed  the  dry  weather  flow  at  2& 
million  gallons  per  day,  and  theur  scheme,  I  think,  iras 
for  30,000,000.  Well,to  an  engineer,  it  is  a  big  operation 
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to  deal  with,  30,000,000  gallons  of  liquid.     It  requiresi 
considerable  mariipui>iiive  skill  on  the  part  ot  the  men, 
however  carefully  the  engineer  may  deaign  the  works. 
Now,  as  to  Manchester,  I  merely  take  it  as  an  illustra- 
tion.    I  would  allow  Manchester,  if  I  had  my  way,  as 
much  money  as  it  required  on  loan  for  a  reasonable 
number  ol  years,  to  deal  with,  say,  60,000,000  gallons 
of  the  whole  quantity  every  day  that  comes  down.    I 
would  tell  them  frankly  that  they  need  not  bother 
About  the  balance  for  the  moment,  and  then  when  they 
have  got  their  works  into  operation  for  dealing  with 
60,000,000,    I   think  Manchester  would,    being   a  big 
progressive  town,    be  desirous    of    having    its    rivers 
olean  and  would  tackle  the  other.     I  am  sure  that 
if  that  was  done  they  would  enter  into  this  problem 
with   a  better    heart.       Now    in   the    experts'    report 
At    Manchester    they    gave    instances    of    where    the 
sewage    came   down   mixed    wdth   rain   at   the   rate    of 
180,000,000  and   190,000,000  gallons  per  day.     Well, 
that  is  the  dry  weather  flow  of  the  Thames  at  Tedding- 
ton,  and  while,  as  an  engineer,  I  am  not  going  to  say 
that  I  oannot  design  works  that  will  deal  with  it,  at 
the  same  time  it  is  a  very  big  problem,  for  what  it 
meanj  is  this — that  you  must  have  your  works  de- 
signed in  such  a  way  that  they  will  deal  with  a  mini- 
mum flow  at  the  rate  of  10,000,000  gallons,  and  then, 
with  scarcely  any  warning,,  they  are  to  be  equally  com- 
petent to  deal  with  180,000,000  gallons.  Well,  I  sup- 
pose it  is  possible,  but  I  should  not  like  to  run  sewage 
on  to  works  at  more  than  200  feet  a  minute  velocity, 
and  180,000,000  gallons  a  day  is  20,000  cubic  feet  a 
minute.     That  would  require  a  channel  5  feet  by  20  feet 
to  carry  it.     To  have  that  suddenly  thrust  upon  you 
at  any  moment  of  the  night,  to  be  upon  a  war  foot- 
ing, so  to  speak,  any  minute  of  the  day,  so  that  when 
it  came  down  you  could  deal  with  it  successfully,  does 
«eem  to  me  to  be  an  enormous  task,  and  I  think  those 
towns  Uiat  have  these  very  big  problems   should  be 
^ven  less  to  do  at  fiiet.     Do  away  with  90  or  95  per 
cent,  of  the  nuisance;   when  they  have  done  that  let 
them  deal   with   the  other.     I  daresay   that   is  rank 
heresy,  but  it  does  seem  to  me  what  I  would  do  at 
present. 

7634.  (Professor  Bamsay.)  But  you  rather  suggest 
that  the  authorities  at  Manchester  should  deal  uu- 
perfectly  with  practically  the  whole  of  their  sewage 
rather  than  deal  perfectly  with  a  small  quantity?— I 
would  prefer  that  they  should  deal,  what  I  would  call 
perfectly,  to  use  your  word,  though  it  does  not  quite 
express  my  meaning;  that  they  should  deal  properly 
with  the  whole  of  the  dry  weather  sewage  systematic- 
ally. I  would  give  them  that  chance  first,  and  then 
when  thev  had  solved  that  problem  I  would  call  upon 
them  to  deal  with  the  other,  which  in  bulk,  though  very 
large,  is  not  relatively  so  enormous. 

7635.  A  very  opposite  policy  has  been  pursued  ;  they 
aimply  excluded  all  their  crude  sewage  to  see  what 
they  could  make  of  it,  letting  the  main  bulk  of  it 
escape?— That  I  think  is  wrong.  Of  course,  so  long 
as  they  were  experimenting  that  was  a  justifiable 
policy,  but  supposing  that  Manchester  oould  find  men, 
in  fact,  they  have  found  men  of  standinc  to  recam- 
mend  to  them  a  definite  scheme,  who  say  that  in  their 
view  that  scheme  will  deal  with  the  sewage,  then  if  I 
had  my  way  I  would  say  to  Manchester  take  all  the 
money  you  want  for  that,  we  will  be  content  if  you 
deal  with  the  dry  weather  sewage  and  one  volume 
extra  to  aUow  for  the  first  rush  of  the  water.  We  mil 
be  content  if  you  tackle  60,000,000  gallons  a  day  with- 
out your  putting  down  works  to  deal,  on  a  war  footing, 
with  180,000,000  that  must  be  dealt  with  later,  for  the 
present  we  excuse  you  dealing  with  the  difference  be^ 
tween  that  and  the  180,000,000  gallons.  And  I  am 
quite  sure  that  Manchester,  Leeds,  Sheffield,  Bradford, 
all  those  big  towns  would  tackle  their  problem  with  a 
better  heart  if  they  were  given  something  that  was 
more  easily  got  at  than  the  whole  problem. 

7636.  {Major-General  Carey.)  Take  Manchester  with 
its  25,000,000  gallons,  who  has  asked  them  to 
treat  180,000,000?—!  do  not  know  that  anyone  has, 
but  the  problem  that  the  engineers  got  was  to  deal  with 
that  quantity.  What  I  had  in  my  mmd  was  this  : 
that  if  I  brought  forward  a  scheme  to  deal  with  two 
volttmes  I  might  get  it  through,  but  I  would  hardly  ex- 
pect it.  I  think  I  would  get  it  through  Parliament, 
but  I  doubt  if  I  would  get  it  through  the  Local  Govern- 
ment Board. 

7637.  (Colonel  Harding.)  Is  there  a  Local  Govern- 
ment Board  standard  now  requiring  a  certain  number 
of  dilutions  to  be  dealt  with  by  the  authorities  ?— I  do 


not  know.  Sir.    I  know  there  ia  an  unwritten  practice  Mr.  g.  n. 

of  six  volumes.  Straehan. 

7638.  Which  you  think  would  be  quite  impracticable  p  Mar.  1901 
for  authorities  ? — I  do  not  go  so  far  as  to  say  it  is  im- 
practicable ;  it  is  too  big  a  problem  for  them  to  tackle 

at  once. 

7639.  Then  in  allowing  them  to  deal  with  two  dilu- 
tions  as  you  suggest  you  would  not  keep  back  from 
them  this  knowledge  that  later  on  they  would  be 
required  to   do  more? — Certainly   not. 

7640.  Tou  consider  that  that  is  essential? — Abso- 
lutely, but  I  think  they  have  got  practically  an  un- 
solved  problem. 

7641.  Then,  briefly,  your  view  is  this — that  you  think 
it  would  meet  every  reasonable  case  if  any  authority 
were  to  deal  with  four  times  its  normal  flow,  but  at 
first  you  would  not  ask  them  to  deal  with  more  than 
twice  the  normal  flow? — Only  in  the  case  of  those  big 
manufacturing  towns,  not  small  ones. 

7642.  Where  you  would  go  to  six? — I  wish  to  limit 
what  I  have  said  to  those  big  manufacturing  ttowns. 

7643.  But  if  you  weje  only  treating  twice  your  dry 
weather  flow  tiiat  means  that  everything  over  twice  has 
to  go  into  the  river  ?-^I  agree. 

7644.  But  no  Kivers  Board  would  consent  to  that  ? — 
i  would  let  the  Bivers  Board  take  their  action. 

7645.  The  difficulty  now  lis  that  nearly  the  whole  of  it 
goes  into  the  river  untreated.  You  merely  look  on 
that  as  a  step  towards  something  better  ? — <juite  ;  I  do 
not 'know  the  Rivers  Board,  but  they  are  practical  men, 
and  would  act  reasonably  if  Manchester  said:  ^'Kow, 
gentlemen,  we  are  going  to  tackle  60,000,000." 

7646.  (Major-General  Carey.)  "We  are  going  to  tackle 
twice  our  dry  weather  flow,"  never  mind  the  60,000,000  i 
— "Twice  our  dry  weather  flow.  When  we  have  dealt 
with  that  we  will  tackle  the  other.  If  you  choose  in 
the  meantime  to  prosecute  us  we  will  stand  our  chanco 
with  the  magistrate.''  But  they  oannot  get  the  money. 
I  know  the  case  of  Salford.  Salford  could  not  get  the 
money,  and  I  look  with  exceeding  approbation  on  the 
action  of  Parliament  that  gave  Salford  last  year  power 
to  rai«ie  £150,000  without  a  condition  as  to  land  treat- 
ment or  anything  else.  Salford  will  be  brought  to 
book  by  the  Bivers  Board  if  it  does  not  do  its  duty. 

7647.  (Chairman.)  Tou  approve  of  the  action  of  Par- 
liament in  that  case? — ^Thoroughly.  I  supported  Sal- 
ford wholly ;  it  seemed  to  me  commonsense. 

7648.  Would  you  like  to  see  a  general  law  under 
which  each  town  as  big  as  Salford  could  get  a  loan 
which  should  leave  this  without  conditions? — ^No,  I 
do  not  go  quite  that  far.  I  would  rather  say 
if  the  Local  Government  Board,  for  instance, 
would  plainly  recognise  that  this  is  a  thing  to  be 
done  in  the  cases  of  these  big  towns  (and  bother  the 
thing  whether  it  is  consistent  with  another  town  which 
has  different  circumstances).  I  think  that  would  be 
sufficient.  I  think  the  Local  Government  Board  might 
very  fairly  say  "We  will  accept  that  as  a  first  instal- 
ment. 

7640.  (Major-General  Carey.)  Do  you  not  think  it 
would  be  very  difficult  indeed  to  get  a  place  after  it  had 
carried  out  its  first  instalment  to  go  on  with  its  second 
instalment?—!  think  not.  I  think  when  the  people 
realised  what  an  improvement  came  to  their  rivers 
when  they  had  dealt  with  90  or  95  per  cent  of  the 
pollution  they  would  tackle  the  other.  When  they  have 
leametl  to  manipulate  that  portion  of  their  sewage 
they  will  appreciate  what  it  means  to  be  clean  and 
tackle  their  duty  in  a  proper  manner.  That  is  my 
view ;  at  any  rate,  the  law  is  strong  enough  to  make 
them. 

7650.  (Sir  Michael  Foster.)  You  were  about  to  tell  us 
something  about  your  experience  about  the  outfall  into 
the  sea? — I  have  bad  just  yesterday  a  very  instructive 
example  of  a  sea  outfall,  for  it  happens  that  the  Har- 
bour Board  in  the  town  that  I  am  referring  to  are 
carrying  out  pier  works  within  500  yards  of  the  sea 
outfall,  and  this  curious  thing  came  up.  The  sewage 
is  discharged  crude  at  all  states  of  the  tide,  and  during 
calm  weather  the  pier  people  when  digging  out  the 
foundations  have  never  experienced  any  inconvenience 
from  the  sewage,  but  after  a  storm  when  they  go  bac\, 
because  they  cannot  work  in  the  storm,  they  find  the 
l)ottom  of  their  trench  filled  with  sewage  debris.  I 
think  that  is  very  instructive  in  this  respect :  it  shows 
inclusively  to  my  mind,  knowing  the  circumstances, 
that  about' 200  yards  out  or  so  from  the  outfall  there 
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Mr.  G,  R.  ^^^B  ^  iniXm  weather-  g»tiher  a  large  bank  of  sewage 
Straehan.    inud  Under  the  water.     It  causes  no  nuisance,   there 

4  MJ^ftOi  i-*  ^o  *^8^  w»hatever  of  it  on  the  water,  but  during 
— '- —  '  atorms  it  is  moved  away,  becaufle  it  is  old  sewoge 
aad  not  freah  sewage  that  comes  into  these  trenches. 
Therefore,  it  opened  my  eyes  to  what  I  had  not 
realised  before,  namely,  that  within  a  very  few 
iHindred  yards  of  the  shore  an  outfall  that  does  not 
give  any  signs  of  surface  pollution  or  any  signs  what- 
ever of  polluftion  by  putrescence  may  be  causing  a  de- 
posit  upon  the  bed  of  the  sea.  It  i-nclines  me  more 
than  ever  I  have  been  before  to  get  my  sea  outfalls  well 
out  into  strong  currents.     I  have  done  Exmouth  lately. 

766L  (Major-Generod  Carey.)  And  discharge  on  the 
ebb  tide  ? — I  am  going  to  mention  them  now.  At  Souths 
end  it  is  partly  sea  and  partly  tidal.  We  have  large 
tank?,  and  we  store  the  sewage  up;  that  is  the  dry 
weather  sewage  ;  the  rain  we  cannot.  We  stoire  the 
sewage  up  for  eight  hours,  and  let  it  go  on  the  top  of 
the  tide,  and  two  hours  before  low  water  it  is  shut  off, 
so  that  the  tide  has  two  houie  going  ourt  to  carry  it 
awa  y.  There  is  no  inconvenience  felt  there.  At  Sid- 
mouth  practical ly  the  same  thing  is  done,  only  owing 
to  some  very  curious  currents  that  are  there  it  is  only 
let  out  for  one  hour,  it  is  stored  for  11.  At  Shoebury 
praotioally  the  same  thing  is  done  ;  we  let  it  go  on  the 
falling  tide.  At  Worthing  there  was  no  chance  owing 
to  the  levels  of  getting  a  storage  tank  that  would  dis- 
charge by  gravitation,  so  there  we  built  the  tanks  at  a 
high  level.  We  pump  the  sewage  up,  and  discharge 
it  ui)on  the  tides  that  carry  it  away.  It  does  not  happen 
to  be  high  tide  or  low  tide,  it  is  between  the  two  tides 
owing  to  the  curious  currents  there.  The  thing  it  seems 
to  me  in  sewage  outfalls  is  to  get  the  sewage  into  those 
currents  that  would  carry  it  away  from  the  town. 

7662.  (Sir  Michael  Foster.)  Do  these  currents  mean 
dastribution  or  simply  transference  ? — ^Transference. 

7663^  And  deposited  elsewhere  ? — I  suppose  that  must 
happen  after  what  I  have  explained  to  you  about  that 
other  town,  but  in  all  the  cases  that  I  have  mentioned 
there  is  no  visible  evidence  of  this  deposit,  and  I  take  it 
that  as  long  as  that  is  so  we  need  not  worry  whether 
it  is  there  or  not  if  nobody  is  hurt. 

7664.  {Mr.  Power.)  The  floats  gave  no  indication  of 
such  a  bank  forming  ? — None  whatever,  sir. 

7666.  (Professor  Bamsay.)  Is  there  no  special  kind  of 
vegetation,  no  special  kind  of  seaweed  ? — -Kone  that  we 
found;  it  never  gave  evidence  of  its  presence  until 
this  pier  came  and  the  storm  moved  it. 

7666.  (Sir  Michael  Foster.)  That  was  old  sewage,  that 
was  moved? — ^Unimistakeably  old  sewage  as  opposed  to 
fresh  sewage. 

7667.  (Major-General  Carey.)  And  that  applies  to  the 
open  sea  out-fall  not  to  tidal  water? — Oh,  no,  that  is 
the  sea. 

7668.  Was  this  an  estuary? — It  is  the  channel. 

7659.  It  is  the  open  sea  ? — It  is  the  open  sea.  Now  at 
Aberdeen  they  have  just  got  a  scheme  through 
Parliament  two  years  ago  for  discharging  the  whole  of 
the  crude  sewage  upon  the  nose  of  land  that  is  to  be 
south  of  the  salmon  river.  One  naturally  inquire! 
what  the  eileHj  would  be  upon  the  salmon.  It  is  a 
matter  of  opinion  ;  it  must  be  until  the  thing  is  tried ; 
but  there  was  a  consensus  of  opinion  on  the  part  of  all 
the .  experts  on  salmon  that  it  would  not  prevent  the 
salmon  coming  that  way  going  through  it,  and  up  the 
river.     I  was  rather  astonished  at  it, 

7660.  (Major-General  Carey.)  They  have  got  evidence 
directly  contrary  to  that  at  Exeter  f — I  heard  all  sorts 
of  funny  things  at  times,  that  is  what  was  said  t^ere ; 
the  salmon  now  go  through  all  the  sewage  of  Aberdeen. 

7651.  (Professor  Bamsay.)  You  have  had  experience 
of  the  upward  screening  of  sewage,  have  you? — ^Yes. 

7662.  Before  broad  irrigation  takes  place? — Yes. 

7663.  What  is  your  opinion  of  that? — ^I  think  very 
highly  of  it. 

7664.  It  works  w^ll? — I  think  it  is  more  than 
mechanical ;  I  only  judge  as  an  engineer,  I  have  not 
analysed  it,  but  it  seems  to  me  the  stuff  comes  out  a 
great  deal  cleaner  than  mere  mechanical  straining,  and 
the  small  quantity  of  sludge  relatively  that  you  get  left 
is  very  striking. 

7665.  It  is  easily  removed  is  it  not? — If  you  desigm 
your  works  properly  quite  easily  removed. 

7666.  And  does  not  make  a  nuisance? — ^Well,  I 
always  place  it  upon  constructed  filters,  so  that  it  parts 


with  the  water  readily,  and  in  two  or  three  days  barrow 
it  away  at  once.  But  as  it  it  the  old  open  air  aludge 
method  I  always  take  care  to  put  it  in  a  place  where 
it  will  not  be  offensive. 

7667.  Have  you  s^en  the  Nuneaton  system  ? — Yes. 

7668.  Are  the  Ooshiam  precipitating  tanks  used  there  t 
— ^There  is  a  special  tank  there. 

7669.  Can  you  give  us  any  idea  as  to  how  it  works? — 
I  do  not  tie  myself  to  that  particular  tank,  bat  I  do 
hold  that  he  tank  that  they  have  at  Nuneaton — that 
deep  tank  with  the  upward  flow — I  think  that  is  the 
preferable  form  of  sedimentation  tank.  As  a  matter  of 
fact  they  are  going  to  use  them  wholly  at  Nuneaton. 
I  was  advising  Nuneaton.  I  have  another  scheme 
in  which  I  wanted  to  have  sedimentation  before  the 
contact  beds,  and  I  have  put  down  one  of  those 
tanks  about  20  feet  deep  with  a  conical  bottom.  The 
sewage  will  be  taken  in  at  the  bottom  and  it  has  to  rise 
through  itself.  That  tank  will  hold  a  day's  flow.  1 
think  I  will  get  the  true  septic  condition ;  I  think 
further  I  have  all  the  advanti^^  of  the  falling  sludge 
straining  the  rising  suspended  matters.  In  addition  I 
have  an  easy  means  of  emptying  the  sludge  at  the 
bottom  simply  by  turning  the  valre  owing  to  the  pres- 
sure of  the  water  on  the  top. 

7670.  Do  you  intend  to  empty  the  sludge? — When 
necessary. 

7671.  If  it  is  to  act  as  a  septic  tank  the  sludge  surely 
should  not  be  emptied  ? — Well,  it  would  oome  to  be  a 
necessity,  because  if  I  undervband  the  septic  tank  it  is 
filling  up  one  sixth  a  year  at  Exeter  that  is  my  obser- 
Tation.  Its  oapacity  in  two  years  has  fallen  from 
43,000  to  31,000  gallons.  It  is  only  a  question  of  bo> 
many  years  before  it  chokes  up. 

7672.  It  is  a  question  of  how  many  years.  Some 
people  think  it  very  much  slower  than  that,  but  still 
you  would  propose  to  have  appliances  to  dischai^  your 
deposit  if  necessary?—!  think  the  depoaLt  would  be 
small,  but  I  would  have  means  to  discharge  it. 

7673.  What  volume  does  your  tank  hold ;  is  it  being 
oonstructed  ? — ^It  is  being  constructed.  The  one  I  have 
in  my  mind  would  hold  a  little  over  a  day's  flow. 

7674.  What  does  that  amount  to  there  ? — It  is  only  a 
small  place — about  34,000  gallons.  I  may  mentaon 
that  at  Nuneaton  the  scheme  that  was  put  forward  there 
was  for  open  septic  tanks.  The  surveyor  very  properly 
in  my  judgment  has  determined  to  put  in  these  deep 
tanks  instead  of  the  open  septic  tanks.  I  think  he 
will  get  a  better  result  than  he  would  with  shallow 
tanks. 

7676.  Is  the  deep  tank  the  Oosham  one?— J  do  not 
know.  I  think  the  Oosham  one  is  another  tank  with  a 
lot  of  concentric  appliances ;  if  so  I  do  not  think  nmch 
about  that. 

7676.  Is  it  very  costly  to  make  such  a  tank  in  com- 
parison with  making  an  ordinary  horizontal  tank? — It 
is"  more  expensive,  but  if  the  ground  in  which  the  tank 
has  to  be  made  is  like  clay  or  rook  then  they  are  not 
very  expensive,  but  they  are  more  expensive  of  course 
than  shallow  tanks.  It  seems  to  me  if  you  have  to  roof 
them  in,  the  roof  is  very  much  smaller,  and  there  is 
the  advantage  of  their  efficiency.  I  judge  that  their 
efficiency  will  be  ahead  of  any  form  of  septic  tank 
that  I  have  seen. 

7677.  (Major-General  Carey.)  How  do  you  arrange 
your  storm  overflow  for  any  desired  number  of  dilu. 
tions.  If  your  storm  overflow  is  designed  we  will  say 
to  take  over  Ave  dilutions,  and  the  weir  is  fixed  and  the 
population  increases,  of  course  that  proportion  is  lost 
at  once  ? — Not  quite.  What  I  do  with  all  my  storm  over- 
flow's is  this  :  I  put  them  in  at  the  level  of  the  soffit  of 
the  sewer.  I  never  allow  overflow  until  my  sewer  is  full. 
The  way  tJiat  I  regulate  it  is  this ;  if  I  am  doing  a 
pumping  soliome  I  merely  put  in  pumps  that  would 
deliver  six  or  eight  volumes,  or  whatever  I  chose.  Then 
the  other  has  got  to  go.  If  on  the  other  hand  it  is  a 
gravitation  scheme  then  I  throttle  the  outlet  so  that  it 
does  not  pass  more  than  I  want  to  the  farm.  I 
entirely  disagree  with  the  practice  which  puts  the  over- 
flow half  way  up  a  sewer,  or  two-thirds  up  a  sewer.  I 
think  this  will  show  that  my  overflows  would  not 
need  altering,  I  would  simply  augment  or  enlarge  my 
pumps  as  the  population  grew. 

7678.  I  am  not  talking  of  a  pumping  scheme,  but  an 
ordinary  gravitation  scheme,  with  a  certain  number  of 
overflows  on  to  a  line  of  sewers? — Or  in  the  case  of  a 
gravitation  scheme  I  would  throttle  my  inlet     to  my 
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sewage  works,  so  that  it  would  not  pass  more  than  the 
required  quantity. 

7670.  The  overflows  I  mean  are  on  the  line  of  sewers 
a  long  way  before  you  come  to  the  sewage  works.  The 
ordinary  orerAows  which  are  dischaiging  into  the  rirers 
when  the  sewage  is  diluted  by  five  times  its  volume 
wit^  storm  water?— As  an  engineer  I  do  not  know  how 
to  put  an  overflow  on  a  line  of  sewer  that  will  auio- 
matioally  dischaige  a  given  qaantifty  of  w«t€>r.  If  you 
have  an  overflow  aibove  the  soffit  everything  will  run  out 
of  it  when  it  is  ronning  fnll  if  tihere  is  no  open- 
ing at  the  end.  If,  on  the  other  hand,  you  put  your 
overflow  down  «t  the  end  then  it  overflows  exactly  when 
you  get  the  ou'tside  capacity  up  to  that  point,  and  the 
way  I  regulate  mine  is  to  throttle  my  outlet,  and  wtbat 
cannot  be  got  through  the  outlet  is  bound  to  overflew 

7680.  That  does  not  express  any  distinct  proportion, 
does  it,  of  the  num«ber  of  dilutions — simply  throttle 
the  outlet,  everything  else  goes  ?— iSupposing  I  throttle 
my  outlet  to  pass  six  dilutions,  then  every  thing  else 
overflows.  I  do  not  know  any  other  way  of  dmng  it. 
I  ailway^  take  oare  at  my  sewage  <works  to  have  my 
princijpal  overflow  fixed.  I  use  intermediate  overflows 
merely  for  relief  when  the  sewers  get  undier  pressure. 

7681.  Do  you  take  the  maximum  flow,  say  five  dilu- 
tions, or  the  mean  flow  ? — The  mean ;  and  of  course  if  it 
hiappens  to  come  at  the  middle  of  the  day  when  the 
sewage  is  runninff  foul,  no  doubt  the  overflow  is  a  little 
fouler  than  it  will  be  in  the  middle  of  the  night. 

7682.  {Frofessor  Bamsay,)  What  is  the  depth  ol  your 
tanik— of  t3ie  one  you  propose  to  make?— -I  th&nk  it  is 
24(ft,  sir,  (to  the  bottom  of  the  cone.  Inere  is  a  very 
fine  example  of  that  tank  at  Kettering— a  very  large 
tank — and  the  surveyor  has  been  for  some  weeks  pass- 
ing through  that  tank  its  proportion  of  the  daily  flow 
to  see  its  effect. 

7683.  And  is  it  a  masonry  tank  ?— ffiriicik. 

7684.  (Colonel  Harding,)  You  have  given  certain  at 
tention  to  the  biological  method  of  treatment,  but  you 
told  us  you  did  not  give  special  personal  attention  to 
that  section  of  the  work,  and  therefore  I  do  not  pro- 
pose to  ask  you  any  questions  upon  that.  You  have 
made  this  statement  that  you  think  continuous  is  better 
than  intermittent  filtration,  and  yx>M  have  approved  of 
the  septic  tank? — ^Yes. 

7685.  But  I  take  it  that  you  liave  not  given  any  par- 
ticular attention  to  this  work,  and  therefore  it  may  not 
be  neoeesaiy  for  me  to  press  you  for  the  grounds  of  youT 
views? — ^I  can  onl^  speak  as  an  engineer — fium  the 
chemist's  or  bacteriological  point  of  view  my  opinion  is 
worth  nothing. 

7686.  I.  will  confine  myself  to  the  engineering  fea- 
tures. You  say  it  is  desirable  to  withdraw  tlie  sus- 
pended solids  from  sewage,  whether  you  are  to  treat  it 
on  land  or  by  artificial  filters.  Do  you  think  that  it 
is  necessary  where  you  are  going  to  put  the  sewage  on 
land,  not  only  to  withdraw  those  solids,  but  to  with- 
draw them  in  soch  a  way  as  that  there  will  be  septic 
action,  or  do  you  only  propose  a  septic  tanlc  where  the 
second  treatment  is  to  oe  artificial  filtration  ? — •!  think 
I  w^uld  hesitate  to  have  septic  action  without  contact 
beds  or  some  beds  to  follow  it,  because  of  the  smell, 
but  what  I  understand  is  that  it  would  be  Ihelpful — 
the  land  would  ibe  helped  if  septic  action  were  set  up. 

7687.  You  have  not  had  any  experience  of  treating 
septic  effluent  on  land  ? — "So, 

7688.  But  you  foresee  that  there  might  be  a  nuisance 
in  connection  with  such  treatment  ?--^ll  the  effluents 
from  the  septic  tanks  or  tanks  in  which  putrescence 
has  occurred  have  always  smelt ;  that  I  have  found. 

7689.  Hien  where  sewtage  is  jgoing  to  be  treated  on 
land  you  wouM  have  the  capacity  ^  these  upward  fil- 
tratk>n  tanks  or  sepanation  taniks  so  small  that  septic 
action  would  not  have  time  to  arise? — Substantially 
they  are  so. 

7690.  The  matters  settled  out  would  have  been  re- 
moved before  septic  action  arose? — Substantially  so. 

7691.  Where  there  is  godng  to  be  artificial  filtration 
vou  would  have  the  capacity  of  these  tanks  sufficiently 
large  to  permit  of  septic  aotion  arising  ? — We  are  speak- 
ing of  different  forms  of  upward  flow  tanks — ^I  would  do 
away  with  the  upward  flow  screen  tank,  and  I  would 
put  in  upward  flow  septic  tanks  of  this  capacity.  I  dis- 
tinguish between  the  two. 

7692.  What  is  the  distinction  ?— At  Coventry  it  enters 
the  tanks,  passes  through  the  false  bottom,  and  up. 

7693.  It  does  in  the  other  case  too? — ^In  the  other 
case  there  is  no  false  bottom  and  no  filtering  material 
in  it. 
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7694.  In  the  septic  tank,  which  is  to  precede  artificial    Mr.  0.  r. 
filtration  there  is  no  surface  screen  ? — ^>i  one  whatever.       Straehan. 

7695.  It  is  a  mere  septic  tank? — ^A.  different  form  <A    Mmr.  I90i. 
septic  tank.  ' 

7696.  A  mere  natural  sedimentation  which  is  per- 
mitted to  develop  septic  conditions? — That  is  so. 

7697.  Where  you  were  going  to  put  sewage  on  land 
you  put  it  through  a  screen? — ^Yes. 

7698.  And  remove  the  stuff  immediately  aiterwari» 
to  prevent  septic  conditions  arising? — ^Yea. 

7699.  You  have  not  any  experience  of  a  a^tie 
tank  covered  by  such  a  screen  as  you  have  referred  to 
at  all  ? — ^No,  I  take  it  the  screen  would  not  be  necessary 
in  the  septic  tank. 

7700.  But  it  would  form  a  sort  of  roof,  which  you 
thought  would  be  useful  ? — ^The  screen  is  at  the  bottom. 

7701.  {Professor  Bamsay.)  The  screen  would  ibe  at  the 
top? — ^The  screen  is  a  foot  or  so  below  the  surface  of 
the  water. 

7702.  lb  has  a  certain  depth  of  coke  or  something  of 
that  kind  carried  on  a  false  bottom  ?— On  a  false  bottom. 

7703.  If  you  have  an  adequate  depth  below  that,  so 
as  to  etore  the  solidb  there  down,  and  give  them  tame 
to  develop  septic  conditions,  you  have  a  spetic  tank 
with  a  screen  roof  1—1  have  not  contemplated  making 
sucfi  a  thing  before. 

7704.  I  rather  gather  that  is  what  you  suggesrt^? — 
No. 

7705.  Do  you  see  any  objection  to  that  beyond  the 
question  of  cost? — Cost.  I  do  not  know  how  a  sepvic 
tank  effluent  would  act  if  it  had  to  go  through,  tnia 
stuff  ;  it  would  probably  improve  it.      I  do  not  know. 

7706.  The  probability  that  it  would  throw  down  more 
of  the  suspended  solidis  l^ian  it  now  does?— Yes,  prob- 
ably. 

7707.  Your  reason  for  providing  a  roof  on  the  septic 
tank  was  that  to  prevent  nuisance? — -I  do  not  know,  I 
think  it  is  better  covered  up  ;  that  is  all. 

7708.  Why?— ^Because  I  imagine  at  tunes  it  might  be 
offensive. 

7709.  How  would  the  roof  prevent  it  being  offensive  ? — 
By  keeping  the  smell  in. 

7710.  There  oould  not  be  any  permanent  storage  of 
mododoiTous  gases? — They  escape  when  you  bum  them. 

7711.  The  roof  to  be  effective  must  act  as  a  store  of 
malodorous  gas?— Let  it  escape  in  the  air.  It  is  easily 
burned  from  what  I  have  seen  at  Exeter. 

7712.  But  if  the  gases  which  axe  produced  and  which 
are  combustible  are  merely  marsh  gas  and  nitrogen 
and  (hydrogen  they  are  not  malodorous,  are  they  ? — ^j 
general  knowledge  says  not,  but  I  imagine  that  the 
septic  tank  effluent  has  a  bad  amell  at  times. 

7713.  That  is  a  point  about  which  I  will  not  question 
you,  but  this  englneenng  point  is  one  upon  which  I 
think  you  can  be  very  helpful  to  us.  You  expressed  the 
opinion  that  the  chioKing  of  filter  beds  is  not  necessarily 
fatal  to  your  system  of  sewage  treatment  7 — Yes. 

7714.  You  foreeee  that  eooner  or  later  contact  beds 
will  probably  choke  up?— May — I  prefer  may. 

7715.  But  assume  that  Hiey  do  ultimately  choke  up,  you 
say  that  the  material  may  be  renewed  at  a  cost  which 
is  not  prohibitive?— Yes. 

7716.  Assuming  that  the  material  is  coke,  what  would 
be  about  its  value  per  cubic  yard  ? — 6s.  or  8s.  put  in. 

7717.  Take  6s.  per  cubic  yaid  ?— Yes. 

7718.  W>11,  what  cost  would  that  represent  per  acre  f 
—About  £1,500. 

7719.  Per  acre,  at  6s.  per  cubic  yard  ;  I  have  xeoikoned 
It  out  £2,178  2>er  acre?— What  depth,  sir? 

7720.  Ijt  yards,  which  is  the  usual  depth  for  such 
tanks? — That  would  be  so. 

7721.  You  think  that  an  expenditure  of  £2,000  an 
acre  would  not  be  prohibitive  provided  it  did  not  arise 
too  frequently? — ^Yes.  Might  I  just  mention  the  case 
on  which  I  base  that  opinion,  because  I  have  the  facts 
at!  Exeter.  They  have  been  working  for  3^  years  on 
31,380  gallons  a  day.  During  that  time  those  contact 
beds  have  dealt  with  40,000,000  gallons  of  dry  weather 
sewage,  excluding  rain.  Now,  they  have  670  cubic 
yards  of  filtering  materials  in  those  beds.  Sup- 
posing thev  dealt  with  it  by  what  I  suppose  would  be 
the  alternative,  namely,  a  chemical  process.  I  do  not 
know  of  any  other  alternative,  and  that  is  what  I  base 
mv  estimate  on.     Then  the  chemicals  would  have  cost 
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them  £60,  dialling  with  sludge  would  have  cost  them 
£130,  and  I  ithmk  they  would  have  required  one  man 
extra  to  look  after  the  chemical  works  ae  compared  with 
what  tihej  would  require  to  look  after  the  septic  tank 
and  oonbaot  bed.  In  3^  jears  it  would  -have  cost  Exefter 
£400  to  deal  with  the  31,380  gallons  of  sewage.  Now, 
assume — it  is  not  a  fact,  but  assume — ^that  thoee  beds 
are  done  for.  Well,  Exeter  could  afford  to  pay  10s.  a 
cubic  yard  to  renew  them  at  the  end  of  those  years,  and 
be  £65  in  pocket 

7722.  What  rate  filtration  per  acre  are  yoa  reckoning 
iiow  ?— ^  am  reekonang  whab  they  aie  doing  new  that  the 
670  cubic  yards  are  capable  of  dealing  with  31,380  gal- 
lons daily. 

7723.  Have  you  reckoned  out  what  vt  comes  to  per 
acre  or  per  square  yard? — 'I  think  they  have  a  water 
capacity  at  Exeter  of  about  25  or  30,  but  I  will  work 
it  out  lor  you,  sir. 

7724.  Suppoeing  you  put  it  in  itihie  way,  would  it  be 
pxactioaible,  do  you  thiuky  to  deal  with  6,000,000  gallons 
per  acre?---I  'kzuow  nothong  that  would  justify  you  i<n 
doing  so  on  contact  beds. 

7725.  You  do  not  think  even  that  quambuty  can  be 
done  ? — I  express  no  opdnion  as  to  what  can  be  done  ;  I 
know  nothing  that  would  justify  it  in  praotice.  It  may 
be  so. 

7726.  You  do  not  iknow  of  500,000  ^lons  per  acre 
being  dealt  with  anywhere  ^Not  day  by  dtoy.  Lab  me 
guaxd  myself.  Alb  Ikuiking  a  portion  of  the  sewage  equal 
to  one  million  gallons  per  acre  is  dealt  with  on  their 
six  foot  'bed,  but  I  believe  it  to  be  true  that  when  you 
come  to  deal  with  the  whole  of  the  flow,  owing  to  the 
small  quanrtity  which  comes  in  the  night,  and  the  big 
rush  in  the  day,  that  you  cannot  get  sewage  through 
them  at  that  rate. 

7727.  Can  you  suggest  to  us  what  rate  is  Idkely  to  be 
attained  by  contact  beds  ? — ^Well,  in  practice,  sir,  what 
I  do  is  to  provide  about  3  acres  per  million. 

7728.  Then  the  ooet  of  renewing  the  material  for 
3  acres  for  1,000,000  gallons  would  be  roughly,  it 
4ft.  6in.  deipth,  £6,000  ?-^I  have  not  checked  that— it 
would  be  a  veiy  coneideraible  sum  of  money. 

7729.  The  whole  question  turns  upon  haw  often  it 
would  be  necessary  to  do  this? — Th«t  is  so,  sir. 

7730.  Have  you  ifonmed  any  <^ndoji  voarself  as  to 
hofw  often  that  would  be  likely  to  arise  f— In  the  case 
of  Exeter  it  has  gone  to  3^  years.  I  tHinJc  I  am  staiid- 
ing  on  solid  ground  when  I  say  it  is  good  for  3^  yeare  ; 
how  much  longer  I  really  cannot  tell. 

7731.  Have  you  any  idea  where  it  is  possible  to  deal 
with  crude  sewage  on  such  filters  at  all?— Ohoking  up 
would  come  on  more  rapidly. 

7732.  If  they  would  require  to  be  renewed  every  two 
jears.  Have  you  considered  whether  this  oo0t  of  re- 
newal would  be  quite  an  impracticable  one  ?— Well,  I 
would  not  like  quite  to  go  so  far,  but  i  should  hesitate 
to  put  anything  in  that  I  thought  was  going  to  oome 
to  an  end  in  two  years. 

7733.  As  to  the  cost  of  material  to  form  filter  beds, 
do  you  think  that  6s.  a  cubic  yard  is  a  proper  figure 
to  talke  for  any  (kind  of  material  ?'7-^o,  1  thdnk  it  will 
ooet  more  as  time  goes  on.  I  am  Burning  some  clay  at 
the  present  time.  The  clay  is  on  the  ground ;  I  am 
gebtinfi:  it  put  into  the  filtere  at  8b. 

7734.  Per  cubic  yard? — ^Yes,  the  contractor  has  a 
slight  pull  at  that,  but  it  is  godng  to  cost  something 
about  that. 

7735.  When  people  talk  to  you^about  cliniker  at  2s.  6d. 
per  ton  it  is  more  necessary  to  consider  what  will  be 
the  cost  per  cubic  yard  than  the  cost  per  ton  T^-^lf  any. 
one  woukL  make  a  jpermanent  oontiact  with  me  to  sup- 
ply all  the  clinker  I  want  at  6s.  per  cubic  yard  I  would 
settle  with  him  at  once ;  I  think  it  is  a  very  big  diffi- 
culty finding  all  this  quantity  of  stuff. 

7736.  I  do  not  want  to  go  except  very  lightly  into  the 
material  to  be  used,  but  you  think  that  6s.  per  cubic 
yard  as  a  basis  of  calculation  is  not  in  any  way  uiv- 
reasonable  ? — I  have  nob  got  any  put  in  at  less. 

7737.  In  another  part  <A  your  evidence  where  you 
were  taldcing  about  £»nd  treatment  you  said  that  2f  an 
effluent  from  artificial  filters  is  passed  finally  over- 
land that  you  think  it  likely  tfiiat  a  larger  quantity 
than  30,000  gallons  per  acre  could  be  dealt  with  pro- 
vided it  is  not  made  to  go  through  the  land,  but  allowed 
to  go  along  Ihe  surface  ?— Yes,  I  gave  expression  to  that 
opinion. 

7738.  In  flowing  eewase  along  the  surface  will  you 
explain  what  Iflie  method  of  procedure  is,  assuming  the 


land  is  level.  Do  you  mean  that  you  flood  the  land?— 
Nc,  I  would  let  it  run  on,  with  a  very  slight  gradient 
at  the  top,  in  as  thin  a  film  as  possible,  and  let  it  flow 
continuously  over  it. 

7739.  And  the  land  is  not  under-drained? — ^No. 

7740.  The  sewage  is  not  encouraged  to  pass  throuj^  the 
iand  ? — ^No. 

7741.  Some  of  it  will  pass  through  it /—Undoubtedly. 

7742.  A  part  of  it  will  pass  over  it?— vViiil  pass  over 
it 

7743.  What  is  the  nature  of  the  purification  ^ou  get 
in  that  way? — 'It  is  only  •an  expression  of  opinion.  X 
do  not  know.    What  I  want  to  guard  myself  against  is 

that  30,000  gallons  per  acre  represents  the  maximum 
that  the  best  land  will  do. 

7744.  But  you  have  experience  of  flowing  sewage  over 
a  sui<£aoe  in  that  way? — Oh  yes. 

7745.  And  do  you  obbin  much  .purification  in  that 
way?— Oh  yea. 

7746.  Then  what  is  the  nature  of  the  process?— I  can- 
not tell  you,  I  am  an  engineer. 

7747.  The  sewage  leafves  behind  it  probably  on  the 
surface  more  suspended  solids? — Yes,  a  few,  a  little — 
the  same  as  ordinary  irrigation. 

7746.  Obviously  they  must  have  been  withdrawn  if 
it  does  nob? — Exactly  the  same  as  in  all  irrigation — 
whatever  solids  do  not  go  through  the  land  remain  on 
the  suiface  whether  you  put  the  water  througjh  the  land 
or  over. 

7740.  You  find,  in  fact,  there  ia  a  puiifioation,  but 
YOU  have  not  invefrtd^ated  what  the  iirooess  is — whether 
It  is  a  process  of  oxidation  with  or  wdthout  a  bacterial 
agency  f— I  know  nothing  about  that. 

7750.  If  a  system  of  artificial  filtration  produced  an 
effluent  whnch  had  reached  80  per  cent,  of  purification 
before  it  was  put  on  the  land  you  have  not  much  fear 
that  flawing  it  at,  say,  20,000  gallons— or  it  is  rather 
more— wouM  bxdng  about  »the  remaining  purification  to 
bring  it,  sav  to  §0,  have  you?— ^I  should  expect  that, 
but  if  you  asked  me  on  what  grounds  I  expected  I 
would  be  in  a  difficulty,  but  I  would  expect  it. 

7751.  I  want  'to  know  iwhat  sort  of  results  aie  obtained 
by  flowing  the  sewage  over  the  surface  of  the  land  in 
that  way  ?^— Take  the  Beddington  Farm  at  Cioydon. 
Very  Httle  of  it  under-dt«ined,  and  it  sends  out  veiy 
good  effluent. 

7752.  And  does  the  bulk  of  the  effluent  come  out  at 
the  far  end  over  the  surface,  or  does  it  really  oome 
out  undenieaitili  thiough  drains  or  otiherwise? — ^I  cannot 
tell  you  the  propoitaon,  but  there  is  a  considerable  bulk, 
the  major  portion,  I  should  judge  bv  the  eye,  does  come 
over  the  surface. 

7763.  The  flow  at  the  far  end  over  the  surface  seems 
to  be  nearly  as  kige  as  the  flow  ever  the  surface  at  the 
beginninjs  ?^I  w<oiud  not  say  nearly  as  laarge,  but  I 
should  yodge  sosniethinff  between  50  per  cent,  and 
two-thiirds— It  should  judge  so. 

7754.  (Professor  Bamsay.)  Does  it  not  make  a  nui- 
sance?— ^No,  Sir,  there  have  been  complaints  at  odd 
times  of  the  Croydon  farm,  but  substantially  it  is  a  well 
managed,  successful  farm. 

7755.  (Cchnd  Harding,)  But  where  you  have  pre- 
viously withdrawn  almost  the  whole  of  the  suspended 
solids  from  a  sewage,  do  you  not  &id  the  porincation. 
over  artificial  filters  is  more  ra^id  and  more  certain  than 
overland  7 — Oh,  yes,  I  agree  with  you  there  that  if  you 
can  give  an  artificial  filter  a  definite  ^uantitv  of  work  to 
do  that  it  represents  our  best  condition  of  dealing  with 
sewage. 

7756.  Tou  may  deal  with  it  really  as  an  area  of 
specially  prepared  land  ? — That  is  what  I  do  regard  it  in 
my  own  mind. 

7757.  And  artificial  filters  and  land  process  are  the 
same  process  over  a  larger  area  and  smaller,  that  is 
your  view  ? — I  am  taught  it,  and  I  believe  it. 

7758.  You  believe  that  view  ? — I  cannot  pin  myself  aa 
to  its  truth  except  by  my  eye.     I  am  an  engineer. 

7759.  Returning  to  the  important  question  we  dis- 
cussed some  time  since,  you  think  that  if  a  great  manu- 
facturing town  can  be  induced  in  the  first  instance  to 
deal  with  twice  its  normal  flow,  the  first  dilution  being 
always  a  bad  one  that  that  ought  to  be  expected  as  a 
first  stage,  but  they  ought  to  be  told  that  later  Uiey  will 
be  expected  to  deal  with  at  least  two  more  diluticni  f — 
Yes,  at  least  two  more. 
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Mr.    Alderman   H.   F.   Hibbsbt,   Ohoxilej,   Lancanhirt^  called  in ;  and  Examined. 


7760.  (Chairman.)  Ton  are,  I  think,  Mr.  Alderman 
Hibbert,  of  Chorley,  Lancashire,  a  member  of  the  Kibble 
Joint  Committee  and  Chairman  of  the  Chorley  Sewage 
Works ;  County  Councillor  for  the  Borough  of  Chorley  ? 
— I  am. 

7761.  Will  you  kindly  give  us  an  account  of  the 
Chorley  sewage  and  sewage  works,  and  of  your  own  ex- 
perience in  sew^age  treatment? — The  population  of 
Chorley  is  28,000,  but  only  the  sewage  from  26,000  enters 
the  Chorley  Sewage  Works,  the  remaining  2,000  being 
served  by  three  small  installations  in  low  lying  parts  of 
the  borough.  The  Liverpool  Corporation,  from  whom 
Chorley  obtains  water,  gives  the  daily  supply  as  a  little 
over  10  gallons  per  head  of  the  population.  The  dry 
weather  flew  of  sewage  into  the  works  is  between  600,000 
and  700,000  gallons  per  day.  There  is  very  little  trade 
refuse  in  our  sewage,  which  for  all  practical  purposes 
may  be  called  a  domestic  sewage.  We  have,  however, 
to  treat  the  effluent  from  three  or  four  small  breweries, 
one  tannery,  and  the  public  abattoirs.  All  the  st')rm, 
soil,  and  surface  water  enters  the  ordinary  sewer.  Our 
analyses  have  been  made  by  Mr.  W.  Naylor,  F.C.S.  and 
A.M.I.C.E.,  Chief  Inspector  of  the  Bibble  Watershed 
Committee,  and  Mr.  Carter  Bell,  Analyst  for  the 
Borough  of  Salford,  though  we  have  had  analyses  from 
Dr.  Bostock  Hill  and  Dr.  Thresh.  We  have  used  as 
precipitants  ferrozone,  ferral,  and  alumino  ferric.  The 
average  proportion  of  chemicals  per  gallon  used  was  last 
year  8*31  grains.  The  amount  used,  however,  varies 
every  day,  according  to  the  state  of  the  sewage,  the 
highest  quantity  used  last  year  being  11'2  and  the  lowest 
6'56.  Our  subsidence  tanks  have  a  capacity  of  1,442,800 
gallons.  526  tons  of  wet  sludge,  containing  00  per  cent, 
of  moisture,  are  produced  each  week.  The  sludge  is 
removed  every  other  filling  of  the  tanks,  otherwise  it  is 
more  difficult  to  treat.  The  flow  of  sewage  is  inter- 
mittent. We  have  experimented  with  continuous  flow 
but  find  it  impossible  to  get  perfect  precipitation.  Our 
filters  are  rectangular,  containing  about  1,400  super- 
ficial yards,  with  a  depth  of  3  feet  3  inches.  The  top 
layer  of  the  filters  is  sand  dredged  from  Fleetwood  Har- 
bour, the  next  12  inches  of  polarite  and  sand  mixed,  and 
then  graded  down  to  small  boulders  of  from  2  to  3 
inches.  Our  rate  of  filtration  is  about  450  gallons  per 
square  yard  per  24  hours.  The  filters  are  washed  weekly. 
They  filter  more  rapidly  after  being  freshly  washed, 
and  slower,  of  course,  towards  the  expiration  of  their 
time.  The  average  quantity  of  sewage  dealt  with  daily 
is  about  700,000  gallons.  The  quantity  is  increased  in 
time  of  storm,  sometimes  to  the  extent  of  twice  or  three 
times.  In  such  a  case  we  treat  as  much  as  we  can  over 
the  precipitation  tanks  and  filters,  working  cdutinuous 
flow  so  long  as  the  flow  lasts.  The  remainder  goes  into 
the  stream  unireated.  The  precipitaied  effliuent  is 
distributed  on  the  filters  by  means  of  syphons.  The 
syphons  unseal  every  40  minutes,  and  cover  the  filters 
3  inches  deep  with  water.  The  capacity  of  the  syphon 
chambers  is  2,400  gallons.  This  quantity  of  water  is 
therefore  sent  through  the  filters  every  40  minutes. 
There  is  thus  a  layer  of  air  between  each  filtration,  or 
passage  of  the  water  through  the  filters,  which  un- 
doubtedly purifies  the  interior  strata.  The  effluent  is 
examined  at  least  monthly  by  the  river  authority  ;  every 
day  by  us.  The  samples  are  examined  as  drawn,  *after 
shaking  the  bottle.  An  average  analysis  of  the  crude 
sewage  would  read  as  follows  :  — 

Albuminoid  Nitrogen        '66 
Dissolved  solids  about  80*00 
Suspended  solids  from  10*00  to  25*00 
Clilorine      •        -        -    9*00 

The  crude  sewage  is  constantly  varying  owing  to  the 
rapid  conversion  which  is  being  made  from  the  pail  to 
the  water  carriage  system.  This  variation  is  caused  by 
the  emptying  of  the  pails  into  the  sewer.  I  have  known 
the  crude  sewage  to  contain  5*0  per  100,000  albuminoid 
nitrogen.  The  works  have  been  running  since  October, 
1895,  without  any  rest.  We  have  not  made  any  observa- 
tions of  the  temperature.  No  nuisance  has  ever  been 
caused  by  the  treatment  except  when  we  went  in  for  con- 
tinuous flow  as  an  experiment.  We  are  still  proceeding 
with  the  same  treatment  we  have  followed  for  the  last 
four  years.  We  should  be  glad  to  see  the  Royal  Com- 
mission again,  but  they  have  already  visited  the  works. 
I  have  experimented  with  continuous  and  quiescent 
flow  in  precipitation  tanks,  and  have  come  to  the  con- 
clusion that  it  is  impossible  with  continuous  flow  to  get 
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as  good  results  as  from  quiescent  flow,  either  in  quantity  ^r, 
of  water  treated,  or  quality  of  the  final  effluent,  if  the  Alderman 
said  effluent  has  to  be  treated  on  a  filter  with  a  top  g^^^ 
strata  of  sand.  I  have  also  made  exhaustive  experi-  —  * 
ments  on  continuous  and  intermittent  flow  on  filters  ^  Mar.  i90i. 
composed  of  sand,  polarite,  gravel,  the  results  of  which 
prove  that  a  water-logged  filter  will  not  produce  satis- 
factory results,  either  in  point  of  quantity  or  quality. 
I  have  also  experimented  on  coke  filters  on  the  same 
lines,  and  with  the  same  results.  I  have  visited  all  the 
principal  sewage  works  in  Lancashire,  and  am  conver- 
sant with  the  different  methods  there  in  operation,  and 
as  a  result  believ  it  is  possible  to  treat  sewage  effectively 
by  other  systems  than  the  one  in  operation  at  Chorley. 
I  think,  however,  that  none  of  them  can  produce  an 
effluent  as  good  as  Chorley,  in  point  of  quantity  and 
quality  of  gallons  treated  for  t^e  same  expenditure, 
capital  and  current,  in  consequence  of  Uie  greatly  in- 
creased area  of  the  filters.  The  system  in  operation  at 
Chorley  was  started  October,  1895.  The  works  have 
cost  14s.  7d.  per  head  of  the  population  (26,000)— 
£19,000.  The  annual  expenditure  on  current  account  is 
£1,373,  or  Is.  O^d.  per  head,  but  including  the  payment 
of  interest  and  sinking  fund,  the  total  charge  per  head 
is  Is.  93d.  We  commence  the  making  of  our  own  pre- 
cipitant in  a  few  weeks,  when  we  hope  to  save  at  least 
15s.  per  ton.  We  are  at  present  lighting  up  a  portion  of 
our  sewage  works  with  gas  made  from  our  pressed  sludge. 
This  sludge  is  carbonised  in  exactly  the  same  manner  as 
coal,  and  gives  off  on  an  average  7,000  feet  of  20  candle 
power  gas  per  ton.  We  have  also  made  sulphate  of 
ammonia  from  the  ammoniacal  liquor,  which  is  slightly 
better  both  in  quantity  and  quality  than  the  same 
bi-product  from  coaL 

7762.  (Professor  Ramsay^  At  OhtTrley  the  average 
daily  flow  is  600,000  or  700,000  gallona,  is  it  not?— 
The  diy  weather  flow  is  between  600,000  and  700,000 
gallons  per  day. 

7763.  And  the  capacity  of  thetani&B? — ^The  capacity  of 
the  >tanks  is  1,120,000  gallons. 

7764.  Th<at  ds  to  say,  the  tanlbs  are  about  twice  ae 
large  as  the  daily  flow,  roughly  s^ieaking  ? — ^Yes,  they 
are  'twice  as  Isrge  as  the  dry  weather  flew. 

7765.  So  tbat,  oupposimg  there  is  a  dry  weather  flow, 
does  any  antiseptic  action  go  on  in  the  tanks? — ^None 
whatever. 

7766.  You  do  not  allow  it? — ^No. 

7767.  Do  you  clear  the  tanks  periodically  ? — ^We  dear 
the  tanks  every  dther  filling)  iuod  would  be  very  glad 
to  clear  them  every  filling  if  possihle. 

7768.  Would  it  <be  possible  to  use  such  tanks  as  a 
septic  tank?-— Oh  yes,  as  an  open  septic  tank. 

7769.  Bu^  you  poiposely  do  not  do  so? — That  is  so. 

7770.  Tlhen  ae  reeards  the  precipitants,  you  use  ferro- 
zone, ferral,  azKi  alumino-ferric?— -We  hiave  used  them 
all  in  turn. 

7771.  And  have  you  any  views  as  to  which  is  prefer- 
able?— PersoxMilly,  and  mj  manaffer  also,  I  prefer  the 
ferral,  which  ib  made  with  euhSiario  acid.  In  fact, 
we  are  just  on  the  point  of  miaking  our  own  precipi- 
tant.   That  is  from  economical  reasons. 

7772.  Is  there  a  patent  ?—-Ko. 

7773.  You  wash  the  filters?— We  wadi  them  eveiy 
week. 

7774.  Can  you  tell  us  i'f  the  ifirst  effluents  after  wash- 
ing are  better  or  worse  than  the  last  effluents  before 
washing?—^  should  be  almost  inclined  to  thlnik  that 
the  effluenfts  further  »way  from  the  washing,  that  is 
when  the  filter  wanits  washing,  are  better  than  the 
effluents  from  the  newly-washed  filter. 

7775.  Do  you  •attribute  that  to  bacterial  action? — ^I 
cannot  say,  I  do  not  know.  Of  course  you  lose  a 
very  laige  amount  in  cajiaoity  in  order  to  get  the 
better  effluent,  because  the  Alters  run  very  slowly  when 
they  have  been  woifking  about  seven  days. 

7776.  Then  you  gain  oapaoity  by  washing  them? — 
Undoubtedly. 

7777.  How  is  the  washing  carried  out? — ^The  filters 
ore  (Worked  in  triplets.  We  have  upw»td  washing  in 
each  of  the  filters,  and  then  we  have  a  patent  washing 
machine  designed  by  myself,  which  rakes  up  the  top 
four  of  five  inches  of  sand,  and  mixes  it  with  the  water 
whicfti  has  come  through  the  Alters.     The  sand  settles 

3o  2 


420 


ROYAL   COMMISSION   ON   SEWAGE   DISPOSAL: 


jf}..        first,  and  that  which  we  take  out  in  the  form  of  mud 

Alderman   lies  on  the  top.    Thds  is  then  brushed  oft  by  means  oi 

ff^l^      v«ry  soft  brushes,  and  gravitates  to  wihat  we  call  out 

—  '     sand-wash  water  tank.     After  this  it  gravitates  to   a 

e  Mar.  1001.  pulsometer,  and  is  pumped  back  into  the  mixing  channel 

lor  retreatm-enU 

7778.  Ihe  «and  is  pumped  baok? — No,  the  water. 
The  sand  is  cauf^ht,  the  bulk  of  the  sand  remains,  of 
course,  on  the  iilter  bed  itself,  hvat  any  samd  which 
e<»apes  from  the  filter  bed  on  ito  way  to  the  sand  wash 
water  tank  is  caught  by  means  of  inteiceptors,  and  ex- 
posed to  the  action  of  the  atmosphere  and  then  used 
agadn.     There  is  practically  no  loss  ol  sand,  I  imay  say. 

7779.  The  washing  bakes  place  practically  on  top  of 
the  filters l-^'Well,  all  the  matter  which  has  come  in 
^vith  the  eeiwage  from  the  preoipitatiom  tank  is  washed 
out.  We  find  that  it  never  penetrates  more  than  four 
or  kve  inches  into  the  top  layer  oif  sand,  which  is  some 
8  inches  deep.    We  simply  get  it  out  again. 

7780.  Unfortunaitely,  I  was  not  able  bo  see  the  Chor- 
ley  Sewage  ^heme,  so  perhaps  you  will  excuse  this 
question :  Do  I  understand  it  that  you  do  not  remove 
the  sand  from  the  top  of  the  filters  ? — Oh,  not  at  all  ; 
we  rhave  simply  a  revolving  Take  wfidoh  etins  .up  violently 
tiie  top  four  or  five  inches  of  sand,  and  mixes  iit  with 
the  water  which  has  come  up  by  means  of  the  upward 
wash. 

778L  You  find  a  certain  amount  of  nitrate,  I  think, 
in  the  effluent,  do  you  not? — ^Yes. 

7782.  Which  shows  that  baoterial  action  does  go  on  ? 
— ^So  I  am  told.  I  should  like  to  interpolate  here  Ihnt 
I  am  <not  a  chemist,  I  am  a  commercial  mai^ . 

7783.  But  your  experience? — ^I  am  simply  speaking 
from  my  own  experience,  and  my  analyses  which  I  have 
to  put  before  you  are  not  my  own  but  those  of  compe- 
tent chemista. 

7784.  But  the  fact  of  nitrate  occurring  in  the  effluent 
would  show  that  some  oiganisme  are  present  in  your 
filters?—!  am  told  by  chemical  men  that  bacterial  ac- 
tion has  taken  place. 

7785.  You  do  not  aerate  your  filters  at  all,  dio  you  ? — 
Oh  yes  we  do. 

7786.  Are  they  not  worked  continuously? — Oh  no,  I 
think  the  good  results  that  we  get  in  Ohoirley  are  almoet 
solely  owing  to  the  intermittent  treatment  of  the  efflu- 
ent from  the  precipitation  tanks  on  the  filters.  They 
are  worked  by  means  of  syphons,  as  I  say  in  my  evi- 
dence here.  The  syphon  chamber  holds  2,400  gallons 
of  water.  This  2,400  gallons  of  water  is  liberated  by 
means  of  a  syphon  every  40  minutes.  I  ouffht  to  say 
it  is  liberated  every  40  minutes  when  the  niters  are 
freshly  washed.  Tie  filters  get  slower,  which  they  do 
owing  to  their  becoming  much  more  dirty.  Then  it  is 
cuetomaiy  with  our  people  to  stop  the  syphon,  say,  fur 
an  hour  in  order  to  allow  the  water  in  the  syphon  cham- 
ber— if  you  can  follow  me — not  to  overtake  the  water 
which  is  in  the  filter. 

7787.  But  yon  allow  tlie  jfilters  to  rest  after  each  drain  ? 
— No,  they  simply  draw  in  the  atmosphere  with  them, 
and  then  they  are  ready  for  a  fresh  discharge. 

7788.  How  long  does  it  take  to  draw  in  the  atmos- 
phere?— ^Well,  we  fill  the  filters  by  means  of  tlie  syphon 
dhamJbers  every  40  minutes.  We  do  that  as  a  general 
rule. 

7789.  What  part  of  the  40  minutes  is  consumed  in 
running  off  the  water? — ^We  never  let  that  completely 
nin  off.  Our  object  is  to  run  tBe  water  through  the 
fitrata  of  polarite  and  sand,  and  as  floon  a9  the  mter  is 
partially  emptied  you  fill  it  again  7— We  fill  it  again 
— ^yes. 

7790.  You  uee  the  expression,  *' quiescent  flow,''  that 
does  not  imply  continuous  flow? — No. 

7791.  No  m>ecial  sample? — ^We  fill  our  precipitation 
tanks  with  140,000  gallons  of  watier  and  sewage,  and  al- 
low them  to  stand  until  we  think  the  solid  (matter  in  the 
tanks  has  been  precipiitiated.  iXis  is  very  carefully 
watched  hj  the  man  in  charge  of  the  8  precipitation 
tanks,  and  he  never  allows  an  e£^uent  to  go  from  the 
precipitation  tanks  on  to  the  filters  unless  it  is,  in  his 
judgment,  in  a  satisfactory  oondition  to  go  there.  There 
is  practioallv  very  little  suspended  matter  in  the 
effluent  which  is  sent  from  the  precipitation  tank  on 
to  the  filter. 

7792.  Can  you  hand  in  copies  of  analvees  of  sewage 
in  Ghcrley? — ^Yee,  there  is  one  here  by  Dr.  Thretfh. 

7793.  {Colonel  Harding,)  Do  you  not  have  systematic 
analyses  taken — ^regular  analyses?— Oh  yes,  they  are 
taken  by  the  Waltershed  Committee. 


7794.  How  often? — They  are  taken  always  once  per 
month. 

7796.  Have  you  any  average  of  those  analyses  per 
month  over  a  long  period  ?— -Yes,  I  can  |^ve  you 
that  for  the  last  three  years,  but  that  only  gives  me 
al'Laminoid  amrmonia  in  the  iilter  effluent  Jtsel:. 

7796.  What  we  all  want  is  an  average  based  on  a 
large  number  of  analyses? — Very  well,  the  average  for 
the  year  1898  of  the  filter  effluent  from  the  Chorlej 
precipitation  works  was  *094  per  hundred  thousand 
parts  of  albuminoid  ammonia.  The  average  for  1880, 
•067. 

7797.  (Professor  Bamsay.)  The  first  figure  was  for 
1898?— 094  for  1898;  '067  for  1899;  and  '0776  for 
1900.  The  average  for  the  three  years  of  all  the  samples 
taken  by  the  Biver  Watershed  Committee  at  Ohorley  is 
•076. 

7798.  Is  that  all  your  department? — Yes. 

7799.  They  do  not  estimate  the  oxygen  absorbed?— 
The^r  do  occasionally,  but  very,  very  rarely.  They 
only  take  oxygen  absorbed  in  my  Watershed  Oom- 
mittee  where  the  sewage  effluent  itself  is  very  foul, 
or  very  full  of  organic  matter,  and  in  that  respect  we 
differ  of  course  from  the  Mersey  and  Irwell  Watershed 
Committee. 

7800.  (Colonel  Harding,)  Have  you  any  instances 
where  the  oxygen  absoi^^  is  given  ? — ^I  have  not ;  in 
fact  I  do  not  think  it  has  ever  been  odven  for  Chorley 
usnless  it  has  been  given  at  my  special  request  in  order 
to  compare  it  with  some  sample  from  Ishe  odier  Water- 
shed Oommattee,  and  in  that  respect  I  feel  bound  to  say 
this  in  the  interests  of  those  who  are  trying  here  to 
solve  this  very  great  difficulty,  that  I  think  it  would  be 
ej  very  great  deal  better,  at  any  rate,  if  the  two  Water- 
shed Committees  in  Lanoashire  adopted  as  it  were  the 
same  standkurd.  You  see  in  the  Urbble  Watershed  Com- 
mittee we  pin  our  faith  on  albuminoid  ammonia  ;  in  the 
Mersey  and  Irwell  Watershed  Committee  they  pin  their 
faith  on  oxygen  absorbed. 

(Mr,  KiUick,)  No,  pin  our  faith  on  oxygen  absorbed 
is  nather  a  strong  term. 

(Professor  Bamsay.)  No,  we  do  not  do  that,  but  it  is 
a  valuable  point. 

(Mr.  KiUick,)  It  is  the  note  that  is  always  taken, 
albuminoid  ammonia  is  also  always  taken. 

7801.  (Professor  Bamsay.)  Always  taken? — ^Yes,  but 
it  is  not  reported.  As  a  n^atter  of  fact,  I  have  here  a 
list  of  the  reports  of  the  Mersey  and  Irwell. 

7802.  (Mr,  KUHek,)  That  is  perfectly  true.  It  is  not 
reported? — Therefore  anyone  who  wishes  to  compare 
what  they  are  doing  in  their  own  particular  works  or  my 
Watershed  Committee  are  unable  to  compare  it  with 
what  is  being  done  in  Mr.  Killick's  Watershed  Com- 
mittee. Here  are  two  copies  of  the  two  last  reports. 
One  of  them  gives  the  oxygen  absorbed  four  hours'  test 
grains  per  gallon  and  nothing  else ;  in  the  Ribble 
Watershed  Committee  we  get  parts  per  100,000  albu- 
minoid ammonia. 

7803.  I  think  the  Ribble  Watershed  Committee  is  the 
only  committee  that  use  the  albuminoid  ammonia  alone  f 
— Of  course  I  know  nothing  about  that,  but  I  have  had 
a  lot  of  conversations  with  the  different  chemists,  both 
in  your  watershed  and  in  my  watershed,  and  I  find  a 
concensus  of  opinion  in  favour  of  the  albuminoid  am- 
monia. Of  course,  I  do  not  attach  any  importance  to 
that.  What  I  mean  to  say  is  this,  that  it  would  be  far 
better  if  the  two  committees  took  both  the  tests^and  then 
we  should  be  able  to  compare  them  if  we  gave  oxygen 
absorbed  and  if  the  Mersey  and  Irwell  gave  albuminoid 
ammonia. 

7804.  I  may  point  out  to  Mr.  Hibbert  that  when  an 
effluent  is  complained  of  the  full  analysis  is  sent  to  the 
offending  authority  ? — J.  believe  that  is  so,  yes. 

7805.  So  any  authority  in  the  Mersey  and  Irwell  re- 
ceiving a  complaint  is  in  possession  of  the  information 
which  we  should  like  them  to  have? — The  only  thing 
I  ask  is  the  outside  public,  particularly  the  chairman 
of  other  works  and  watersheds  should  have  the  same 
opportunity. 

7806.  (Professor  Bamsay.)  Would  it  not  be  possible  to 
let  us  have  those  analyses  that  you  have  had  made  in 
full  ? — I  could  get  the  Ribble  Watershed  Committee  to 
send  them  to  you  if  you  mean  the  separate  analyses  upon 
which  I  based  my  average. 

7807.  I  mean  all  the  analyses  you  have  made? — ^Oh. 
yes,  you  could  have  them  with  pleasure.  This  average 
has  simply  been  got  out  by  me  for  my  own  purposes. 
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.for  daring  the  last  three  or  four  months  I  have  been 
making  a  visit  to  all  the  principal  sewage  works  in 
Lancashire  to  see  what  they  are  doing,  because  it  is 
necessary  now  that  the  filter  area  in  Qhorley  is  going 
to  be  .'jicreased ;   I  wanted  to  see  if  anyone  was  doing 

-better  in  order  that  I  might  recommend  my  corporation 
to  adiopt  other  means  of  purification  than  those  we  had 

-at  Chorley. 

7808.  If  you  thought  it  desirable  ?— If  we  thought  it 
•desirable,  yes. 

7809.  (Major-Genercd  Carey,)  Is  that  owin^  to  the  in- 
.  crease  of  the  sewage  ? — That  is  owing  to  the  increase  of 

the  sewage  and  in  relation  to  that  I  think  I  ought  to 
make  an  explanation  with  regard  to  the  flow  of  sewage 

.at  Chorley.  I  think  I  misunderstood  the  question  to 
some  extent,  that  is  with  regard  to  the  dry  weather  flow 

of  sewage  into  the  works  being  between  600,000  and 
700,000  gallons  per  day.  Now,  that  is  perfectly  true, 
but  the  average  amount  of  sewage  which  has  gone 
through  the  Chorley  works  per  day  not  of  filtrate,  but 
the  average  amount  of  sewage  which  has  gone  through 
Ohorley  works  per  day  has  been,  in  1901,  1,274,477 
gallons.  Of  course,  a  large  amount  of  this,  you  see,  is 
storm  water,  that  is  included. 

7810.  (Colonel  Harding.)  Has  all  that  passed  throueh 
ihe  tank  ? — It  has  passed  tnrou^h  ther  precipitation  taiuc, 
but  not  all  passed  through  the  filters.  In  case  of  a 
storm  where  the  flow  approximates  to  three  times  the 
normal  flow  we  are  allowed  to  send  it  direct  into  the 
river  without  treatment. 

7811.  (Sir  Michael  Foster.)  But  after  precipitation  ? — 
Well,  without  precipitation  at  all,  but  as  matter  of  fact 
we  do  not  do  that.  We  send  as  much  of  this  storm 
water  (and  it  is  principally  storm  water)  as  we  possibly 

•can  through  the  precipitation  tanks,  and  in  that  case, 
work  con'dnuous  flow. 

7812.  (Professor  Bamsay.)  On  to  the  fillers?— No,  it 
does  not  go  on  to  the  filters  at  all.  There  are  eight 
precipitation  tanks  set  on,  four  of  them  at  the  end  have 
K^ntinuous  flow  in  the  treatment  of  this  storm  water, 
the  remaining  tanks  will  be  used  for  the  purpose  of 
aerving  the  filters. 

7813.  Do  you  draw  any  distinction  between  the  first 
£ow  of  the  storm  water  of  the  subsequent  flow  ?— Yes, 
we  always  impound  the  first  flow  of  storm  water  because 
it  seems  to — I  was  going  to  say  scrape  out  the  sewers. 
At  any  rate  there  is  an  enormous  amount  of  growth  on 
the  sides  of  the  sewer  which  is  liberated  by  the  first  rush 
of  the  storm  wator,  and  we  always  take  care  to  impound 
that ;  in  fact,  it  will  come  down  as  black  as  ink  for  a  few 
minutos,  probably  20  minutes,  until  the  sewers  have 
Ijeen  thoroughly  cleaned  out  by  this  rush  of  storm  water. 

7814.  (Major-General  Carey.)  How  do  you  separate 
the  water  which  is  going  on  to  the  filtors  from  the  wator 
which  is  going  on  straight  away  to  the  tanks  ? — ^We  have 
an  arrangement  by  which  we  can  deal  with  wator  in 

that  way.  We  have  separato  channels.  We  have  over- 
sows attached  to  our  two-end  precipitation  tanks  so  that 
we  can  deal  with  continuous  flow  either  through  the 
whole  series  of  eight  tanks  or  through  the  two  end  ones, 
or  connecting  with  them  any  number  of  the  tanks,  so 
that  we  can  work  at  the  same  time  continuous  flow  of 
:  sewage  which  has  been  treated  with  the  precipitant  and 
quiescent  flow  of  sewage,  that  is  allowing  for  precipita- 
tion over  our  filtors  at  one  and  the  same  time. 

7815.  A  proportion  of  the  total  volume  goes  to  the 
filtors  ? — ^Exactly  ;  our  filtors  absorb  as  much  of  this 
water  as  they  can  possibly  do,  so  they  are  never  stopped. 

7816.  How  do  you  separate  the  water  that  is  going 
-straight  to  the  stream  from  the  sewage  which  is  going 
to  the  filters  ? — ^Well,  we  have  two  different  channels. 

7817.  (Professor  Bamsay,)  But  you  do  not  separato 
the  different  amounts.  Tou  merely  treat  some  of  it  and 
let  the  rest  overflow  ? — ^We  treat  a  portion  of  it  as  much 
as  we  can  over  the  filters,  the  remainder  we  will  send 
through  four  precipitotion  tanks,  and  send  it  direct 
into  the  stream    after    precipitotion,  only    it   is    not 

-quiescent  precipitotion  ;  if  you  understond  what  I  mean, 
it  is  continuous  flow. 

7818.  (Mr.  KiUick.)  You  say  you  are  allowed  to  send 
it  into  the  stream  at  three  times  ?— That  is  so. 

7819.  By  whom,  by  the  Watershed  Committee  ? — The 
Watershed  Committee. 

7820.  And  the  Watershed  Committee  require  you  to 
-.treat?— I  ought  to  say  by  the  inspector 


782L  You   are   a   member  of  the  Watorshed   Com-       Mr, 
mittee  ? — I  am.  Aldennan 

7822.  Is  there  any  resolution  of  the  Watershed  Com-    Uiiun. 
mittee ?-I  think  not  ^  ^—^^ 

7823.  (Major-General  Carey.)  What  chemicals  are  you      

using  now  ?— We  are  using  at  the  present  moment  alu- 

mino  ferric 

7824.  Have  you  given  up  f errosone  7— We  have  given 
up  ferrozone,  because  it  went  worse ;  it  was  not  as  good 
in  quality  as  it  originally  had  been.  Then  ferral  came 
on  the  market,  and  we  used  it  for  a  oonsiderable 
time,  then  we  found  we  could  make  the  precipitant 
ourselves  considerably  under  the  price  we  were 
giving  lor  ferral,  and  we  thought  as  commercial  men  we 
were  justified  in  doing  that.  When  the  manufacturera 
of  ferral  were  told  that  we  were  going  to  discxmtinue 
the  use  of  it,  seeing  we  were  the  largest  customers  they 
discontinued  making  it.  We  were  thrown  on  our  beam 
ends  unless  we  used  another  precipitant.  We  then  got 
alumino  ferric.  We  got  very  good  results  from  alum(hio 
ferric. 

7826;  In  what  pnoportions  ? — ^The  average  for  the 
whole  of  last  year  grains  per  gallon  8'31. 

7826.  Per  gallon?— Per  gallon  a  year  before  that  a 
little  .less,  7-37. 

7827.  When  you  were  using  ferrozone  vou  were  using 
from  20  to  30  grains  per  gallon,  I  think  ?— That  is  so, 
yes  ;  but  I  think  I  ought  to  say  in  defence  of  ferrozone 
that  we  did  not  mix  our  precipitont  with  sewage  as 
well  as  we  mix  it  now.  We  happen  to  have  a  very 
good  man  as  manager  of  our  works,  a  very  ingenious 
man,  and  we  allow  the  sewage  to  ru£th  through  the 
holes  in  the  sides  of  our  mixer  instead  of  falling 
on  to  the  top  of  the  precipitont.  A  great  mis- 
take in  my  opinion  in  using  alumino  ferric  in  all  the 
different  works  is  that  it  is  placed  in  iron  cages  in  the 
bed  of  the  stream.  Now,  certain  portions  of  the  alu- 
mdno  ferric  are  softer  than  others,  the  consequence  is 
that  the  action  of  the  sewage  honeycombs  the  precipi- 
tont, and  then  ultimately  breaks  it  off.  We  were  doing 
the  same  thing  both  with  ferrozone  and  ferral,  and  one 
day  my  attention  was  called  to  the  fact  by  my  maioager 
that  the  bottom  of  one  of  our  precipitation  tonks  was 
covered  with  small  particles  of  precipitont,  varying  in 
size  from  the  head  of  a  pin  to  probably  as  large  as  a 
pin.  We  got  this  up,  and  we  found  it  was  the  pre- 
cipitant which  had  actually  been  broken  off.  This  ms 
the  time  when  we  were  using  from  20  to  30  grains, 
when  we  introduced  the  new  machine,  and  the  neiw 
precipitant  we  found  that  it  all  went  in  solution.  We 
had  none  on  the  bottom  of  our  tanks,  and  our  gvains 
per  gallon  dropped  to  the  figures  I  have  given  you. 

7808.  But  what  is  the  object  of  drying  it.  As  far  as 
I  understood  you  toke  the  deposit  aiii  grind  it? — Wellj 
we  have  not  started  yet. 

7629.  My  question  refers  to  what  you  were  goi<n{^  to 
do  ;  are  you  going  to  use  dry  precipi<tant  or  in  solution  f 
— ^Dry  precipitont. 

7830.  Why  dry  ?— As  a  mattor  of  fact  we  want  to 
use  it  the  same  as  the  other  precLpitonto.  They  have 
been  used  in  a  dry  condition. 

7831.  If  I  do  not  misunderstand  you  you  treat  the 
deposit  with  sulphuric  acid  and  water,  and  heat  it? — 
No,  it  boils  itself.  The  action  of  the  sulphuric  acid  is 
sufficient. 

7832.  Is  it  filtered  or    allowed    to    settle?— No,    it 
gravitotos    into    wells    prepared  to  receive  it;    it  is 
allowed  there  to  cool ;  when  it  is  cool  the  process  is 
ended,  and  we  rigged  up  an  arrangement  by  means 
of    which    we    could    undoutbtedly    have    saved   oon- 
siderable   ferroaone    itself,    but    still    it    was    much 
softor;      it     was     much     more    soluble     in     water, 
and  we   got  through  an   abnormal  quantity  of  it; 
we  got  through  from  20  to  30  grains  per  gallon,  and  we 
thought  that  it  was  costing  us  so  much  money  that  in 
the   interests  of  the   ratepayer  we   should  try  to  do 
better.    We  adopted  ferral,  and  we  got  quite  as  good 
resulte,   if  not  bettor  resulto,   and  we  use,   I  should 
think,  half  the  amount  of  precipitant.    I  take  it  that 
both  ferral  and  ferrozone  are  practically  the  same  thing, 
probably  cooked  a  little  bit  differently. 

7833.  Is  there  much  difference  in  the  cost?— Well, 
alumino  ferric  is  dearer  than  either  of  them.  We  paid 
about  406.  a  ton  as  far  as  I  can  rememiber  for  both 
ferroaone  and  ferral,  and  for  alumino  ferric  we  pay 
47s.  6d.,  and  we  do  not  get  any  bettor  resulto ;  we  get 
quito  as  good,  b«it  we  do  not  get  any  bettor.    The  pre- 
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Mr.       cipitant  we  are  going  to  make  oureelyea  is  practically 

AtdertMn   going  to  be  made  like  the  ferral  waa  made.    We  get 

inibert.     bauxite,  and  we  put  a  disintegrator  down,  and  we  grind 

—  '     it    Then  we  treat  it  with  sulphuric  acid  and  water  in 

6  Mar.  1901.  certain  proportiooia,  in  a  large  mixer  we  have  built,  and 

then  it  graritatea  into  two  wells  underneath  the  mixer, 

and  cools,  and  is  then  dug  out. 

7834.  Is  your  effluent  always  kept  up  to  the  same 
standard? — ^Well,  the  Bibble  Wiatershed  Committee 
consider  that  *1  per  100,000  parts  is  good ;  our  average, 
as  I  have  already  pointed  out,  has  been  considerably 
under  that. 

7835.  (professor  Bamsay.)  Then  you  do  not  dry  your 
precipitant  at  all ;  you  use  it  as  a  solution,  I  daresay  ? 
— ^No,  we  do  not  use  it  as  a  solution  at  all ;  we  use  it  a^ 
a  dry  precipitant,  but  we  put  it  in  two  rotary  screens 
that  we  onginally  got  on  tne  works  to  wash  our  sand. 
These  screens  move  in  an  opposite  direction ;  they  are 
perforated  with  small  holes.  Our  precipitant  is  a  solid 
mass  ;   it  is  out  out. 

7836.  Then  I  want  to  ask  Mr.  Hibbert  About  the 
utilisation  of  the  sludge.  You  are  at  present  lightinf^ 
up  a  portion  of  your  sewage  works  with  gas  made  from 
the  sludge? — Yes,  we  are  lighting  up  the  offices,  and 
we  are  lighting  up  the  building  we  put  up  for  the  pur- 
pose of  making  liie  precipitant.  As  a  matter  of  fact, 
the  joiners  working  in  this  place  have  worked  two  hours 
every  morning  and  two  hours  every  evening  by  the 
light  of  the  gas  made  from  our  sludge  during  the  whole 
of  this  winter. 

7837.  How  is  that  sludge  dried,  is  it  pressed?— It  is 
pressed  of  course  in  the  first  instance,  then  we  have 
taken  the  cakes  out  bodily,  and  placed  them  on  the 
top  of  the  boiler,  where  we  generate  steam,  and  we 
have  reduced  the  percentage  of  water,  whioh  in  the  be. 
ginning  would  be  probably  about  50,  down  to  2^,  or 
considerably  less  than  the  amount  of  moisture  in  coal. 
This  we  have  carbonised  this  dried  sludge  in  exactly 
the  same  manner  that  we  should  carbonise  coal. 

7808.  EDave  you  a  gasometer  to  store  the  gas  as 
usual? — Oh,  ves,  we  borrowed  from  the  gas  works  a 
small  gas-making  plant,  which  they  used  for  testing 
coal,  and  we  put  it  up  in  the  sewage  works,  and  made 
a  series  of  tests.  I  can  give  you  the  tests  if  you  wish 
to  have  them^ 

7839.  tit  would  be  very  interesting  to  have  them? — 
Roundly  we  made  34  tests  of  21bs.  each ;  of  course  the 
retort  we  had  to  use  was  a  very  sm*aill  one.  We  made 
34  tests  of  dry  sludge,  and  the  average  was  7029  feet  per 
ton.  The  illuminating  power  was  tested  at  the  gas 
works,  and  the  gas  manager  reported  that  it  was  20 
candle  power.  The  tar  and  ammc^iacal  liquor  com- 
bined were  5601  bs.  of  liquor  to  the  ton.  We  have  also 
tested  the  liquor,  and  we  have  made  sulphate  of 
ammonia  out  of  it. 

7840.  You  do  not  know  the  liomt  of  suljdiate  of 
ammonia  yet  I  suppose?— I  cannot  tell  you,  but  the 
chemist  who  examined  the  sasmple  for  me  told  me  that 
the  quantity  of  ammoniaoal  water  from  this  sludge  was 
slightly  better  than  that  from  coal. 

7841.  And  in  this  installation,  do  ^ou  do  anything 
with  the  residue? — "No,  we  have  experimented  in  miany 
directions  with  regard  to  the  ash  or  coke.  We  have  tried 
to  niake  cement  of  it,  we  hai  e  tried  to  use  it  for  manure, 
we  have  tried  to  use  it  for  mortar,  but,  although  we  find 
there  is  about  2J^  per  cent,  alumina  in  it,  we  have  not 
found  out  any  ueeful  puipoee  to  whidi  it  can  'be  put.  At 
the  present  moment  we  throw  this  coke  or  asn  on  the 
bauxite  on  the  store  of  bauxite,  and  grind  it  up  with  the 
bauxite. 

7842.  Does  it  burn  ?— No. 

7843.  The  residue  in  the  retort  would  not  bum  ? — I  do 
not  thdnk  so. 

7844.  It  does  not  contain  coke? — I  do  not  think 
so. 

7845.  (Sir  Michael  Foster,)  What  is  the  composition  of 
it  ? — You  say  there  is  a  small  quantity  of  alumina^  what 
is  the  rest  i-—!  could  not  tell  you,  sir ;  though  l  could 
get  the  information  for  you  easily.  I  mean  to  say,  I 
cannot  remember  it. 

7846.  (Professor  Ramsay,)  Is  it  your  opinion  that  it 
would  compete  with  gas  nuule  from  coals?  Of  course 
the  material  costs  notHing,  but  is  there  any  objection  to 
using  it  in  that  way  ?  Does  the  drying  it  and  handling 
it  involve  great  expense,  and  buying  coal  ? — ^I  think  with 
ooal  at  the  present  price — ^15s.  6d.  per  ton  for  carbonisoig 
purposes,  we  could,  undoubtedly,  use  all  the  sludge  made 


at  the  sefwage  works  with  very  great  advantage  to  the 
zstepayers ;  whether  t^t  would  be  the  case  when  ooaL 
got  aown  to  7s.  6d.  i>er  ton,  I  should  not  like  to  say. 

7847.  (Colonel  Harding,)  Have  you  made  an  estimate 
of  the  cost  of  the  gas  that  you  produce  ?— -We  have  not. 
Our  Corporation  are  buying  a  new  experimental  plant, 
for  testing  deliveries  of  coal.  We  ab^iX  be  &bie  then  to 
store  10,000  or  20,000  feet.  W  hen  we  can  do  that,  we 
shall  go  into  the  estimates,  but  we  find  this,  that, 
owing  to  its  possessing  'less  moisture  than  coal — 
this  is  the  dry  sludge,  and  it  has  cost  us  nothing  to  dry — 
it  has  cost  us  less  for  carbonising. 

7848.  (Frofessor  Bamsay,)  I  suppose  it  is  quite  value- 
less as  manure  ? — No,  it  is  not.  At  this  present  moment, 
although  we  are  makng  over  7  tons  10  owt.  per  day  of 
dxy  siudge,  that  is  sludge  out  of  which  the  9u  per  cent. 
of  water  has  been,  extracted ;  although  we  are  making 
that  I  do  not  suppose  there  is  a  ton  of  sludge  on  the- 
Ohorley  works  at  the  present  moment.  Tiie  faxmeia 
take  it  awaiy.  They  pay  us  9d.  for  a  one-horse  load,  and 
Is.  for  a  two-horse  load.  For  two  years  after  the  works 
•were  started,  th^at  is  up  to  October,  1897,  we  gave  this 
sludge  to  the  farmers  ;  we  onl^  decided  to  ohaige  for  it 
wh«n  we  found  it  possible  to  pick  out  the  fields  that  had 
been  manured  witn  it.  There  was  no  boyooitt  as  in  the 
Burnley  district ;  thev  immediately  came  for  it,  and  they 
paid  for  it,  and  we  have  not  a  ton  on  the  place,  as  I 
have  said. 

7849.  Then  what  is  the  position  of  the  sludge  that  is 
used  for  manure  and  the  sludge  which  is  used  for  gaa 
making? — ^We  use  such  homoeopathic  quantities  for  gs& 
making  that  it  does  not  count. 

7850.  But,  supposing  it  were  suggested  tliat  this  sub- 
stance might  be  used  instead  of  coal  for  making  gas? — 
We  should  undoubtedly  use  it  for  gas  making. 

7851.  As  being  more  profitaible  ? — ^Undoubtedly,  I  think  . 
we  could  tiy  it  at  a  very  small  expense ;  in  fact,  taking 
the  cakes  out  of  the  sludge  presses  and  simply  standilng 
them  on  end  in  t^e  sludge  press  house  in  a  week  takes 
20  per  cent,  of  moisture  out  of  them  without  any  attempt 
to  dry  it,  and  I  think  it  would  be  quite  possiible  to  utilise 
the  heat  from  the  chimney  flue  to  effect  the  etvapora- 
tion  of  the  water  at  no  expense  at  all  except  the  hand- 
ling  of  it  In  0act,  we  have  just  got  »  new  gas. 
manager,  and  he  looks  with  very  great  favour  upon 
the  utilisation  of  sihidge  for  gas  making  puxx>oses,  and 
is  going  to  conduct  a  series  of  experiments  hiinseli 

7852.  If  you  can  get  20-candile  gas  out  of  it,  it  is  a  great 
improvement  on  ordinary  coal,  whichi  only  gives  14  per 
cent.  ?— Weil,  up  to  quite  recently,  our  gas  manager  was- 
tied  to  m«ike  21-candile  gas. 

7853.  He  could  not  get  it  from  ordinary  coal  ? — ^No,  he 
had  to  make  it  from  Cannel  coal ;  but  the  gas  we  are 
making  at  the  Chorley  Sewage  Works  is  'better  than  at 
the  gasworks,  whdoh  has  dropped  its  standard  now  to 
about  18  or  19. 

7854.  (CJiairman,)  When  you  say  the  farmers  take  it,, 
that  is  the  mcost  sludge  without  your  drying  it  at  all  ? — 
I  think  the  moist  sludge  would  contain  about  50  per- 
cent of  moisture.     The  farmers  take  it  that  way. 

7855.  Take  it  in  its  moist  condition  ? — ^Yes. 

7856.  (Colonel  Harding.)  As  sludge,  or  as  cake?— As 
cake,  yes. 

7857.  You  do  not  use  the  sludge  with  iiie  90  per  oent^ 
m  it;  you  use  the  pressed  cake?— The  pressed  cake, 
which  we  dry. 

7858.  (Chairman,)  "Do  you  consider  the  precipitant 
that  you  use  improves  the  quality  of  vour  sludge ;  that 
it  makes  it  more  suitable  for  making  gas  at  Chorley  1— 
I  am  not  a  chemist,  but  I  should  not  tbink  so. 

7859.  You  should  not?— Ko,  I  should  not.  I  think 
if  you  could  ffet  sludge  without  using  precipitant  at  all 
that  that  sluqge  would  be  wortht  infinitely  more  for  gas 
making.  In  luce  manner,  if  you  could  press  sludge  with- 
out using  lime  it  would  be  worth  infinitely  more  for- 
manure. 

7860-  (Professor  Bamsay,)  Does  the  compressed 
sludge  ever  putrefy  and  go  bad?  Does  it  make  a 
nuisance  ? — No,  not  at  all.  As  a  matter  of  fact,  we  have 
little  opportunity  for  determining  that,  becaixse  it  is 
take-i  away  every  day  ;  but  w©  do  store  some  200  tons 
of  this  sludge  for  our  own  Corporation  farm.  Our  own 
farmer  uses  it,  and  uses  it  to  very  great  advantage,  and 
he  prsf ers  to  have  it  a  year  old.  It  then  falls,  and  it  is 
very  much  in  the  nature  of  loaan.  Woll,  when  you  die 
into  it,  it  is  very  warm,  and  it  does  give  off  smell  un- 
doubtedly ;  but  when  the  sludge  is  standing  it  is  un- 
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«doiiiytedly  sealed  ;  libe  outer  ooveriiiff  ot  the  sludge  seeoui 
Xo  keep  in  all  th^e  aanmonia  w*hich  otnerwise  would  oeci^ 
-and  oauee  a  nuisance. 

7861.  (Sir  Michad  Foster.)  I  gather  that  you  wash 
jrour  filters  really  because  they  get  choked  ? — ^l^hot  is  so. 

7862.  Do  I  understand  that  the  fUtiaite  improyes  right 
up  to  the  time  that  you  clean? — Tha^  is  so. 

7863.  So  that  if  you  did  not  clean  you  would  probacy 
.get  a  atill  (better  efiluent  if  you  were  not  obtiged  to  clean  ? 

— ^You  would  get  none  at  all. 

7864.  If  you  were  not  obliged  to  clean  you  would 

j^TohMj  get  a  better  effluent  9— Undoubtedi^  the  kwt 

4rop  1]hat  you  get  would  be  the  ibest  effluent,  but  it  would 

be  drops.     We  are  obliged  to  dean  the  filters,  otherwiae 

they  choke. 

7866.  I  foiget  whether  you  have  made  observationfl 

with    anything    besides     the    polarite  or  mtfaout  the 

.polarlte,  I  mean? — ^Yes,  I  have  experimented  with  coke 

breeze,  with  coke,  and  with  gravel,    at    any    rate    for 

jnonth«  at  a  tim/e. 

7866.  And  you  hare  come  to  the  conclusiofli  that  the 
jMikrite  is  much  preferable  ?— Well,  I  ihlaye  come  to  tho 
-oonclusion  that  no  works  in  Lancaflhire,  and  I  only  speak 

for  lancaahire,  are  getting  the  same  results  that  we  are 
getting.  II  they  were,  we  should  copy  them  and  alter 
our  own  system. 

7867.  Yes  ;  but  that  is  your  system  as  a  whole?— Our 
system  as  a  whole. 

7868.  (Frofessar  JBanua]^)  Is  it  not  apecially  depen- 
dent on  good  management ;  have  you  not  been  more  than 

usually  fortunate  in  hA*rlng  competent  managers? — We 
have  only  had  cne  manager,  undoubtedly  a  very  clever 
man.  He  started  in  Burmah,  and  has  had  a  most  varied 
'Career,  but  he  is  undoulbtedly  the  best  manager  I  have 
ever  come  across.  There  is  not  one  single  p^ece  of  ma- 
•chinery  on  our  works  which  that  man  cannot  take  to 
pieces  and  repair,  too. 

7869.  {Colonel  Hiirdmg.)  How  for  are  the  resulta  you 
have  obtained  due  to  the  use  of  polaiate  in  your  filteiB? 
— ^Well,  that  is  harddy  a  question  I  can  answer.  I  started 
hy  telling  you  that  I  was  not  a  chemist^  but  I  was  simply 
a  commercial  man.  I  have  made  a  veiy  great  study  of 
tlhis  questioQ  for  the  last  ten  years  ;  I  have  made  a  great 
hobby  of  it. 

7870.  Have  you  tried  your  filters  with  and  without 
►|K>laiite? — ^We  have  not  tried  existing  filters  with  and 
without  polarite,  because  they  were  la>id  down  five  years 
ago,  ana  they  have  been  more  eatisfootory  than  any 
filters  I  know.  I  haive  experimented  myself  with  coke 
ior  the  last  few  months  because  it  was  becoming  nece»- 
isary  that  we  should  duplicate  our  filters,  owing  to  the  in- 

><$r0ase  in  our  flow,  which  five  years  ago  was  only  750,000 
gallons,  including  storm  water. 

7871.  Is  your  present  impression  that  pdaiite  is  dis- 
tinctly usefu<l ;  but  would  not  other  filtermg  material  of 
the  same  size  ? — My  imipreesion  is  this,  that  taking  into 

-consideration  the  cost  of  makuip;  a  filter  and  the  quantity 
of  waiter  it  will  turn  out  of  a  sotisfactoiy  character  that  no 
filter  in  exiatence,  or  no  filter,  so  far  as  I  have  seen,  can 

•compete  with  the  polarite  fiker.  Speaking  of  other  filters, 
take,  for  inataDce,  the  first  and  second  contcu>t  beds  at 
Burnley.  TIhe  Burnley  people  are  doing  undoulbtedly  a 
Tery  good  work.  I  find  that  their  average  analyses  for 
kiat  year  is  only  la  little  under  that  of  Ohorley.  It  is 
•0844  against  Charley,  -0775,  whilst  the  stondaid  of  purity 

^•called  good  by  my  watershed  committee  is  '1,  so  that 
here  you  hove  a  system  working  on  distinctly  different 
lines  to  Ohorley,  and  yet  producing,  comparatLvely 
speaking,  quite  as  good  a  result.  Well,  that  makea  it 
difficult  to  answer  tihe  question  you  have  asked  me,  and 
I  can  only  add  to  what  I  have  already  said  this,  that  the 
cost  of  making  the  Burniley  first  and  second  coivtact  beds, 
without  any  regaid  to  Iftio  foot  that  they  wil  probably 
lianre  to  be  renewed,  for  they  are  filling  up,  would  be 
greater  for  filling  with  a  specified  quantity  of  gallons 
than  the  cost  of  making  a  Ohorley  filter  to  deal  with  the 
same  amount. 

7872.  (Sir  Michctel  Foster.)  You  said  you  have  made 
experiments  with  coke  ?— Yes. 

7873.  But  does  that  mean  that  you  have  constructed 
filters  like  your  filters  at  Ohorley,  putting  coke  where 
you  have  put  polarite  ?— No  ;  I  have  not  done  that. 

7874.  You  have  not  done  that?— I  have  made  filters 
•consisting  or  composed  of  3  feet  of  coke  like  the  Burnley 
•coke,  only  that  the  Burnley  coke  are  made  of  engine 

-ashes  and  the  Ohorley  experimental  filter  was  made  of 

•«oke. 


7875.  But  you  have  constructed  no  filters  in  which       Mr, 
you  have  substituted  for  polarite  some  other  material  ?  ^t^rman 
— Tes,  we  have ;  we  have  constructed  three  filters  m    uiibert, 
which  we  substituted  magnetite  instead  of  polarite.    We       —  ' 
did  not  get  ae  good  results  becauise  I  did  not  consider  ^  Mar,  iqql 
the  magnetite  was  well  gradied,  but  the  result  was  well 

within  the  standard  required  by  our  Watershed  Ooui' 
mittee  from  the  magnetite  filters. 

7876.  (CJiaimum,)  Do  you  know  the  proportions  of  the 
polarite  and  the  send?  I  see  you  say  "the  next  12 
inches  are  polarite  and  sand  mixed  "  ? — Our  top  layer  of 
our  filters  is  8  inches  of  sand,  and  beneath  that  we  have, 
so  far  as  I  can  remember,  about  12  inches  of  polarite 
and  sand  mixed  together. 

7877.  And  do  you  know  of  that  polarite  and  sand 
mixed  together  about  how  much  is  polarite  and  how 
much  is  sand? — About  thre  parts  of  polarite  to  two  of 
sand. 

7878.  (Dr,  Russell.)  I  noticed  you  said  magnetite  was 
not  well  graded,  was  that  with  reference  to  the  size  of  the 
particles  ? — That  is  so.  That  is  my  own  impression  and 
that  of  my  manager  was  this  that  if  the  magnetite  had 
been  supplied,  screened  as  well,  and  of  similarly  sized 
particles  to  that  of  polarite  we  ought  to  have  got  as  good 
a  result. 

7879.  Probably ;  I  did  not  see  a  sample  of  polarite, 
or  if  I  did  at  CS^orley  I  do  not  remember  its  physical 
appearance.  What  sized  particles  would  they  be  ;  they 
would  be  larger  than  sand  of  course  ? — Oh,  yes  ;  I 
should  think  on  an  average  about  a  quarter  of  an  inch 
cube,  an  irregularly  shaped  figure,  of  course,  but  it 
approximates  as  closely  as  I  can  think  of  anything  to  a 
quarter-inch  cube. 

7880.  So  that  the  onixture  of  the  sand  o^nd  polarite 
forme  a  stage  in  an  increasing  grade  from  sand  at  the 
top  to  small  boulders  of  from  two  to  three  inches  at 
the  bottom? — ^That  is  so;  it  undoubtedly  acts  as  a 
mechanical  filter.  I  do  not  know  what  other  effect 
it  may  have.  C^  course,  the  polarite  people  told  us 
that  it  contained'  an  abnormal  quantity  of  oxygen, 
and  as  we  were  then  working  under  continuous  flow, 
our  results  were  getting  worse  every  day.  I  said  to 
my  vice-chairman  that  it  must  contain  an  enormous 
quantity  of  oxygen  if  it  will  continue  giving  it  off 
hour  after  hour  without  being  exikausted,  and  we  came 
to  the  conclusion  that  was  not  the  case,  and  that  is  the 
reason  we  adopted  intermittent  flow,  of  which  we  had 
never  heard  until  that  moment 

7881.  And  you  came  evidently  to  the  practical  opinion 
that  the  mechanical  condition  of  the  filter  dependent 
upon  the  size  of  the  particles  of  this  magnetite  or 
polarite  or  whatever  else  you  use  is  the  important  ele- 
ment ? — Undoubtedly. 

7882.  (Mr.  KiUick.)  You  are  a  member  of  the  Ribble 
Joint  Oommittee? — ^Yes. 

7883.  Would  you  mind  answering  one  or  two  questions 
with  regard  to  the  committee  ? — If  I  can,  with  pleasure. 

7884.  Have  you  been  a  member  from  the  beginning? 
— No ;  I  think  I  have  been  a  member  six  years. 

7885.  Have  you  reason  io  believe  that  the  work  of 
the  purification  of  the  Bibble  has  been  improved  by  the 
action  of  the  committee  ?— ^Well,  I  should  think  it  must 
have  been  improved.  It  is  very  singular  yon  should  ask 
me  that  question  because  only  yesterday  I  was  talking 
to  a  friend,  and  he  said,  "Well,  we  are  spending  an 
enormous  amount  of  money  in  our  Oorporatione  on 
works  in  improving  the  rivers  (confining  myself  to  lian- 
cashire),  yet  the  flow  of  the  Ribble  does  not  seem  to 
be  in-  very  much  l)ebter  condition."  I  answered  him, 
as  I  answer  you  now,  that  an  enormous  amount  of 
purification  must  have  been  effected.  Of  couree,  I 
might  go  further,  and  say  this  that  there  are  very  few 
works  in  Lancashire  which  are  dealing  with  half  their 
flow. 

7886.  There  are  more  purification  works  on  the  river 
now  than  there  were  before  the  formation  of  that 
comimittee  ? — ^Undoubtedly. 

7887.  Then  you  think  the  formatuon  of  that  oonu 
mittee  has  been  a  good  thing--I  do;  I  think  it  has 
been  a  very  wise  step. 

7868.  And  have  you  ever  thought  of  the  question 
as  to  whether  the  formatdon  of  the  watershed  or 
Bivers  Oommittees  should  be  made  compulsory  instead 
of  optional  as  at  present^— I  think  it  ought  to  be  made 
compulsoiy. 

7889.  On  the  question  of  standards  do  you  think  it 
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Mr.        is  advisable  to  begin  the  work  of  puriftcation  on  Uie 
'^^h"p*^^   watersheds  with  a  atandard? — I  think  it  would  be  wise 
Siibert.    to  give  a  standard  in  Lancashire,  I  speak  for  Lanca- 
—        shire  only ;  I  think  it  would  be  wise  to  £lx  a  standard 
6  Mm*.  1901.  'jj  Lancashire,  I  think  it  would  be  equially  wise  for 
bo<th  watershed  oonnoni'ttees  to  work  to  the  same  stan- 
dard. 

7890.  Wh«t  do  you  think  that  standard  should  be? — 
I  should  be  quite  willing  to  adopt  the  present  standard. 

7691.  Aind  you  would  make  that  apply  to  all  works 
wherever  situated  on  the  river  ?-~I  shouM  make  it  apply 
to  all  mundoipalities. 

7892.  Aill  munioipalifties  ?--0f  course,  you  get  into 
very  much  bioader  queebions  when  you  get  to  dealing 
with  the  works. 

7893.  I  moan  sewage  works.  I  do  not  mean  manu- 
facturers' works.  You  would  take  the  same  standard 
for  all  1 — ^I  should  ;  I  should  take  the  same  standard 
undoubtedly  to  start  with.  It  might  be  necessary 
afiterwards,  say  in  cases  like  Bochdale,  where  they 
have  to  deal  with  an  enormous  quantity  of  wool  scour* 
ings,  to  slightly  enlarge  the  standard,  because  their 
difficulties  are  undoubtedly  greater  than  they  are  at  a 
place  like  Chorley,  where  we  only  deal  with  domestic 
sewage. 

7894.  But  an  exoepbion  of  tliat  kind  might  be  left 
safely  to  a  ooonimittee  which  represented  the  Bayers 
Board  ? — Undoubtedly. 

7895.  {Colonel  Harding,)  First,  a  question  on  the 
points  raised  by  Mr.  KiJlick.  You  expressed,  I  think, 
a  bitter  disappointment,  or  at  leiaet  surprise,  that 
although  something  was  being  done  in  Lancashire  in 
the  way  of  sewage  treatment,  there  was  no  very  evi- 
dent improvement  in  the  oondfltioin  of  the  rivers,  did  you 
not  1 — Oh,  no ;  I  did  not  say  that.  I  said  a  friend  of 
mine  had  told  me  that  he  did  not  think  there  was  much 
improvement.  I  said  there  muert;  be  improvement  ac- 
cording to  my  own  observations. 

7696.  You  assume  that  there  must  neoeesarily  be  inu 
provement,  more  things  being  done?— Oh,  there  is 
bound  to  be. 

7897.  I  wish  to  remind  you  that  the  population  of 
Lancashire  is  being  largely  developed,  is  it  not  ?— Yes. 

789&  And  the  industries  of  lianoashire  alflo?--Yes. 

7899.  And  probably  if  it  had  not  been  what  has  been 
done  by  your  board  in  ooanpelling  some  purification  the 
condition  of  things  would  have  been  not  the  same,  but 
infin.toly  worse;  and  therefore  if  it  is  not  worse,  the 
fact  that  it  is  not  worse,  notwithstanding  the  increase 
of  population  and  industry,  may  be  considered  to  be 
due  to  the  efforts  of  your  board.  I  want  to  press  thatt 
— i  think  it  is  impossible  to  conceive  what  would  have 
been  the  condition  of  the  rivers  in  Lancashire  if  it  had 
not  been  for  the  action  of  the  two  Eiivers  Boards,  which 
have  worked  all  along  not  to  hariy  nuaniifiaoturers  into 
doing  this   but  to  try  and  persuade  them. 

7900.  But  what  is  being  done  is  nothing  to  what  mnst 
necessarily  be  done ;  ultimately  a  further  improvement 
must  neoessarily  follow? — ^Further  improvement  will 
undoubtedly  take  place,  because  a  great  many  of  the 
governing  authorities  in  Lancashire  are  wiaoitdng  for  the 
decision  of  this  Court,  and  I  think  very  naturally  so, 
too. 

7901.  You  sugj^est  to  us,  I  suppose,  that  the  interest 
of  your  installation  at  Ohorley  lies  in  this,  that  it  may 
be  looked  upon  as  a  model  instance  of  chemical  treat- 
ment of  sewage,  followed  by  filtration  ?— Of  course  it  is 
any  own  works,  and  I  hardly  like  to  put  it  so  strongly 
as  that.  I  can  only  say  this,  that  on  the  average  of  the 
last  three  years  the  Oborley  sewiage  works  are  at  the 
top  of  the  districts  in  my  own  watershed,  purifying 
their  sewage,  and  that  fact,  of  course,  speaks  for  itself. 

7908.  But  you  do  not  know  of  a  better  example  of 
chemical  treatment  than  yours  at  Chorley? — I  do  not 
know  it. 

7903.  You  do  suggest  to  us  that  we  miay  look  upon  it 
■as  a  sort  of  model  instance  of  chemical  treatment? — 
Well,  I  think  you  perhaps  might. 

7904.  I  do  not  in  the  least  suggest  it  is  not  so.  I 
merely  make  that  point  in  pjaesing.  Well,  now  you  are 
aiming  there,  in  the  first  instance,  at  the  most  com- 
plete and  thorough  settlement  of  the  suspended  solids  ? 
—Yes.  Well,  we  will  take  the  1*8  and  leave  the  '89 
out. 

7905.  1*8  is  very  considerably  in  excess  of  the  statb- 
ment  you  have  given  us.  You  have  triven  us  here  -8 
the  sewage  ?—Tliat  is  albuminoid  nitrogen,  not  albu- 


minoid ammonia.     I  reduce  my  albuminoid  ammonia  to 
terms  of  albuminoid  nitrogen. 

7906.  (Profestfor  Bamsay.)  There  is  not   very   much 
difference;  it  is  only  tho   proportion  of  14  to  17?— 
14-17ths,   so  that  you  have  taken  as  14-17th8  of  our 
albuminoid  ammonia,  which  will  bring  it  to  *9,  a  little- 
over  perhaps. 

7907.  (Colond  Harding.)  That  is  materially  different 
from  1*87 — Yes,  the  organic  ammonia  in  this  sample 
was  1*8  in  te  raw  sewage,  the  tank  effluent  from  the^ 
same  was  *22,  so  that  1*8  was  reduced  to  '22. 

7907*.  By  the  settlement  of  suspended  solids  ?—  That 
is  so,  yes. 

7908.  (Professor  Bamsay.)  After  treatment  with  alu- 
mino  ferric  ? — That  precipitant,  yes. 

7909.  (Colond  Harding.)  By  chemical  settlements- 
Yes,  and  the  same  going  through  the  filters  was  '072 
parts  per  100,000. 

7910.  Then  have  you  any  data  as  to  the  suspended 
solid ^  in  the  effluent? — ^In  the  final  effluent? 

7911.  No  ;  the  effluent  before  it  goes  on  to  your  filter  ? 
— ISoy  there  are  very  few. 

7912.  It  would  be  practically  clear  ?— Practically-  - 
milky. 

7913.  So  that  by  quiescent  settlement  you  suggest  to- 
ns that  sewage  may  be  with  suitable  precipitants  abso-^ 
lutely  settled? — That  is  so. 

7914.  And,  therefore,  the  subsequent  filtration  would 
be  immensely  assisted  ? — Undoubtedly. 

7915.  And  the  danger  of  choking  filters  very  greatly 
reduced? — That  is  so. 

7916.  And  with  an  effluent  almost  completely  free 
from  suspended  solids  you  are  able  to  filter  through  a 
fine  material  like  sand  ? — Yes. 

7917.  And  you  have  moved  from  continuous  to  qxiies- 
cent  settlement  for  the  purpose  of  accomplishing  that? 
Well,  we  have  always  had  quiescent  settlement. 

7918.  I  believe  you  told  us  that  you  had  experi- 
mented with  continuous  settlement  ? — I  did. 

7919.  And  because  you  did  not  get  such  good  results,. 
I  suppose  more  suspended  solids  came  out,  you  re- 
turned to  quiescent  settlement? — As  a  matter  of  fact^ 
our  filter  was  choked.  I  do  not  say  for  one  moment 
that  continuous  flow  will  not  do  for  a  bacteriological 
filter  where  the  sludge  is  allowed  to  walk  over. 

7920.  What  I  want  to  obtain  is,  where  a  settlement 
of  suspended  solids  is  possible  your  experience  goes  to- 
show  that  quiescent    settlement  is  superior    to  con- 
tinuous flow? — I  am  absolutely  certain. 

7921.  Can  you  tell  us  any  results,  for  instance,  of 
the  amount  of  suspended  solids  coming  out  in  your- 
effluents  from  the  quiescent  settlement? — I  should  like- 
to  give  you  Dr.  Thresh's  analyses  ;  that  will  answer  the 
question.  In  one  analysis,  and  I  may  say  also  that 
these  samples  were  very  thoroughly  taken ;  that  is, 
the  same  sewage  appears  through  all,  in  other  words, 
a  tank  was  filled,  the  same  tank  was  allowed  to  precipi- 
tate and  the  same  tank  was  filtered. 

7922.  Well,  can  you  give  us  the  figures  ? — The  organic 
ammonia  in  two  samples,  one  taken  at  1  p.m.  and  the 
other  at  2. 

7923.  Crude  sewage? — Crude  sewage  was  in  one  case 
1*8  albuminoid  ammonia  and  in  the  second  one  8*96. 
Now  this  was  occasioned,  of  course,  by  the  emptying 
of  the  pails.    We  are  now  changing  from  the  pail  to- 
the  water-carriage  system,  it  was  occasioned  by  the- 
emptying  of  the  pails  into  the  eewage. 

7924.  But  that  is  a  very  exceptional  condition,  is  it 
not? — Well,  of  course,  this  occurs  every  day,  but  only 
for  a  limited  period. 

7925.  Cannot  you  give  us  something  which  will  be- 
more  typical  of  general  conditions  ? — With  continuous 
flow  it  would  be  impossible  to  use  the  sand  filter,  abso- 
lutely impossible. 

7926.  And  I  think  you  have  recognised  that  that  im 
possibilitj'  is  due  to  the  necessity  for  aeration? — Un- 
doubtedly. 

7927.  Which  you  obtain  by  intermittent  flow?— With- 
out aeration  it  would  be  impossible  to  get  our  sample. 

7928.  And  I  think  you  have  expressed  in  answer  to- 
a  question  by  Professor  Ramsay  that  that  was  probaui\;> 
a  bacteiial  result? — Very  likely. 


MINUTES  OF  EVIDENCE. 


425 


7929.  Then  the  point  comes,  which  is  that  by 
thorough  precipitation  by  quiescent  settlement  and  by 
suitable  precipitants  you  are  able  to  use  a  fine  filter? — 
Yes. 

7930.  And  you  are  enabled  to  tell  us  how  far  polarite 
as  such  has  any  value ;  you  have  not  as  yet  tested  a 
layer  of  material  similar  in  grain  to  the  polarite  you 
use  so  as  to  be  able  to  tell  whether  polarite  as  such  has 
any  value  over,  say,  clinker  under  precisely  the  same 
circumstances? — ^Well,  we  have  had  coke  and  mag- 
netite ;  I  think  I  answered  the  question  only  magnetite. 

7931.  But  in  regard  to  magnetite  you  believe  mag- 
netite would  have  given  the  same  results  if  the  same 
sized  material  had  been  used? — Tes. 

7932.  Do  you  think  with  clinker  again  in  the  same 
way  you  wotdd  get  the  same  results  ? — ^No,  we  tried  it ; 
we  cannot  get  &e  same  results. 

7933.  The  same  result  cannot  be  obtained  ? — I  do  not 
think  there  is  the  same  purification  through  clinker  or 
coke  as  through  polarite ;  I  do  not  think  the  particles 
are  fine  enough.  It  is  undoubtedly  mechanical  filtra- 
tion. 

7934.  If  clinker  was  of  the  same  size  as  the  polarite 
that  you  use  do  you  exx)ect  that  you  would  get  different 
results  than  from  polarite? — ^Yes.  I  do  not  think  I 
would  get  so  good ;  it  is  more  porous. 

7935.  Do  you  attribute  that  to  the  porosity  of 
polarite  ? — Yes. 

7986.  You  suggest  that  the  action  is  due  to  the 
poroeity  of  the  polarite,  and  that  the  liquor  paaaes 
through  the  body  of  each  particular  piece? — ^No,  I  do 
not 

7937.  If  not,  what  is  the  use  of  its  porosity? — I 
know,  as  a  matter  of  fact,  that  pol^irite  will  filter  water  ; 
I  have  tried  it.  I  have  taken  large  pieces  of  polarite 
and  cut  into  them,  and  put  water  into  them,  and  fil- 
tered water  through  them.  It  will  do  that,  but  I  cer- 
tainly should  not  contend  that  any  but  a  very  small 
quantity  of  the  water  does  pass  through  the  polarite. 

7938.  Then  you  say  that  porosity  of  the  polarity 
effects  its  utility  as  a  filter  as  compared  with  clinker 
of  the  same  size? — Well,  you  see  a  polarite  filter  is 
made  up  of  sand  and  polarite. 

7939.  Assume  that  where  you  have  polarite  vou  put 
clinker  of  the  same  size  as  polarite  and  keep  the  sand 
exactly  the  same? — Of  course,  I  cannot  express  any 
chemical  opinion  on  the  matter,  but  in  aU  the  experi- 
ments that  I  have  conducted  with  cinder  or  with  clinker 
or  engine  ash  I  have  never  been  able  to  get  the  same 
results. 

7940.  But  you  have  not  tried  them  with  the  same 
conditions? — We  certainly  have  not  tried  clinker  or 
cinders  with  sand,  but  we  have  tried  them  in  other 
forms.  I  will  put  it  in  another  way.  I  think  you  will 
get  a  more  rapid  filtration  through  sand  and  clinker 
than  you  would  through  sand  and  polarite. 

7941.  Of  the  same  size? — ^Yes,  undoubtedly. 

7942.  Why? — Because  only  a  veir  email  percentage 
of  the  effluent  weot  throtigb  iihe  polarite,  it  would  un- 
doubtedliy  go  through  the  send ;  but  if  you  had  clinker 
or  dnders  in  place  of  the  polarite  you  would  have  more 
of  the  effluent  going  through  the  cinder  than  ^u  would 
through  the  sand.  It  would  filter  more  rapidly  than 
through  the  sand ;  therefore,  your  filter  would  become 
infinitely  quicker. 

7943.  We  arc  speaking  now  of  clinker  versus  polarite, 
I  ani  assuming  thtat  you  use  the  sand  in  exactly  the  same 
vray  with  olinker  of  the  same  size  as  the  polarite.  Would 
you  not  then  get  the  samie  results? — ^No,  for  the  reason 
I  have  just  explained,  that  the  filter  would  work  too 
rapidly. 

7944.  Why  too  rapidly ;  size  of  the  clinker  the  same 
size  as  the  pobfrite,  the  same  aand  above  it? — Because 
the  cBnker  would  filter  quicker  than  the  polarite.  If 
you  had  two  separate  tanks,  and  filled  one  with  polarite 
and  the  other  wit^  clinker  exactly  the  same  size,  this 
would  ibe  eanptied  in  one  tenth  of  the  time  that  would. 

7945.  Oan  you  sugigest  to  us  why  ? — I  cannot,  I  would 
leave  that  to  scientiBts  to  determine.  Undoubtedly 
there  is  aometiring  in  the  action  of  polarite  on  the 
sewage;  wlhat  it  is  I  do  not  know.  I  do  not  hoUeve 
it  arises  from  an  albnormol  quantity  of  oxygen,  out  ik 
ar'ses  from  eomeithuig. 

7946.  Anyway  you  cannot  explain  it? — ^I  cannot  ex- 
pjladn  it. 
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7946*.  {Sir  Mich<id  Foiier,)  Does   any    change    take        Mr. 
plaoe  in  the  polarite  after  it  haa  been  at  work  for  a    ^'Jf'^'* 
long  timo?— When  we  had  work9d  our  filters  five  years     ^i^. 
last  October  we  had  occasion  to  take  up  one  of  our  filters       — 
in  order  to  lead  the  anpply  from  our  aand  waah  water  ^  Mai\^i. 
tank  to  a  well  in  order  that  it  might  be  pumped  back 
for  retreatment.    We  took  out  each  strata,  we  found  the 
polarite  as  sweet  as  the  day  it  was  put  in,  and  we  found 
that  there  was  no  ddsintegration.  ^ 

7947.  {Colonel  Harding.)  It  cannot  have  given  up 
oxygen  to  any  important  extent? — ^I  do  not  suggest  tlist 
at  all,  I  only  teU  you  what  the  patentee  said  about  it ; 
but  whether  it  contained  oxygen  or  not  my  experience 
of  polarite  ranging  from  six  years  is  t^t  we  get  a  bet- 
ter effluent  from  polarite  than  any  other  ibody  in  Lanca- 
shire can  get  through  cinders. 

7948.  {Sir  Mi6h<iel  Foster.)  But  you  think  it  is  chiefly 
because  the  polarite  makes  the  material  go  through  sand? 
I  think,  to  a  very  gireait  extent,  it  is  becauee  it  is  a 
meohanical  filter.  At  the  same  time,  some  chemical 
action  takes  place;  what  the  action  is  I  cannot  deter- 
mine, because  I  am  not  a  dhemi«t. 

7949.  {CoUmd  Harding.)  Are  you  propoaing  to  make 
experinv3nte  on  various  materials  before  you  extend  your 
filtero?--:We  are  proposing  to  extend  our  filters  with 
polarite,  and  the  only  difference  I  am  ^ing  to  make 
as  this,  that  instead  of  the  filters  containing  100  square 
yards  superficial  they  shall  contain  200.  This  will  ex- 
tend them  lengthwise. 

79601  Are  we  to  understand  that  you  are  going  to 
double  the  area  of  the  filters?— Yes. 

7951.  For  a  given  volume  of  sdwage? — ^In  this  way, 
that  is  the  present  filter,  here  is  the  distributing  chan- 
nel, and  here  is  the  syphon  chamber,  with  a  syphon 
in  i>t.  At  the  present  moment  this  distributing  chan- 
nel passes  2,400  gallons  of  water  in  here.  That  flows 
into  there  every  40  minutes.  I  propose  now  that  this 
filter  should  be  lengthened  to  d<ouble  the  length,  in- 
stead of  sending  2,400  gaJkne  over  here  in  40  minuter 
it  shall  send  2,^X)  gallons  over  the  entire  double  length 
in  20  minutes.  Instead  then  of  getting  aeration  once 
in  40  minutes  from  this  filter  I  get  it  one  in  20  minutes. 

7952.  The  area  relafaively  to  volume  would  remain 
the  same? — ^Yee,  in6t3ad  of  having  four  inches  deep  of 
w»ter  at  the  top  of  the  100  yarda  filter,  I  shaHl  get  two 
inches ;  I  shall  get  an  extra  layer  of  air  to  purify  my 
filters  every  20  minutes.  It  is  »imply  so  many  more 
filhngs  ©very  day? — ^Yee. 

7953.  {Major -General  Carey.)  What  is  the  thickness 
of  the  polante? — ^About  one  foot,  and  the  sand  eight 
indhes. 

7954.  {Professor  Ramsay.)  Do  you  take  any  trouble 
about  your  fillings  ? — ^There  is  a  patent  apparatus,  really 
a  trough,  with  pores,  peiforations,  much  in  the  shape 
of  this,  having  a  kind  of  sfpHaeh-hoard  on  the  bottom 
to  prevent  the  water  splaahing  on  the  filter  iteelf.  By 
means  of  this  I  can  flood  the  surface  of  practically  ICO 
square  yards  with  the  effluent  from  the  syphon  cham- 
ber in  one  minute,  so  that  in  one  minute  I  get  the  whole 
of  the  filter  working.  Before  that  it  was  simply  dis- 
tributing at  the  mouth  here  by  means  of  a  trough,  like 
everywhere  else,  it  ploughed  up  the  sand  at  the  en- 
trance of  the  fiker,  maxed  the  clean  with  the  dirty  sand, 
and  took  three  minutes  to  fill  the  filter.  We  lost  two 
minutes,  and  now  we  economise  to  the  full  the  area 
of  our  filters. 

7965.  Do  yon  require  to  clean  the  distributor  at  all  ? 
— No. 

7966.  The  material  that  goes  on  is  so  clean  that  there 
is  no  necessity? — Quite. 

7957.  (Dr.  Russell.)  Have  you  any  idea  what  this 
polarite  really  is?— Well,  I  do  not  know.  I  think  I 
wrote  it  down  somewhere;  I  could)  not  remember;  it 
was  a  highly 

7958.  That  is  what  it  is  descrilbed  to  be? — ^I  will  give 
it  up. 

7959.  {Colonel  Harding.)  The  results  tliat  you  gave 
us  in  regard  to  albuminoid  ammonia  are,  1  take  it,  very 
satisbfacitory  to  your  Board? — ^Yes. 

7960.  I  notice  that  at  Manchester  the  oxygen  ab- 
sorbed is  relatively  higher  than  their  albuminoid 
ammonia,  and  I  should  have  been  interested  to  know 
if  you  oould  give  us  any  result,  even  a  single  result,  in 
regaird  to  oxygen  absonbed'?— I  can  give  you  the  oxygen 
absorbed  on  the  same  sample  of  Dr.  Thresh's  report. 

7061.  Well,  what  is  the  oxygen  absorbed  u>  die  final 
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Mr.       filtrate? — ^Oxjgen  absorbed  in  four  hours   in  vne  final 
AldemMH  filtrate  '36  one  saanple,  and  '17  the  other. 

Bibbert.        7962.  That  would  be  in  harmony  with  the  good  re- 
•  MaTlwi  ®"^*^  ^^  albuminoid  ammonia? — ^I  think  your  standard 
— I —    '  Is  Abo 'it  one  grain. 

7963.  {Mr.  KiUick.)  In  the  ordinary  way,  the  two 
teste  run  together  very  closely? — You  see,  with  regard 
to  Manchester,  you  must  take  this  into  consideration,  it 
is  a  very  weak  sowage. 

7964.  (Coland  Harding.)  In  Manchester? — ^It  kx>ks  a 
dirty  sewage ;  but,  as  a  matter  of  fact>  in  organic  im- 
puribiee,  it  h  very  weak.  I  should  not  think  that  the 
organic  imipurities  in  the  Manchester  sewage,  from  what 
I  have  heard,  wiM  be  much  above  *4. 

7965.  Well,  we  will  deal  with  Manchester  sewage 
when  their  time  comes.  Now,  good  results,  in  the 
opinion  of  your  Board,  having  been  obtained  by  this 
system,  it  is  interesting  to  us  to  know  at  what  cost  i\ 
is  aMained,  and  whether  the  means  you  are  using  arc 
permanent.  I  understand  it  has  been  at  work  foui 
years  ? — ^Five  cknd  a  half. 

7966.  And  you  can  work  for  a  considerable  perioi 
without  renewing  the  material,  and  so  on  ? — ^Yes. 

7967.  And  the  cost  you  tell  us  is  Is.  9^.  per  head 
including  interest  on  original  outlay? — ^The  total  cosi 
per  head  of  the  population  ia  Is.  SJKi. 

7968.  Is.  d|<^'-  you  state  here,  on  page  5  of  youi 
memorandum? — Oin,  yes;  the  annual  expenditure  on 
current  account  is  £1,373,  or  Is.  0^.  per  head ;  but,  in- 
cluding the  payment  of  interest  and  sinking  fund,  the 
total  charge  per  head  is  Is.  9|d.    Tes. 

7969.  That  is  the  imaintefnance  charge  is  Is.  per  head  ? 
—Yes. 

7970.  So  that  for  a  populabion  like  that  of  Manches- 
ter, if  you  take  it  at  dOO,000,  that  would  be  £25,000  a 
year  for  maintenance  ? — ^Yes. 

7971.  And,  notwithstanddng,  you  thdnk  that  is  the 
most  eoonomical  way  of  dealing  with  sewage  ? — I  do. 

7972.  Then  that  includes,  Is.  per  head,  the  whole  cost 
of  treating  the  sludge  ? — ^Yes. 

7973.  But  you  are  very  favourably  placed,  are  you 
not,  for  the  disposal  of  sludge  ;  that  is,  you  are  a  small 
community  in  the  midst  of  a  large  agricultural  area, 
and  you  have  relatively  a  large  number  of  farmers  who 
can  use  it  ? — That  is  the  condition  of  nearly  all  the  Lan- 
cashire and  Cheshire  towns.  As  a  matter  of 
fact,  we  have  more  agricultural  land  in  Lancashire  than 
they  have  in  Cheshire,  although  Cheshire  is  an  agricul- 
tural county. 

7974.  Would  that  apply  to  Manchester? — Probably 
not  to  Manchester,  which  is  a  very  large  city. 

7975.  I  am  wanting  to  know  whether  the  system  you 
are  successfully  working  there  is  applicable  to  large 
communities.  You  tell  us  that  you  produce  526  tons 
of  wet  sludge  containing  90  per  cent,  moisture  a  week  ? 
—Yes. 

7976.  And  you  do  so  with  a  normal  flow  of  700,000 
gallons  ? — Yes  ;  I  have  explained  that  that  is  the  dry 
weather  flow. 

7977.  The  dry  weather  flow  is  700,000  gallons?— 
Yes,  but  the  average  flow  for  last  year,  as 
you  pointed  out  on  going  through  the  works,  was  1^  mil- 
lions ;  the  sludge  comes  from  the  1^  millions. 

7978.  That  is  the  total  flow?'-That  is  the  total  flow, 
but  that  goes  through  the  works,  and  from  that  flow 
the  sludge  proceeds. 

7979.  With  a  normal  flow  of  700,000  gallons  you  pro- 
duce 526  tons  of  sludge  a  week  ? — Oh,  no,  we  do  not ; 
from  the  1^  millions  we  produce  that. 

7980.  With  a  normal  flow  of  700,000  gallons,  which 
occasionally  is  increased,  you  produce  526  tons  of 
sludge  ? — No,  we  do  not ;  that  is  not  our  normal  flow. 

7981.  Will  you  state  it? — ^I  have  already  stated  that 
our  dry  weather  flow 

7982.  The  average  sewage  dealt  with  daily  is  700,000 
gaUons  ? — Exactly.  As  I  explained  at  the  beginning,  I 
dealt  with  the  amount  of  water  which  practically  went 
over  our  filters  or  went  through  a  quiescent  precipita- 
tion tank,  that  in  addition  to  that  there  was  a  large 
amount  of  water  making  the  difference  between  that 
and  the  1^  million  gallons,  which  went  through  the 
tanks  continuous  flow. 

7983.  We  are  quite  agreed  on  the  normal  condition 


of  things  ;  the  average  daily  flow  is  700,000  gallons? — 
No,  the  average  daily  flow  is  not  7UO.O0O  gallons. 

7984.  Here  is  your  own  statciuent :  — "  The  dry 
weather  flow  of  sewage  into  the  works  is  between  600,000 
and  700,000  gallons  per  day  "  ?— Which  I  have  already 
explained  to  mean  that  the  average  quantity  of  sewage 
which  comes  over  our  filters  and  which  is  treated  exactly 
in  precipitation  tanks  is  700,000  gallons. 

7985.  You  treat  some  in  the  tanks? — The  difference 
between  that  and  the  1^  million  gallons,  and  that  ac- 
counts for  the  dry  weather  flow  and  the  storm  overflow. 

7986.  You  produce  526  tons  of  aludjge  per  week  out 
of  1^  million  gallons  daily  fiomr  of  sowage » — ^That  is  so. 

7987.  That  is  a  heavy  production  of  sludge? — That 
may  be  so,  but  as  matter  of  fact  that  is  a  correct  state- 
ment 

7988.  Wh«it  would  that  be,  say,  with  a  place  like 
Manchester,  iwhekre  they  have  S5  ^ndllion  gallons  a 
day ;  if  you  take  it  roughly  at  500  tons  per  1,000,001 
gallons  7--Well.  they  would  practically  have  2i0  tiines 
as  much,  a  little  over  20  times  las  much. 

7989.  That  is  a  huge  amount  to  deal  with?~~We]l, 
they  must  deal  with  their  sludge  in  some  other  man- 
ner. The  calculations  got  out  were  for  precipitation 
and  dealing  with  the  sludge. 

7990.  The  point  I  want  to  get  out  is  this :  by  your 
system  there  is  such  a  heavy  production  of  sludge  that 
the  system  would  only  be  applicable  in  districts  where 
sludge  can  readily  be  disposed  of,  either  shipped  and 
emptied  out  at  sea  or  where  you  have  an  agricultural 
population  which  believes  in  the  utility  of  tiiia  sludge 
and  takes  it  away  ? — ^Yes,  that  is  so. 

(Professor  Bamsay,)  Or  by  distillation,  surely? 

7991.  (Colond  Harding.)  Or  if  you  can  show  that  it 
is  practicable  to  distil  it  so  as  to  produce  gas  ? — That  is 

80. 

7992.  But  unless  some  rapid  means  of  dealing  with 
the  huge  quantity  of  sludge  can  be  found  in  a  locality 
your  system  of  sewage  treatment  would  not  be  applic- 
able ? — I  do  not  see  that  at  all. 

7993.  Well,  if  you  take,  for  instance,  a  place  like 
Leeds,  with  20,000,000  gallons  a  day  normal  flow,  there 
would  be  an  immense  production  of  sludge? — ^Yes. 

7994.  And  it  would  be  almost  impracticable  to  deal 
with  the  sludge  which  would  be  produced? — ^Yes,  but 
you  have  got  to  determine  how  you  are  to  deal  with 
your  clinker-cum-sludge  at  Leeds  ;  you  have  only  tried 
it  for  a  limited  period. 

7995.  How  clinker-cum-sludse  ? — I  understand  at 
Leeds  you  are  sending  your  crude  sewage  over  clinkers. 

7996.  That  is  not  the  point  we  are  on.  What  I  am 
driving  at  is  how  far  the  successful  sewage  treatment 
which  you  appear  to  be  carrying  out  at  Chorley  is  ap- 
plicable to  a  place  like  Manchester  or  Leeds,  and  I  see 
that  it  involves  the  production  of  a  huge  amount  of 
sludge  ? — ^Yes. 

7997.  And  I  see  at  Manchester  they  get  rid  of  their 
sludge  by  taking  it  out  to  sea  at  considerable  cost; 
and  the  production  of  sludge  at  Leeds,  although  con- 
siderable, is  not  anything  like  so  considerable  as  by 
your  plam,  and  yet  invdvea  great  difliculty ; 
therefore  I  suggest  to  you  that  it  is  only  in 
casee  where  alndge  can  be  readily  disposed  of 
that  the  exam^ple  you  give  us  of  Chorley  can 
be  followed?— As  a  madter  of  fact,  there  is 
a  large  proportion  of  sludge  at  Chorley,  but  in  order 
to  press  that  sludge  we  only  added  per  day  last  year 
13cwt.  Iqr.  and  lOlbs.  of  precipitant  Now,  the  sludge 
has  got  to  be  dealt  with  in  any  system.  The  only' extra- 
neous matter  we  have  in  our  sludge  is  the  amount  of  pre- 
cipitant we  put  in  it.  How  are  vou  going  to  deal  with 
the  sludge  in  other  places?  Take  the  Burnley  case; 
first  and  second  contact  beds. 

7998.  I  think  we  are  drifting  a  little  bit  from  what 
I  wanted  to  get  at.  Your  system  is  thorough  and  ab- 
solute settlement  of  the  eolids  by  quiescent  Mttlement  ? 
—Yes. 

7999.  Well,  necessarily,  that  involves  a  larger  pro- 
duction of  sludge  than  the  continuous  flow  and  pre- 
cipitation which  is  in  use  in  other  places? — I  do  not 
aamit  that. 

8000.  Then  you  do  not  admit  the  superiority  of  your 
system? — ^No,  that  is  not  so. 

8001.  Your  reason   for  quiescent  settlement  was  to 
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obtain  more  oomplete  settlement  ?-^£xactly,  but  may  I 
illuBtrate  what  I  mean  ?  Suppose  you  are  out  to  after- 
noon tea,  and  the  lady  of  the  house  hands  you  a  cup  of 
tea  into  which  she  places  a  piece  of  sugar,  and  you  do 
not  take  sugar ;  which  would  you  consider  the  best 
m«ans  of  getting  out  the  sugar — ^taking  out  the  lump 
before  it  was  properly  dissolved  or  stirring  your  tea 
till  it  was  dissolved  and  then  taking  it  out  ? 

8002.  Forgive  me  if  I  do  not  attempt  to  answer  ^our 
question  ? — This  seems  to  me  to  illustrate  the  position  ; 
there  is  a  certain  amount  of  sludge  in  every  effluent. 

8003.  I  am  afraid  I  cannot  be  sufficiently  lucid  to 
make  you  understand  what  I  mean  ;  it  may  be  my  fault  ? 
— I  quite  understand  you. 

8004.  (Sir  Michael  Foster.)  Can  we  not  make  the  dis- 
tinction between  solids  and  sludge?  You  are  speaking 
of  solids  ;  Golonel  Harding  is  speaking  of  sludge. 

8005.  (CoUmd  Harding,)  You  have  quiescent  settle- 
ment because  you  can  throw  down  by  such  quiescent 
settlement  more  of  your  solids  than  you  can  by  con- 
tinuous flow? — ^Which  contains  the  same  amount  of 
solids. 

8006-7.  Obviously  by  your  quiescent  settlement  you 
obtain  a  larger  amount  of  sludge  ? — ^Yes. 

8008.  Your  system  involves  necessarily  a  large  pro- 
duction of  sludse? — ^At  the  beginning,  only  at  the  be- 
ginning ;  the  uudge  is  there  all  the  same,  however 
you  treat  it,  and  although  I  take  my  sludge  out  at  the 
beginning  and  deal  with  it  effectually,  your  sludge  goes 
on  and  deposits  itself  somewhere  and  has  to  be  dealt 
with  afterwards. 

8009.  That  may  be,  but  it  may  not  have  to  be  dealt 
with  as  sludge? — Yes,  but  you  see  it  raises  the  whole 
question  as  to  the  destroying  possibilities  of  the  bac- 
teria. 

8010.  Well,  I  did  not  intend  to  raise  this  point? — 
It  does  raise  the  question. 

8011.  But  it  raises  this  question :  you  can  deal  with 
the  solids  in  the  septic  tank.  There  may  or  may  not 
be  digestion  of  part  of  these  solids? — As  a  matter  of 
fact,  they  have  an  open  septic  tank  at  Burnley,  first 
and  second  contact  beds  there  ;  you  can  see  the  sludge 
walking  over  the  sill  at  Burnley  if  you  have  been  there. 
I  think  the  Commission  have  been  there ;  you  can  see 
it  going  out. 

8012.  You  can  see  solid  matters  coming  out? — You 
can  see  solid  matters  coming  out.  In  addition  to  that 
a  certain  proportion  of  solid  matter  settles  at  the  bot- 
tom of  the  tank,  and  has  to  be  dealt  with  every  three 
months. 

8013.  Well,  all  that  is  agreed  to ;  you  must  neces- 
sarily have  more  sludge  by  your  thorough  settlement 
than  where  the  settlement  is  less  perfect? — ^We  have 
undoubtedly  more  sludge  at  the  beginning. 

8014.  Than  where  the  settlement  is  less  perfect? — 
We  have  undoubtedly  more  sludge  at  the  beginning. 

8015.  Than  where  the  settlement  is  less  perfect? — 
Yes,  exactly  where  the  settlement  is  less  perfect ;  but 
we  should  contend  if  it  were  a  question  of  pounds,  shil- 
lings, and  pence  that  the  amount  of  sludge  which  creeps 
over  the  sill  and  is  treated  in  first  and  second  contact 
beds  is  more  expensive  tlian  at  Chorle>. 

8016.  It  would  have  to  be  treated  not  as  sludge? — 
It  would  have  to  be  taken  out  and  the  filter  renewed — 
infinitely  more  expensive. 

8017.  You  are  assuming  there  would  be  no  consump- 
tion of  the  sludge  by  the  bacterial  process? — ^The  ex- 
peKtments  made  at  lieedis  ptoved  conclusively  first  and 
second  contact  beds  provea  oompl-ete— 

8018.  We  are  talking  of  septic  tainks? — ^The  one  is 
the  natural  corollary  of  the  other. 

8010.  It  is  alleged  that  there  is  a  consumption  of 
solids  to  some  extent  in  septic  tanks  ? — Probaibiy  there 
may  be,  but  it  is  to  a  very  small  extent. 

tffiStO.  In  your  system  you  dio  not  attemipt  to  consume 
ihd  solids,  you  remove  them  before  the  septic  action 
is  begun,  and,  therefore,  there  is  Jio  consuimiption  oi 
that  land  ;  therefore  you  have  a  laige  production  of 
sludge,  which  large  production  lOf  sludge  is  swollen 
besides  by  the  chemicals  you  put  into  it  ? — ^Xhat  ds  so. 

8021.  Now  we  are  oomdng  badk  to  what  I  said,  ihat 
yx>u  have  a  large  'oroduction  of  sludge  by  your  system  ? 
— That  is  admitted. 

8022.  Therefore  th«t  system  is  only  applicable  where 
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such  sludge  can  be  readily  disposed  of  ? — ^No,  I  do  not        Mr. 
admit  that.  ,  Al^rman 

8023.  Well,  I  will  not  press  that  further.      I  da  not     Bibbert. 
understand  how  you  get  -ait  this  amounit  of  sludge.     You  ^  mmTiwi. 
are  quite  satisfied  you  have  526  tons  of  sludge  a  week  ?      — '- — 
— ^Absolutely.      That  is  worked  on  the  hypothesis  that 

that  eludge  contains  90  per  cent,  of  water.      I  think,  as 
matter  of  fact,  it  contains  about  92. 

8024.  You  are  not  far  wrong  in  your  typical  analysis 
you  give  us  of  your  crude  sewage.  You  said  the  sus- 
pended solids  vary  from  10*00  to  25*03  per  gallon?-— 
Yes,  this  information  was  supplied  to  me  by  the  Ohief 
Ibspector  of  the  Kibble  Waltershed  Committee.  I  can- 
not verify  it.      I  am  not  a  chemist  or  analyst. 

8025.  Which  of  these  figures  is  wrong — 10*00  to  25*00 
grains  per  gallon,  or  526  tons  a  week,  because  the  two 
do  not  harmonise  at  all? — As  matter  cf  fact,  the  626 
tons  a  week  is  measured. 

8026.  You  have  confidence  in  th*t? — That  is  an  abso- 
lute fiact. 

8027-36.  {Professor  Bamsay.)  1  have  been  taking  the 
sludge  'as  525  'tons,  90  per  pent,  water,  which  gives  52-5 
of  diy  sludge  per  week,  I  think  ? — Seven  and  a  half  tons 
per  day. 

8037.  I  am  taking  it  in  the  week  ? — Yes,  that  is  so. 

8038.  Each  ton  gives  7,000  cubic  feet  of  ga8?^Each 
ton  does  not.  This  7i  tons  is  7^  tons  of,  comparatively 
speaking,  dry  sludge,  but  it  contalne  50  per  cent,  of  water, 
you  see,  after  you  have  pressed  it ;  after  you  have  taken 
90  per  cfnt.  of  water  out  of  it  it  will  contain,  at  any 
rate,  from  40  to  50  per  cent,  of  water. 

8039.  THiat  is  not  mentioned.  Halve  the  figures.  I 
will  read  them  as  they  stand,  then  we  can  divide  by  two 
afterwards.  It  would  give  367,500  cubic  feet  of  gas; 
taking  that  gas  at  2s.  per  1,000  cub.  ft.,  it  would  yield 
a  profit  of  £36  7s.  per  week,  supposing  the  gas  cost 
nothing  to  make,  that  is,  paying  nothing  for  the  coal  to 
distil  the  sludge,  and  not  paying  for  drying  the  sludge, 
or  £1,890  4s.  a  year.  We  will  assume  that  we  halve  the 
figures  in  order  to  allow  for  the  extra  half  of  water ; 
that  means  about  £900  as  the  value  of  the  gas,  not 
allowing  for  the  making.  The  total  cost  per  head  of 
the  population  is  £1,373  per  year,  so  that  you  very 
largely  reduce  the  cost  of  disposing  of  the  sewage  in 
selling  your  gas  ? — ^That  has  oeen  my  opinion  from 
the  beginning,  and  although  it  has  been!  suggested,  I 
do  not  pay  very  much  attenton  to  the  chemist.  I  believe 
— ^yes,  I  believe  it  very  probable  that  in  the  next  fifty 
years,  although  sewage  works  may  not  be(  a  source  of 
income  quite  to  a  governing  body,  they  certainly  will  be 
a  cause  of  very  much  less  expenditure. 

8040.  {Colonel  Harding.)  There  is  no  doiibt  if  you  can 
sh  .w  that  gas  can  be  profitably  made  out  of  the  sludge 
it  would  be  an  argument  in  favour  of  chem-ical  precipita- 
ti  m,  notwithstanding  the  huffe  amount  of  sludge  which 
is  so  produced? — Undooibtedly.  I  was  going  to  say  on 
our  precipitation  tanks  we  get  an  enormous  amount  of 
fnt.  Well,  we  have  carbonised  these  scrapings  from  the 
Bide  of  the  tanks,  and  we  can  get  dodble  the  amount; 
Wi'  can  get  14,000  or  15,000  cubic  feet  of  gas  from  them. 
Tnke  the  enoimous  amount  oi  soap  whioih  is  used  in  every 
locality  every  day.  My  own  opinion  is  that  some  day 
tho  chemist  will  recover  the  soap.  I  know  they  do  it 
in  Holt  Town  in  Manchester. 

8041.  (Chairman,)  Tliere  is  just  one  quest:<m  I  wanted 
to  ask  you  aibout  the  amount  of  the  soSddls  that  you  get 
out  of  your  sewage  by  precdpitafion.  You  do  not  claim, 
I  suppose,  to  get  them  all  out? — ^Well,  in  our  effluent ; 
in  our  filter  effluent. 

8042.  Well,  your  effluent  as  it  is  after  you  haive  treated 
it  with  your  chemicals? — ^Do  you  mean  tlie  tank  effluent 
or  yi  ur  filter  effluent? 

8043.  The  tank  effluent  ? — No ;  we  do  not  claim  to 
absolutely  get  all  the  soldds  out,  but  you  could  hanlly 
est  in 'ate  the  quantity  of  solids  ieft. 

8044.  I  was  very  much  struck  by  this,  that  apparently 
your  filters  choke  so  that  they  have  to  be  cleaned  once 
a  week  ? — ^Yes. 

8045.  Well,  that  means  that  there  must  be  a  certain 
amouui  of  solids  kft? — I  take  it  that  a  certain  portion 
of  the  solids  are  in  solution  and  not  in  5U6x>enmon,  the 
solution  wfhioh  is  effected  when  it  touches  the  filter. 

8046.  Do  you  mean  that  they  go  out  of  solution,  into 
svspension  7 — ^Yes.    I  do  not  know  it,  but  I  think  it. 

0047.  (Professor  Uamsay.)  I  think  you  are  right?— 
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Mr.  Of  course,  the  water  as  it  leaves  tHe  precipitation  tank, 

^i^rinan  gj^^  J  ^-m  sorry  I  did  not  bring  examples  of  it,  is  of 

Hiibeyt.  *  milky  charaoter.     If  I  were  to  put  in  a  bottle  of  Slter 

—  effluent  on  the  box  and  a  botde  of  spring  water,  it  would 
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be  impossible  to  know  which  was  which.  We  have 
twice  during  the  last  year  reduced  th<>  organic  impurity 
in  our  sewage  effluent  to  below  the  standard  of  Preston 
drinking  water. 
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Mr.  W.  H.  Power,  f.r.s.. 
Professor  William  Ramsay,  f.r.s. 


Mr.  T.  W.  KiLLiCK. 
Colonel  Harding. 
Dr.  J.  Burn  Russell. 


Mr.  F.  J.  WiLUS,  Secretary. 


PRESENT  ALSO: 


Dr.  G.  McGowAN. 
Professor  Boyce. 


Mr.  Colin  C.  Frye. 


Mr.  Enoch  Gbobob  Mawbxt,  called;  andi  Examined. 


Mr.  B.  0.       8048.  (Chairman.)  I  -beltieve  tou  are  the  Borough  £n- 
Moviey.    gineer  of  Leioesteir  f— Yes,  my  lord. 

7  Mat.  1901.      8049.  I  thank  you  have  aoted  as  chi<ef  enjQ;ineer  for 
ine  sewage  disposal  works  of  the  Oovporaition  ^— I  have. 

8050.  And  you  have  carried  out  some  rather  exten- 
sive expenmeants  m  the  bacterial  purification  of  sew- 
age?— xeA,  I  have. 

8051.  Whiot  is  the  total  populataon  of  the  borough  7 — 
220,000. 

8062.  And  whait  is  the  voluime  of  the  daily  dry 
weather  fbw  of  the  sewage  ?— 8eyen  and  .twcKthird  mil- 
lion callonB.  That  equals  about  39  ^llons  per  head 
per  <&y. 

8053.  And  what  is  the  nature  of  the  trade  refuse  that 
you  have  to  deal  with? — -The  foul  trade  water  comes 
chiefly  fnom  dyeworks  and  wool  scouring  and  fell- 
mofngers'  and  cunders'  placies.  The  cHemical  condi- 
tion of  the  sewage  has  always  been  found  slightly  alka- 
line. 

8054.  Do  the  manufacturers  treat  their  liquid!B  in  any 
way  'before  passing  them  into  the  sewers  ? — ^No,  excepib 
by  ordinary  catch  pits  and  graitings. 

8055.  Now  aibout  that  catch  pit :  Does  the  catch  pit 
adt  as  a  settling  tank?— It  does. 

8056.  And  the  solids  remain  in  it? — Yes. 

8057.  iSir  Michael  Foster,)  How  bi^  are  the  catch 
pits  ? — Oh,  they  vary  according  to  the  size  of  the  place, 
Sir  Michael — about  10ft.  square,  something  like  that, 
and  about  5ft.  or  6ft.  deep. 

8058.  (Chairman.)  When  you  say  that  the  m>anufac- 
turers  do  not  treat  their  liquid  except  in  this  way  it 
does  coiive  in  for  a  considerable  amount  of  treatment, 
because  the  solids  are  either' kept  back  by  the  gratings  or 
by  the  catch  pits? — Yes,  there  are  a  certain  amount 
olf  solids,  (but  what  we  &nd,  unfortunately,  is  that  they 
work  these  tanks  so  long  without  clearing  them  out 
that  we  get  a  great  deal  oif  solids  washed  out  into  the 
sewers.  They  run  them  until  they  are  overflowing 
with  sludge,  especially  from  the  fellmongers'  place, 
and  we  have  sevWal  times  had  to  go  and  clean  out  the 
sewers  of  the  solid  matters  getting  beyonil  the  catch 
pit 

8059.  (Sir  Michael  Foster.)  Blocking  the  sewer?— 
Well,  at  the  fellmongers'  they  certainly  did  block  the 
sewer  several  times.  It  was  only  a  small  sewer, 
though. 

8060.  (Mr.  Power.)  And  they  discharge  their  refuse 
at  intervals  into  the  sewers,  not  continuously,  I  sup- 
p^me — the  manufacturers  t — ^They  do  so  ;  they  just  run 
it  into  these  oatoh  pits  as  it  might  be  in  ike  middle 
here,  and  run  through  continuously,  as  they  prcnluce 
the  liquid. 

6061.  (Mr.  Killick.)  Do  you  take  in  your  fellmongers* 


effluents  at  Leicester? — We  do,  but  there  is  very 
little.  There  is  not  very  much,  sat.  Moghit  I  say  that 
the  whole  of  what  you  would  call  dense  trade  liquids 
from  these  different  mentdoned  trades  amount,  I  find, 
to  aboul  half  a  mdllion  gallons  a  dav.  You  will  see 
that  I  say  the  trade  water  of  the  whole  of  the  borough 
is  2,000,000  gallons  a  day,  but  if  you  take  these  thick 
liquids  it  amounts  to  about  half  a  million  gaUonB  a  day. 

8062.  (Mr.  Power.)  One-fourth    of   the   2,000,0007- 

Yes,  sir. 

606&  (Chairman.)  Then,  is  the  domestic  sewage 
treated  in  any  way? — ^Not  at  all. 

8064.  The  raw  sewage  goes  on  to  the  £arm9 — Yes; 
well,  it  goes  ioto  sefatlong  tanks  at  the  farm,  first  small 
receiving  tanks. 

8066.  It  goes  on  to  the  settling  tanks  before  it  goes 
on  to  the  land  ? — ^Yes. 

8066.  Then  both  the  trade  refuse  and  the  domestic 
sewage  have  the  solids  to  a  considerable  extent  elimi- 
nated before  they  go  on  to  the  land  ? — They  do. 

8067.  Then  to  what  extent  is  the  surface  and  the 
storm  water  excluded  from  the  sewers? — A  separate 
system  is  only  partially  carried  out ;  at  present  the 
surface  and  the  stonn  water  over  a  very  hucge  area  of 
the  borough  is  discharged  into  the  ordinary  sewers, 
but  for  some  years  past  the  new  streets  have  been  pro- 
vided with  separate  systems,  but  the  surface  and  the 
storm  water  sewers  are  mostly  at  present  connected  to 
the  main  foul  water  sewers  as  a  temporary  measure 
until  the  system  of  intercepting  surface  and  storm 
water  sewers  is  provided,  so  that  you  do  not  get  the  full 
benefit  you  see  of  the  surface  and  the  storm  water 
svstem. 

8068.  (Mr.  Power.)  The  storm  seware  have  overflows, 
have  they,  into  the  streams  ? — Yes,  they  have. 

8069.  At  what  point  do  these  overflows  ccme  into 
operation  ? — At  what  point  of  volume,  do  you  mean  ? 

8070.  Yes  ;  in  the  storm-water  sewers  which  have 
storm  overflows  before  they  join  the  main  sewers?— 
At  the  pumping  station  ;  first  of  all,  I  must  explain  that 
the  whole  of  the  sewage  gravitates  to  a  pumping  sta- 
tion. You  will  see  in  the  evidence  there  is  an  exception 
of  a  certain  amount  of  the  population,  but  taking  the 
bulk  of  the  town,  it  gravitates  to  a  pumping  station. 
Well,  now,  at  this  pumping  station  immediately  before 
reaching  the  pumps,  there  is  a  big  storm-overflow 
chamber,  and  at  this  chamber  there  is  an  overflow 
weir,  and  on  the  low  side  of  this  weir  there  is  a  culvert 
8ft.  in  diameter  running  3j  miles  down  the  valley  to 
a  point  where  it  can  get  a  free  outfall  into  the  river. 
We  pump  and  treat,  roughly,  I  should  say,  about 
double  the  dry  weather  flow. 
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8071.  Aibout  double  the  diy  weather  flow? — ^Tee,  sir, 
about  that. 

8072.  And  anything  in  excess  of  that  jon  pass  away 
by  the  storm  overflows  ? — ^Yes,  but  there  are  local  over- 
flows for  great  storms  on  the  system  at  points  you  know 
on  the  river  and  canal ;  but  that  is  not  your  point,  is 
it? 

8073.  Tes,  I  wanted  to  know  about  those,  too? — 
About  those,  too? 

8074.  Tes? — ^Well,  those  do  not  come  into  operation 
until  the  rainfall  increases  the  dry  weather  flow  to 
such  an  extent  as  equals  a  rainfall  of  2in.  in  24  hours. 
That  is  to  say,  that  after  the  rainfall  exceeds  the  rate 

of  2in.  in  24  hours  these  local  overflows  come  into  play. 

8075.  That  rate  of  flow  ?— At  that  rate  of  flow. 

8076.  And  a  sudden  and  heavy,  but  short,  downfall 
would  bring  them  into  operation  much  sooner  than  a 
steady  and  continuous  downfall? — Exactly. 

8077.  (Major-General  Carey,)  What  dilution  would 
that  represent? — About  12  to  16  times,  sir,  before  these 
locals  oome  in. 

8078.  Before  the  overflow  came  into  opeiwtion  ? — ^Yes, 
those  local  ones. 

8079.  {Sir  Michael  Foster.)  How  often  do  they  come 
into  opera/tion,  would'  you  eay ;  I  miean  how  many 
^ttmes  in  the  year  do  you  think  they  eome  into  opera- 
tion?— ^They  vary  fiom  five  or  six  tiones  to  perhaps  a 
dczen,  according  to  the  rainfall  of  the  year — soaaeuiing 
like  that. 

8060.  A  very  h<eavy  rainfall  year  they  would  ciome 
into  operation  about  a  dosen  times? — Yes,  they  would 
quite. 

8081.  (Chairman.)  What  is  the  area  of  the  land  you 
use? — ^1,366  acres  «fe  uee  for  irrigation^  the  total  area 
of  the  farm  ia  1,700  acres,  and  the  difference  of  546 
acres  is  used  for  grazing  purpoees  when  the  stock  cannot 
all  be  aooommodated  on  the  sewage  land. 

8082.  Then  those  345  acres  never  come  under  aewage 
treatment  at  all? — They  do  not. 

8083.  Haive  you  ever  found  any  nuisance  from  the 
aewage  on  the  land? — We  found  in  some  times  of  the 
jear  a  very  offensive  smell  from  the  area. 

8084.  A  very  offenaiive  smell? — Yes.  You  see  the 
reason  is  this,  that  although,  as  I  said,  a  good  deal  of 
the  solids  are  precipitated  before  it  goes  on  to  the  land, 
you  quite  understand  that  as  these  precipitation  tanks, 
ordinary  settling  tanks,  only  have  a  capacity  of  600,000 
gallons  out  of  7§  million  gallons,  that  a  great  deal  of 
the  solid  matter — at  any  rate,  the  organic  solid  ma4)ter 
* — goes  on  to  the  land,  and  it  sludges  up  the  area  a  great 
deal,  and  at  times  of  the  year  it  is  offensive  ;  but  it  is 
a  very  isolated  place,  fortunately,  so  that  we  have  no 
serious  trouble,  except  that  people  complain  a  little 
sometimes,  but  nothing  serious. 

8086.  You  do  not  know  any  oase  where  it  has  been 
injurious  to  heaith?— We  have  had  no  such  oase. 

8086.  And  you  have  never  had  any  case  where  the 
stock  suffered  from  it?— No.  The  only  thing  we  have 
ever  had  happen  on  the  farm,  so  far  as  I  know,  is  some 
anthrax  cases  ;  but,  of  course,  that  had  nothing  to  do 
with  it ;  our  stock  do  wonderfully  well.  We  have  some- 
times a  thousand  head  of  bullocks  on  the  farm,  and 
we  never  have  less  than  500  or  600  head,  and  they  do 
remarkably  well  there ;  they  are  quite  a  picture — ^the 
cattlo 

8067.  Do  you  have  milk  oows  there  7— Ko,  we  do  not 

8088.  ^r.  Potrer.)  Bo  bullooiks  get  access  for  drink- 
ing purposes  to  the  grips  carrying  the  sewage  on  the 
ftam  ? — Thev  did,  Hir,  when  we  first  started  for  several 
years  ;  until  we  got  some  additional  land  they  used  to 
graze  regularly  with  the  sewage  flowing  on  the  land. 

8080.  Flawing  over  the  surface? — Over  the  surface ; 
that  is  on  the  old  pasture,  of  course ;  it  is  true  it 
was  the  second  application,  the  first  application  of  the 
aewage  crude  having  gone  over  araible  land. 

8090.  It  had  been  taken  up  and  distributed  over  the 
pasture  land  ;  it  was  the  second  applioatioai  to  land? — 
Yes,  it  was  the  second  and  third,  and  it  was  there  they 
grazed  a  good  deal,  too.  The  only  difficulty  we  found 
was  that  they  poached  up  the  land  so  much,  we  keep 
them  <^  all  we  can ;  nevertheless,  they  do  graze  now 
during  the  operations. 

8001.  (Chairman.)  Then  is  the  sewage  from  the  whole 
population  dealt  with  on  those  1,366  acres?— The  popu- 


lation of  about  107,000,  together  with  the  trade  water,    Mr.  B.  G. 
is  now  treated  on  that  land,  and  the  sewage  from  the    ^^v^^- 
remaining  23,000  population  is  dealt  with  at  two  other  7  mmt.  inn 
Bmaill  farms.  — '■ — 

8002.  But  you  ha^ve  had  experience  of  land  treat- 
ment of  sewage? — Yes. 

8003.  And  you  would  say  positively  that  in  your 
opinion  it  produces  no  injury  to  the  health  either  of 
human  beings  or  etock  ?— I  think  not. 

8004.  Then  what  is  the  ntatura  of  your  soil?— With 
the  exception  of  thiHnr  acres  of  it,  it  is  day  under  the 
top  soil,  w|iich  is  aoout  six  inches  to  a  foot  thick. 
There  is  a  layer  of  stiff  yellow  clay  about  two  to  three 
feet  deep  overlying  blue  boulder  clay  for  a  great  depth. 

8005.  And  have  you  prepared  and  drained  the  land? 
— Yes.  The  way  we  prepared  it  was  this  :  first  of  all  the 
ordinary  ditches*  were  widened  and  deepened,  to  serve 
as  the  main  effluent  drains  leading  to  the  natural  water- 
counses,  and  the  dradne  of  each  field  has  its  own 
separate  outfall,  which  ia  brought  out  on  to  the  surface 
of  the  lower  field,  and  arranged  so  that  the  foul  effluent 
that  always  reaches  the  drains  of  a  clay  farm  can  be 
treated  a  second  or  a  third  time  on  other  land  as  may  be 
found  necessary  to  effect  a  sufficient  purification.  A 
surface  effluent  can  always  be  treated  on  successive 
areas  until  fit  to  send  into  the  streams.  In  the  old 
orthodox  way  of  irrigation,  that  is.  The  top  land  which 
adjoins  the  sewage  carriers  is  all  arable.  There  is  453 
acres  of  that,  part  of  which  has  been  broken  up  from 
old  pasture.  The  crude  sewage  is  first  discharged  on  to 
this  arable  land  and  finished  cff  on  the  old  pasture 
or  rye  grass.  The  lower  fields,  which  were  onginadly 
arable,  have  been  seeded  down,  and  the  total  area  A 
the  paature  land  is  902  acres.  By  thia  means  the 
drawbacks  of  a  clay  farm  are  very  lai^ely  overcome. 
I  should  like  to  say  one  more  word  about  that..  I  have 
bad  something  to  do  with  clay  land  before,  and  I  have 
always  found  that  if  you  do  drain  it  in  the  ordinary  way, 
as  there  is  only  a  small  depth  of  humus,  you  do  not  get 
sufficient  filtration,  and  it  finds  its  way  down  into  these 
drains  (not  having  got  its  six  or  seven  feet  for  filtration) 
in  a  foul  condition.  We  expected  the  same  failure  at 
Leice6t'>r.  It  was  prophesied  that  we  should  fail  be>- 
cause  of  that.  Some  said,  "  Well,  you  must  not  drain 
the  land."  Well,  we  tried  that  for  a  little  while,  and 
we  found  that  wo  could  not  possibly  get  the  horses 
on.  We  have  had  to  wait  from  twelve  to  twenty  weeks 
before  we  could  get  the  horses  on  to  plough  after 
sewaging  ;  we  found  that  we  must  drain  i^  and  we  got 
over  it  in  this  way,  but  it  was  after  a  great  deal  of 
study.  The  farm,  fortunately  for  us,  has  good  slopes, 
so  that  pumping  the  sewage  on  to  the  top  of  the  water- 
shedy  part  of  it  falls  down  to  one  valley  and  part  to 
another,  and  the  idea  I  conceived  was  that,  instead  of 
having  an  arterial  system  of  drains  and  connected  up 
to  the  main  drains,  so  that  when  you  put  the  sewage 
on  to  a  top  field  it  would  pass  through  only  six  inches 
to  a  foot  of  soil,  into  the  system,  which  was  as  good 
as  into  the  river  at  onoe  ;  instead  of  doing  that,  I  have 
laid  a  main  drain  along  the  bottom  of  each  field  to  the 
lowest  comer,  and  taking  advantage  of  the  superior 
slope  of  the  farm,  getting  it  out  to  the  surface  of  the 
next  field  below  as  quickly  as  possible,  and  dealing  with 
each  field  the  same  ;  so  that  the  foul  effluent  which 
gets  into  the  drain  at  one  field  is  thrown  over  the 
surface  of  the  next,  and  on  the  next  again,  if  not  fit 
to  send  away,  and  when  it  is  fit  to  send  away,  we  can 
drop  it  into  any  of  these  dykes,  let  it  go  away  through 
the  ordinary  natural  drains  of  the  land,  or  bring  it  on 
to  the  surface  of  the  land  again,  and  in  that  way  we 
achieved  a  very  great  success. 

8006.  (Major-General  Carey.)  They  were  intercepting 
drains  ? — Exactly. 

8097.  (Mr.  Power.)  To  what  depth  do  you  think  the 
sewage  penetrates  into  the  soil,  say  the  arable  land, 
at  Leicester.  The  difficulty  is  that  in  the  first  instance 
I  suppose  it  was  held  up  by  the  clay  at  a  very  short 
distance  from  the  surface  ? — Yes,  that  was  so. 

8098.  Within  how  many  inches  should  you  say  ?— The 
bulk  of  it  was  held  up  within  a  foot,  but  of  course  it 
would  gradually  permeate  through  a  couple  or  three 
feet  more,  but  extremely  slowly,  not  sufficiently. 

8009.  The  difficulty  in  dealing  with  the  land  was  that 
the  sewage  was  held  up  by  the  clay? — ^And  then  it 
concentrated  itself  over  the  trenches  naturally,  and 
there  found  its  way  into  the  drains.  Always  in  hot 
weather,  after  reat  of  the  land,  we  had  the  fissures  in  the 
clay  to  deal  vdth,  and  it  used  to  run  through  these 
and  get  quickly  down  that  way. 
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Mr.  B.  G.       8099*.  (Chairman.)  Of  course  there  is  clay  land  and 
Matcbetf.'    clay  land.     Do  you  call  your  clay  very  stiff  ? — ^It  is  very 

7  Mat.  1001.  '^^^* 

8100.  It  is  very  stiff?— Yes.      It  has  a  very  large 

amount  of  alumina  in  it.  It  is  stiff  yellow  clay,  this 
top  2  feet  under  the  humus,  and  then  boulder  clay,  and 
that  particular  boulder  cla^  is  a  blue  heavy  solid  clay, 
that  is  very  close.  It  is  interspersed  truly  with  drift 
chalk,  flint  stones,  and  that  sort  of  thing,  but  it  is  more 
like  a  concrete  than  anything  else. 

8101.  You  call  it  very  stiff,  do  you  ?— Very  stiff. 

8102.  You  are  fortunate,  of  course,  in  the  lie  of  your 
ground,  I  mean  your  slope  is  fortunate  for  you  ? — That 
IS  the  great  thing  that  saved  us. 

8103.  (Major-Oeneral  Carey.)  The  purification  was 
really  taken  by  a  triple  filtration  ?— It  is  so,  and  triple 
or  double  surface  irrigation  now. 

8104.  Through  this  medium  of  soil  ? — ^Yes. 

8105.  And  your  farm  was  favourably  situated  for  that 
purpose  ? — ^Exactly  so.  You  get  a  sort  of  double  contact 
by  means  of  the  drains  and  double  contact  by  means  of 
surface  irrigation  and  frequently  treble  contact  in  both 
cases. 

8106.  (Sir  Michael  FosUr.)  By  "  other  land "  you 
mean  additional  land,  you  do  not  mean  land  of  another 
kind.  At  the  bottom  of  the  first  page  of  your  notes  it 
reada  as  if  it  meant  other  than  clay  land,  but  all  your 
land  is  cloy  land  ? — Oh,  yes,  it  is  so. 

8107.  You  say  "  the  clay  sewage  farm  on  other  land." 
You  do  not  mean  land  oi  anotiher  kind,  you  m«an  addi- 
tional land  %-^hy  yes,  exactly  so,  additional  clay  knd. 

8108.  How  do  you  judge  with  your  intercepting  drains 
whether  you  should  drain  it  on  the  suifaoe  again,  or  let 
it  go  into  the  main  drains  ? — Our  watermen  now  are  very 
expert  in  that  way.  Of  course  there  ia  a  rule  of  this 
tort,  that  they  must  never  send  it  away  until  it  has  had 
two  applioatioiifl,  and  they  judge  tihen  whiether  it  needa 
a  thiid. 

8109.  By  experienoe?— Yes,  sir  ;  but  we  have  a  regular 
analysis  made — a  series. 

8109*.  (Chairman.)  Would  you  mind  defining  broad 
irrigation  before  we  go  any  further  ? — ^Yes,  my  lord.  The 
sewage  flows  along  the  top  of  the  watershed  of -the  farm 
in  a  feeder,  and  then  it  flows  into  distributing  grips  and 
contours,  so  that  the  intention  is  that  the  work  shall  be 
done  mainly  by  flowing  over  the  surface  as  contrary  to 
vertical  filtration. 

8110.  Then,  could  you  tell  us  to  what  extent  the  broad 
'     irrigation  on  your  clay  Jiand  has  been  succeseful  in  {mri- 

f ying  the  sewage  ? — For  several  years  effluents  were  uni- 
'  formly  satisfactory,  and  quite  equal  to  acknowledged 

satisfactory  standards.  The  following  analysis  taken  in 
Octobar  and  Decamiber,  1891,  namely,  12  to  15  monthe 
after  the  farm  had  been  in  operation,  ia  a  fadr  average :  — 

Albuminoid  ammonia,  *09  grain  per  gallon, 

and 
Oxygen  absorbed,  '562  grain  per  gallon. 

8111.  (Mr,  Fower.)  That  was  with  treble  filtratiim  in 
effect ;  was  it  after  it  had  gone  through  three  plots  ?-- 
It  was  partly  double  and  partly  treble.  I  miight  expiliain 
that,  sir.  If  the  plots  were  very  large,  that  ia  to  say,  if 
thio  plots  we  were  using  were  k>ng  ones,  two  of  tiiem 
would  do,  but  if  we  had  a  section  of  the  farm  where  there 
were  shorter  plots  and  smaller,  and  it  did  not  have  to 
travel  so  far,  we  would  have  to  send  it  over  three. 

8112.  (Colonel  Harding.)  At  that  time  that  you  were 
getting  those  good  results,  how  many  people  to  thte  acre? 
— ^At  that  time  we  had  114  persons  to  the  acre,  the  maxi- 
mum, but  it  has  now  reaohiBd  145  persons  per  acre,  and 
7,000  pail  closets  have  been  rapidly  converted  into 
water  closets,  it  is  proposed  to  pump  the  sewage  from  an 
added  area  to  thde  farm,  which  would  bring  the  total 
population  up  to  154  per  acre,  and  the  total  dir  weather 
flow  to  about  8,000,000  gallons  per  day.  Thi«  extra 
burden  on  the  fann,  land  the  consequent  deterioration 
of  the  quality  of  the  effluent  made  it  necessary  eii^her 
to  very  largely  increase  the  area  of  the  farm  or  adopt 
aome  very  efficient  means  of  preliminary  clarification. 
I  advised  that  bacteriological  experrments  in  the  purifi- 
cation of  the  Leicester  sewage  on  a  sufficiently  Isrge  and 
practical  scale  be  carried  out. 

8113.  (Chairman.)  Now  before  we  come  to  the  experi- 
ments at  all,  I  should  just  like  to  asJk  you  about  your 
balance-sheet.  Did  the  farm  pay  its  expenses  7 — No, 
sij  Lord,  there  was  a  very  great  lose. 

8114.  A  very  great  loss? — ^Yes.  thousands  a  year. 


8115.  One  thousand  pounds  a  year? — Several  thoa- 
sands  a  year. 

8116.  On  a  farm  of  1,700  acres  you  made  a  kas  of 
several  thousands  a  year? — ^We  made  a  loss  of  £6.000 
or  £7,000  a  year,  that  ia  taking  oveiything  into  considera- 
tion. 

8117.  No  doubt  you  worked  it  in  a  very  thorough  and 
scientific  manner  ? — I  think  that  is  the  reason,  my  lord, 
we  do.  I  started  by  saying  that  their  first  duty  was  to 
purify  the  sewage,  and  they  made  me  master  of  the 
agricultural  operations  as  well  as  the  engineering  for 
a  year  or  two,  until  we  got  into  first  rate  form,  and  then 
they  allowed  the  bailiff  to  manage  the  sewage  himself, 
subject,  of  course,  to  my  advising  them  as  their 
engineer ;  but  we  have  got  an  admirable  committee, 
and  they  always  have  cleansed  the  sewage  first,  and 
then  done  the  best  they  could  with  the  land  and  the 
crops  afterwards. 

8118.  I  suppose  you  would  say  that  if  you  have  a 
sewage  farm  you  must  have  some  skilled  perscm  to 
manage  it  if  tne  sewage  is  to  be  projMrly  treated  7 — Cer- 
tainly, we  have  a  very  good  man. 

8119.  I  mean  tthat  an  ofdinary  fanner  could  not  f aim 
a  sewage  farm  so  as  fto  treat  the  sewage  properly  t— Oer- 
tadnly  not.  The  worat  man  you  could  have  would  be 
«n  ordinary  fanner. 

8120.  (Major-Genetal  Carey.)  Has  the  farm  ever  been 
managed  by  a  tenant  not  employed  by  the  Corporation  ? 
—No,  fir. 

8121.  (Frofessor  Bamsay.)  Would  jou  sar  that  the 
reason  thait  a  (farmer  is  a  bad  manager  of  a  sewage 
farm  is  that  hja  interest  lies  in  producing  crops  and 
not  disposing  of  the  sewage? — ^Yes,  there  are  many 
times  in  the  year  when  he  does  not  want  the  sewage, 
and  if  he  can  shoot  it  into  the  watercourse  he  will. 

8122.  (Colonel  Harding.)  You  have  given  «a8  -a  typical 
analysis  the  farm  working,  with  114  to  the  acre;  do 
you  attribute  the  detecooration  entirely  to  the  overwork- 
ing?—Tea. 

8123.  If  the  population  had  not  increased  would  there 
have  been  deterioration  from  the  increasine  age  of  the 
farm? — Well,  I  do  not  think  Hiere  would  have  been 
deterioration.  I  am  bound  to  say  that  the  land  has 
slightly  improved.  Members  of  our  Committee  say 
it  is  imimensely  impiroved.  I  do  not  quute  go  so  far  as 
that  because,  as  I  say,  you  can  only  imiprove  it  to  the 
depth  that  you  oan  plough  it  and  culitiv«U»  it^  but  it 
has  not  deteriorated  ;  it  is  friable  at  the  surface^  and 
it  dries  off  a  little  quicker,  and  it  is  the  more  efficient 
of  the  two,  but  the  increase  of  the  population  and  the 
convectiing  off  the  pail  olosets  into  water  closets  has 
buoufi^hi  too  great  a  burden  upon  the  farm,  with  the 
result  that  for  the  last  year  or  two  the  albuminoid  am- 
monia went  up  from  *09  grains  per  gallon  to  *3025^ 
and  the  oxygen  absorbed  from  -562  up  to  1*0538. 

8124.  (Afr.  Foioer.)  Was  there  corresponding  increase 
in  the  strength  of  the  raw  aewage— B^ve  you  any  figures 
for  that  at  the  one  time  and  the  other  ?----No,  there  was 
not,  sir.  It  averaged  about  .the  same.  Of  course  these 
are  just  good  average  samples  of  many  months'  work- 
ing, and  it  does  not  .v«ry  much  if  you  take  a  sufficient 
period,  srhich  we  always  do. 

8125.  The  raiw  sewage  you  are  speaking  of  ? — ^Yes,  sir. 
Miighi  I  just  show  you  this :  this  is  a  diagram  I  had 
made  to  show  the  albuminoid  ammonia  and  oxygen 
absorbed.  I  started  with  an  idea  of  a  standard,  that  is 
one-tenth  of  a  grain  per  gallon  for  the  albuminoid  am- 
monia and  a  grain  per  gallon  for  the  oxygen  absorbed. 
If  you  take  the  albuminoid  ammonia  in  1891  when  the 
land  was  not  overworked,  the  average  for  a  good  many 
analyses  is  '09  grains  per  gallon  of  albuminoid 
ammonia^  that  oorresponas  with  that  table.  The 
average  in  1891  for  oxygen  absorbed  is  '562.  Well, 
then,  in  1896  it  got  up,  you  see,  the  albuminrnd 
ammonia  to  '3592,  and  the  oxygen  absorbed  up  to  1*0903 
grains  per  gallon.  Then  we  had  another  batch  in 
1898  which  seems  to  require  explanation,  because  this, 
you  see,  was  later  when  the  farm  was  more  worked, 
and  then  it  was  *30  grain  per  gallon  instead 
of  '35,  and  the  oxygen  absorbed  1*05  against  1*09.  But 
you  have  it  just  as  we  took  it.  We  had  a  grea^ 
many  samples.  For  some  reason  or  other,  whether 
it  was  that  tho  land  was  in  better  condition,  or  the 
weather  was  better  for  us — for  the  operations — 1  do  not 
know,  but  I  thought  you  had  better  have  the  truth  of  it. 
But,  however,  you  see  it  had  got  up  so  high  that  I 
strongly  advised  the  Committee  to  do  something,  and 
X  told  them  I  thoiu^ht  it  would  be  very  mnch  beUer  to 
endeavopv*  to  clarirjr  the  sewage  bacteriologically  than 
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to  increase  the  area  of  a  farm  which  is  already  a  big 
undertaking.  Well,  now,  the  main  proceases  that  we 
iiave  carried  out  are  No.  7,  No.  14|  and  No.  17. 

8126.  Will  you  tell  us  what,  under  such  circum- 
atances,  were  the  chief  objects  of  these  experiments  ? — 
The  chief  objects  of  these  experiments  were  (1)  to  enable 
me  to  determine  by  what  process  the  sewage  could  be 
the  most  ^ctentily  ofcarified  before  atppHgring  it  by  broad 
irrigation  to  pasture  land  and  to  ryegrass  for  final 
purification  without  seriously  fouling  the  crops.  Such 
clarification  process  to  also  effect  as  much  purification 
aA  possible,  as  indicated  by  reduction  of  albuminoid 
ammonia  and  in  oxygen  absorbed,  and  to  produce  the 
least  practicable  Amount  of  sludge.  (2)  To  prove 
whether  the  sewage  could  be  satisfactorily  purified 
withoupt  any  appJioation  to  land  and  bo  render  it  un- 
necessary to  carry  into  effect  the  contemplated  purchase 
of  the  farm,  which  with  the  exception  of  100  acres  is 
leasehold  or  otherwise  rented  or  to  completely  treat  a 
portion  of  the  sewage  for  the  purpose  of  relieving  the 
land. 

8127.  (Sir  Michael  Foster,)  Do  I  understand  in  your 
diagTam  there  that  the  blue  which  has  nothing  shaded 
is  the  percentage  in  .the  crude  sewage,  and  where  it  is 
shadbd  is  the  percentage  in  the  dBluent? — Oh  yes, 
•exactly,  the  fiiuil  effluent.  That  is  what  we  got  when 
we  madi>  up  our  minds  that  we  must  either  increase 
the  area  of  the  farm  or  adopt  some  system  of  clarifica- 
tion, but  I  will  leave  these  processes  until  you  ask  me 

^r  them. 

(Chairman.)  I  suppose  you  never  made  any  bacteno^ 
logical  analyBes? — We  have  not. 

8128.  ISien  you  ad<me  that  tyacteriologioal  experi- 
ments should  ibe  carried  out,  and  would  you  tell  utf^hat 
jx>ur  chief  objects  in  those  experiments  were? — The 
citief  objects  of  these  experimenlts  were  sereraJ :  (1) 
To  enable  ^e  to  determme  by  what  process  the  sewage 
could  be  the  most  efficiently  clarified  before  applying  it 
hy  broad  irrigation  to  pasture  land  and  to  lye-grass  for 
final  purification,  without  senously  fouling  the  crops. 
Such,  cl>arifioailnon  process  to'aleo  ^ect  as  much  purifi- 
oation  as  possilble,  as  indicated  by  reduction  of  albu- 
minoid ammonia,  and  in  oxygen  Absorbed,  and  to  pro- 
duce the  least  practicable  amount  of  sludge  ;  (2)  To 
'prove  whether  the  sewage  could  be  satisfadtorlly  puri- 
fied without  any  application  to  l«nd,  aiui  so  render  it 
unnecessary  to  carry  into  effect  the  contomtplated  pur- 
chase of  the  'farm  which,  with  t&e  exception  ol  100 
acres,  is  leasehold  or  otherwise  rented,  or  to  completely 
treat  a  portion  of  the  sewage  for  the  purpose  of  relieving 
the  land. 

8129.  Does  the  farm  belong  to  you  7 — ^100  acres  of  it 
belongs  to  us,  but  the  remainder  is  leasehold,  and  we 
have  16  years  to  run,  and  as  these  eiroerimients  have 
proved  so  satisfactory  for  preliminary  clarification  pur- 
poses I  advised  them  to  buy  the  farm,  at  least  to  buy 
1,200  acres  of  it,  and  retain  it  for  final  purification,  in 
preference  to  abandoning  the  farm,  and  going  in  for 
complete  bacterial  treatment.  They  have  adopted  that 
course,  and  the  arbitration  will  be  in  process  directly 
for  acquiring  it. 

8130.  Tou  h«ve  'bought  the  fazm  9— Practically,  yes  ; 
ire  are  waiting  for  the  artntration  to  come  on — ^we  are 
foing  to  have  it ;  we  are  bound  to  have  it  now. 

8131.  Then  would  vou  descrcbe  your  ex!perimental 
plant? — ^I  do  not  think  I  have  «  cartoon  for  that,  but 
if  any  gentleman  has  the  book—the  reiport— he  will  be 
able  to  follow  it  from  the  map.     I  have  one,  sir. 

8132.  Will  you  shortly  desoii'be  your  experimental 
plant?— The  exjwrimential  plant  conslisted  of  (1)  a 
channel  and  weir  channber  >S)(Pt  long  by  4fit  fwide,  for 
delivering  and  measurmg  the  crude  sewage  ;  (2)  A  de- 
tritus tank  30ft.  long  by  IBft.  wide  by  7ft.  deep  in  the 
centre,  havinff  a  w^ater  capacity  of  18,681  gallons  ;  (3) 
A  second  tank  adjoining  the  latter,  130ft.  long  1^  30ft. 
wiide,  ttvenaging  6fit.  die^  at  the  inlet  end  and  ^.  3in. 
deep  at  the  outlet  end,  with  sludge  channel  below  these 
levels,  and  having  a  total  water  capiacity  of  125,962 
gallons.  IBoth  these  were  used  as  open  tanks  in  the 
«rly  experiments,  but  were  afterwards  closed  for  other 
experiments. 

8133.  I  wanted  just  to  ask  you,  why  do  you  call  it  a 
'* detritus  tank" ?  Do  you  distinguish  between  the  two 
tanks  dn  any  way  ? — Yes. 

8134.  Is  there  any  treason  why  you  should  not  call 
them  a  first  and  a  second  tank?— I  do  not  think  theie  is 
any  reason  excepting  that  I  wanted  the  first  tank  to  be 
only  for  these  experiments,  sufficient  to  make  sure  that 
I  ^et  all  the  mineral  matter  down  ;  then  the  second 


tank,  I   wanted   to  act  for  a  further   subsidence   of   Mr.  B:Q^ 
lighter  organic  sludge,  in  the  ^t  place  open,  and  then     ^o^^- 
when  I  closed  it  to  work  on  septic  principles  enltirely,  7Har.  1901« 
the  (mineral  matter  harring  been  ti^en  out.  — '■ — 

8135.  Quite  so.  Then  your  object  was  to  get  a  small 
tank  in  the  first  instaAice,  which  would  catoK  the 
minerals  ? — ^Exactly. 

8136.  And  which  ^would  be  easy  to  clean  out? — 
Exactly — ^that  is  it.  Then  there  are  four  first  contact 
clarifying  bacteria  beds  filled  with  clinkers  from  our 
refuse  destructors.  Die  clinkers  in  two  of  these  beds 
passed  through  ^a  crushing  machine  with  jawQ  set  to 

a  2^in.  gauge,  and  this  crushed  material  was  stopped  * 
by  a  l;lin.  meshed  screen.  In  the  other  two  beds  the 
clinkers  passed  through  a  crushing  machine  with  jaws 
set  to  a  ij:in.  gauge,  and  this  material  was  stopped  by 
a  }in.  meshed  screen.  The  average  depth  of  the  clinker 
in  the  beds  was  4ft.  6in.  The  total  clinker  and  water 
capacity  was  740  cubic  yaxds,  or  a  anean  supeificial 
area  of  about  500  ^mrds. 

8137.  (Colonel  Harding.)  Of  the  whole  ?— Of  the  whole 
four,  yes.  There  were  also  two  second  contact  clarify- 
ing bacteria  beds.  One  of  these  beds  was  filled  with 
crushed  and  screened  destructor  clinkers.  This 
material  was  passed  through  a  ^in.  meshed  screen,'  and 
rejected  by  a  ^in.  meshed  screen.  The  other  bed  was 
filled  with  a  mixture  of  burnt  claj  ballast,  and 
destructor  clinker,  varying  in  size  from  half  an  inch 
to  one-sixteenth  of  an  inch.  The  depth  of  the  material 
in  these  beds  was  3ft.  In  connection  with  these  experi- 
ments a  total  area  of  25^  acres  of  land  was  used  for  the 
final  purification  of  the  effluent.  Of  this  area  13^  acres 
were  old  pasture  and  12  acres  were  rye-grass. 

8138.  (Chairman,)  After  it  had  been  through  your 
artificial  taniks  and  contact  beds  you  do  not  put  it  on 
to  araible  land  at  all  ? — ^Not  at  all. 

8139.  Did  you  ibring  it  .out  at  the  bottom  of  your' 
slope,  lor  where?— At  the  bottom. 

8140.  At  the  bottom  of  the  slope?— Jit  the  bottom  of 
the  tanks. 

8141.  No ;  you  showed  us  your  land  ran  in  three 
fields?— Yes. 

8142.  I  wanted  to  know  whether  you  brought  it  out 
on  a  elope,  so 'that  it  ran  down,  or  whether  you  brought 
it  out  on  to  level  land? — I  brought  it  out  on  to  a 
slope. 

8143.  To  a  grass  slope?— To  a  ^ase  slope. 

8144.  (Sir  Michael  Foster,)  You  are  making  now  the 
ridge  on  your  fann  ?— Jt  was  a  ipieoe  of  :land  about  two- 
thirds  down  the  slope  of  ^e  nirm.  'But  dt  ddd  come 
out  of  the  tenks  on  to  losrer  sloping  ground. 

8145.  (Major-General  Carey.)  TVIbat  vtolume  of  sewage 
did  you  put  ithrough  the  tanks  ?--^I  will  answer  that  later 
on  if  you  will  kindly  allow  mo. 

8146.  (Chairman.)  Then  you  tried  experiments  .with 
both  tanks  open,  then  one  tank  open  and  another 
closed,  and  then  both  closed? — ^Yes. 

8147.  And  without  sendine  it  throuffh  any  filter  beds 
at  All?— Yes.  ^ 

8148.  tThen  you  tried  various  things  both  with  the 
tanOds  and  with  the  contact  beds  ?— We  did.  yes.  Would 
it  help  you  if  J  was  to  igive  you  «  minute  or  two  on 
that  cartoon  just  to  explain  the  different  processes,  do 
you  think? 

8149.  (Colonel  Harding.)  Belfbre  you  pass  on  would 
you  girs  us  the  area  of  the  second  beds  7— ^They  were 
150  square  yards  <the  tnro. 

8160.  Together  150  square  ysii^?— Yes,  sir. 

8161.  (CJiairman.)  If  you  would  pexhaps  give  us  a 
general  statement  of  the  results  of  the  diffeient  pro- 
cesses with  the  help  of  those  diagrams  ? — ^Yes,  my  lord. 

8162.  (Major-'Chneral  Carey.)  I  think  it  would  be 
beitter  if  vou  wv>uld  answer  my  queebion  ;  that  will  give 
us  the  whole  thing  ?— The  detritus  tenks  we  used  first 
open,  and  the  volume  treated  in  the  detritus  tank  per 
day  averaged  about  8  to  9  times  ito  capacity,  and  then 
when  it  was  used  closed  it  varied  from  74  up  to  20  times 
its  capacity,  and  when  that  big  second  tank  was  used  as 
ail  oijen  tank  it  was  treated  at  the  rate  of  its  own 
capacity,  that  is  to  say,  the  volume  treated  through  it 
per  day  equalled  ite  total  capacity. 

8153.  (Cciond  Harding.)  Was  that  the  unifoxm  rate 
whenever  you  need  it  as  a  septic  tank?— Tes,  that  was 
when  it  was  open,  but  now  I  am  coming  to  when  it  was 
a  closed  septic  tenk.  We  then  treated  1^  times  its 
volume  per  day  at  an  uniform  rate  as  a  septic  tank. 
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*Mr.  E.  G.       8154.  Did  you   flow  effluent  through    it    when    you 

Mav^f/.    n^orked  it  as  a  septic  tank  ? — ^We  did  a  little,  sir ;  that 

V  Mar.  1901.  IS  the   long  settling  tank,   when  it  was  used   as  an 

ordinary  open  it  was  treated  at  about  the  volume  equal 

to  its  own  capacity,  and  as  a  closed  septic  at  1^  times 
its  capacity. 

8156.  Then  hoiw  did  you  prerent  septic  conditions 
arising  when  it  was  open,  and  tou  flowed  iJirough  it  at 
that  rate  ?-— iSeptic  oonditione  dud  arise. 

8156.  Then  it  was  merely  an  open  septic  tank? — It 
was. 

8157.  Wild  jou  deecribe  the  different  experiments 
you  have  earned  out? — Altogeiber  17  experiments  or 
processes  were  tried.  Group  1.— ^Process  1 :  Open  de- 
tritus tank,  open  subsidence  tank,  and  broad  irrigation 
on  old  pasture.  Process  2 :  Closed  detritus  tank,  open 
subsidence  tank,  and  broad  ind^^ion  on  old  pasture. 
Processes  10,  11,  12,  and  IS.—Cloeed  detritus  tank, 
closed  septic  tank,  and  brood  irrigation  on  old  pasture 
or  rye-grass.  Group  2. — Process  5 :  Open  detritus 
tank,  open  subsidence  tank,  first  contact  bacteria  beds, 
three  fillings  a  day  and  hrcad  irrigation  on  odd  pasture. 
Process  6 :  The  same  as  process  5,  but  with  the  detritus 
tank  closed.  Process  7  :  Closed  detritus  tank,  first  con. 
tact  bacteria  beds  three  a  day  and  broad  irrigation  on 
old  pasture.  Process  9 :  The  same  as  No.  7,  except 
that  the  bacteria  beds  were  filled  four  times  a  day. 
Process  8:  Closed  detritus  tank,  olomd  septic  tank, 
first  contact  bacteria  beds,  three  fillingis  a  day,  and 
broad  irrigation  on  rye-grass.  Group  3. —-(Closed  tanks 
and  complete  bacterial  treatment  without  land).  Pro- 
cess 14  :  Closed  detritus  tanks,  fij«t  and  second  contact 
baoteria  beds  three  fillings  a  day.  Process  17:  The 
same  as  No.  14,  except  that  the  third  contact  bacteria 
bed  was  used,  and  all  the  bacteria  beds  were  filled 
four  tones  a  day.    Process  15 :  Closed  detritus  tank, 

« cliosed  sepitic  tank,  first  and  second  contact  bacteria 
beds,  three  fillings  a  day.  Process  16.  The  same  as 
Nol  16,  except  that  the  third  contact  bacteria  bed  was 
used.  I  shculd  like  to  place  on  record  that  the  whole 
of  the  analyses  were  made  for  me  by  Mr.  S.  F.  Burford, 
P.C.S.,  of  Leicester. 

8158.  To  what  extent  do  you  propose  to  deal  with 
these  processes  in  your  evidence  ?— <I  should  like  to  give 
you  some  information  about  each  of  them,  dealinc  fully 
with  the  mJost  important  ones,  and  only  very  iwdefly 
wiiii  the  remainder. 

8150.  Will  you  take  them  then  in  the  same  order  aa 
already  classified,  proceeding  with  Process  1  of  the  first 
group  9->iIt  would  be  a  great  advantage  if  we  ran 
straight  through  them.  I  think  if  you  will  allow  me 
to  say  so,  these  experumenfts  consisted  of  three  broad 
systems.  One  group  of  experiments  were  carried  out 
with  open  and  closed  tanks  and  broad  irricaticn,  and 
then  the  next  group  of  experiments.  Group  No.  2,  were 
open  and  closed  tanks,  and  first  contact  bacteria  beds, 
and  broad  irrigation,  and  the  third  group  were  closed 
tanks  including  septic  you  know,  and  complete  bac- 
terial treatment  without  land. 

8160.  {Mr.  Power.)  Double  con»tact,  yx)u  mean  by 
"  complete  bacterial  treatment "  ?— Yes,  and  there  was 
treble  contact  as  well,  sir,  that  is  going  on  with  the 
chairman's  next  question,  as  to  what  extent  I  propose  to 
deal  with  them.  I  thought  I  should  like  to  give  you 
some  little  informntion  about  each  of  them,  but  dealing 
only  fully  with  the  most  important  ones.  Then,  sir, 
if  you  ask  me  question  No.  19  I  should  like  to  say  that 
this  process  No.  1  was  putting  the  sewage  through  an 
open  detritus  tank  and  then  through  another  subsi- 
dence tank,  and  then  finishing  off  on  old  pasture. 

8161.  (Colonel  Harding.)  Now,  was  this  treating 
septic  effluent  upon  old  pasture  %—Tiie  next  one  is. 

8168.  But  the  one  you  were  speaking  of  1 — ^No. 

8163.  How  is  it,  it  was  not  septic,  was  the  speed 
faster  than  you  have  told  us.  Was  it  simply  subsidence 
followed  by  land  treatment  ? — It  was. 

8164.  Without  septic  development? — Yes,  to  any 
great  extent. 

8165.  That  is  in  Processes  1  and  2  ?— Yes. 

8166.  (Chairman.)  Process  No.  1,  as  I  understand 
you,  put  it  through  two  open  tanks,  and  then  on  to  the 
•>Id  pasture? — Yes. 

8167.  Then  was  it  septic  treatment? 

8168.  (Colonel  Harding.)  The  rate  would  bring  about 
septic  treatment,  but  ihe  experiment  was  carried  out  for 
•»  short  a  time  that  septic  conditions  would  soaroely 
arise  f — This  process  was  ooutinued  for  22  days  from 


October  20  to  November  10,  1808.  The  old  pasture 
on  which  the  effluent  was  treated  soon  became  some- 
what  fouled,  [Rowing  that  simple  open  detritus  and 
subsidence  tanks  do  not  effect  sufficient  clarification. 
Too  much  sludge  was  also  produced,  the  amount  of 
which  I  will  deal  with  later  on.  Process  No.  2  is  the 
same  as  Process  No.  1,  except  that  the  detritus  tank 
was  dosed,  and  it  was  continued  for  27  days,  but  the 
old  pasture  was  stddl  fouled  in  that  process.  And  then 
going  on  to  the  next  Processes,  10,  11,  12,  and  13,  that 
is  the  olosed  detritus  tank  and  closed  septic  tank,  and 
broad  irrigation  on  grass  land,  which  is  the  very 
important  one  I  want  to  brin£  out.  That  is  10,  11, 
12,  and  13  of  Qroup  1.  In  re{uy  to  that  question,  mj 
object  was  to  endeavour  to  clarify  the  sewage  on  the 
septic  system  before  applying  it  to  the  land  for  final 
purification,  and  the  sewage  was  then  first  passed 
through  the  small  detritus  tank,  and  then  through  the 
septic  tank  proper-^>he  closed  septic  tank,  and  i^en  it 
was  treated  by  broad  irrigation  on  the  land,  the  area 
being  changed  every  wecK. 

8160.  Now,  how  long  was  this  process  carried  on,  my 
object  beinc  to  a8oei4»in  whether  really  septic  condi- 
tions had  lully  developed? — Oh,  yes,  this  was  carried 
on  from'  the  5tli  June  to  the  15th  Octo63?. 

8170.  Four  months?—^  months. 

8171.  Were  you  able  to  notice  in  this  closed  tank 
how  long  it  was  before  the  septic  condition  did  arise?-— 
Oh,  they  began  in  about  three  weeks,  about  from  a  fort- 
night  to  three  weeks,  if  it  is  hot  weather  they  began 
sooner  than  in  the  cold  weather. 

8172.  It  would  only  be  in  tJhe  latter  period  that  you 
would  get  the  full  septic  development? — It  was  offen- 
sive in  the  first  three  weeks,  and  it  was  in  a  highly 
septic  condition  no  doubt ;  we  had  the  fuH  benefit,  I 
do  not  say  the  fullest  benefit,  but  we  had  septic  condi- 
tions in  the  first  three  weeks.  But  what  wo  found  was 
this,  that  it  was  lees  efficient  in  the  latter  period — the 
septic  tank  was — than  it  was  in  the  first  half. 

8173.  In  what  sense  less  efficient? — ^Less  efficient  in 
purification,  and  the  residts  from  the  bacteria  beds  where 
the  effluent  had  gone  on  were  lees  efflcient  during  the 
latter  part  of  the  period  than  they  were  with  the  earlier 
part 

8174.  We  are  not  talking  about  bacteria  beds  now,  are 
we?  We  are  talking  about  septic  effluent  on  land? — 
What  I  mean  to  say  is,  that  the  septic  action  in  the 
tank  was  not  so  efficient  at  the  eiid  of  the  period  as  it 
was  in  the  earlier  part — tihat  is,  for  purification  pur- 
poses. 

8175.  In  the  earlier  part  septic  conditions  would  have 
developed  to  a  less  extent? — ^True. 

8176.  In  the  later  period  there  would  be  more  active 
putrefaction  ? — Yes. 

8177.  And  your  estimate  of  its  efficiency  is  guided  by 
the  analyses  ? — ^That  is  so,  sir.  Certainly  if  you  look  at 
these  tables  you  will  find  'that. 

8178.  Then  are  you  able  to  tell  us  whether  the  off^i- 
siveness  in  connection  witb  the  land  treatment  of  which 
you  had  cause  to  complain  was  greater  at  the  end  of  the 
period  than  at  the  beginning?— It  was  a  little  greater  at 
the  end  than  at  the  beginning. 

8179.  Was  it  marked? — It  was  extremely  marked  at 
the  first  time. 

8180.  Was  the  offensiveness  marked  ? — ^I  do  not  think 
it  was  very  much  more  marked  at  the  end,  but  it  was 
extremely  offensive  right  the  way  from  the  beginning. 

8181.  The  fact  being  that  what  you  had  put  on  the 
land  had  partly  putrefied  ? — ^It  had  very  laiigely  putrefied ; 
chfter  the  first  two  or  three  weeks  it  was  in  a  terrible 
state,  and  it  was  slightly  aggravated  towards  tbe  end  of 
the  period. 

8182  {Professor  Ramsay.)  Were  the  tanks  filling  up 
during  tObis  process  ?  Was  it  not  possible  that  the  tanks 
were  filHng  up,  and  that  the  daily  ^ofw  was  much  more 
rapid  at  the  end  than  at  the  beginning  of  your  experi- 
ments?— They  were  filling  up,  sir. 

8183.  {Colonel  Harding.)  The  offensivenees  would  pro- 
bably be  due  to  the  increasing  putrefaction  ^Yes,  it 
might  be.. 

8184.  If  you  put  perfectly  fresh  sewage  on  land  it  does 
not  ^nk  at  the  moment  of  being  put  on  the  land  ? — ^No. 

8185.  But  if  you  put  ser^rage  wtiich  has  been  allowed 
to  putrefy  in  B&p^c  tanks  on  the  land  it  will  distinctly 
stink  ^— Yes,  and  what  I  would  say  is  this,  the  more 
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you  work  tlie  land  the  more  naisaoce  on  the  land.    Un- 
doubtedly it  was  eo  between  the  i/wo. 

8186.  Up  to  a  certain  point  until  you  reached  the  maxi- 
luum  pntreifactive  oo(ndition? — Well,  we  think  we 
reached  the  maximum  putrefactive  condition  in  4^ 
months,  and  ii  was,  as  I  aay,  even  offensive  at  ihe  latter 
period  than  at  the  beginning. 

8187.  What  yon  want  to  tell  ns  is  that  using  septip 
ei&ueiit  on  land— «uch  septic  effluent  being  in  a  putre- 
factive condition,  you  had  to  complain  of  serious'  bad 
smells  ? — Yes. 

8188.  Tou  gare  it  up  for  that  reason  I — ^What  I  want 
to  say  is  thds,  that  in  my  opinion  you  cazmot  treat  septic 
effluent  on  grass  land  by  broad  irrigation  without  causing 
a  serious  nuisance ;  I  also  want  to  say  that  it  takes  a 
vastly  greater  area  of  land  to  jpurify  a  putrescent  septic 
effluent  than  it  does  to  treat  fresh  sewage.  That  was 
our  experience,  and  so  we  found  that  instead  of  that  sys- 
tem of  clarification  getting  us  out  of  our  trouble  of  having 
Uxy  little  land  it  would  increase  our  trouibles  j  we  should 
be  more  likely  to  want  more  pasture  or  rye  grass  land 
for  ibroad  irrigation  if  we  attempted  to  clarify  by  a 
septic  system. 

8180.  {Chadrman.)  Only  just  one  thing  I  do  not  quite 
understand,  and  that  is  an  observation  that  you  made. 
Tou  said  the  taible  showed  tlhat  the  pefeentage  of  puri- 
fication on  the  crude  sewage  in  suspendied  matters  was 
56*28  after  passing  iduough  the  closed  deitntus  tank,  and 
B3'01  after  passing  through  the  septic  taok? — ^Yee,  my 
lord. 

8100.  Well,  now  I  undeiBtand  you  say  that  purifica- 
tion is  no  use  ? — "So  ;  what  I  mean  .to  say  is  this :  that 
in  suspended  matter  there  was  always  an  improvement 
by  the  septic  tank.  Always  right  thorough,  both  in  sus- 
pended matters  and  in  oxygen  absorbed  and  also  albu- 
luinoid  ammonia  ,there  vras  always  an  improvement  by 
ihe  septic  tank  after  the  detritus  tank ;  but  what  I  mean 
IS  th^t  when  you  put  this  septic  effluent  on  the  land  it 
was  so  highly  ofi'ensive  that  you  had  to  use  a  greater 
area  of  land  for  a  cortam  volume  of  sewage  by  the  septic 
system  than  you  did  by  the  clarifying  ibedCs. 

8101.  Oh,  yes ;  but  the  clarifying  beds  are  filtration  ? 
—Yes. 

8102.  But  did  I  understand  you  to  sai  just  now  in 
answer  to  Colonel  Harding  that  you  had  to  use  more 
kmd  for  the  septic  effluent  than  you  didi  for  the  crude 
sewage  ? — ^Yes,  we  did  actually  that — that  is  the  point. 

8103.  (Sir  Michael  Fosier.)  Tou  poured  a  certain 
quantity  of  your  crude  sewage  on  a  certain  area  of  the 
land,  and  what  little  smell  there  was  very  soon  went 
away? — ^With  the  crude,  yes,  sir. 

8104.  With  the  crudo ;  but  you  found  when  you  used 
the  material  from  the  septic  tank  that  if  you  put  the 
same  quantity  over  the  same  extent  of  land  it  was  very 
offensive ;  if  you  put  it  over  a  larger  quantity  of  land 
the  smell  disappeared  fairly  rapddlly,  so  that  it  did  not 
beoome  a  nuisance? — Is  that  the  septic? 

8105.  Yes? — No,  unfortunately  the  nuisance  went  on 
everywheore  and  all  over  it. 

8106.  But  you  etaid  you  required  more  land? — Yes, 
you  do,  sir;  you  require  more  land  to  get  it  purified, 
but  if  you  start  and  put  the  crude  sewage  on  the  first 
plot  of  land,  you  will  get  a  small  amount  of  nuisance 
from  crude  sewage,  put  it  on  the  second  plot  you  will 
not  get  so  mudi  from  that;  the  third  plot  you  will 
practically  get  none  of  it — ^that  is,  with  crude  sewage 
after  it  has  just  passed  through  an  ordinary  subsi- 
dence lank.  Now  what  happens  with  the  septic  ef- 
fluent 7  It  was  extremely  offensive  on  the  first,  second, 
amd  third  plots. 

8107.  You  melan  using  your  .inteoccepting  drams? — 
Yes. 

8108.  On  the  top  of  the  first  plot,  and  then  take  it 
from  the  top  of  the  second  and  the  top  of  the  third? — 
It  was  offensive  on  aU  three  of  them.  It  was  not  quite 
so  (tensive  on  the  second  as  the  first,  not  quite  so  offen- 
sive on  the  third  as  on  the  others ;  but  it  was  still  offen- 
sive, and  what  is  worst — ^now  in  reply  to  the  Ohairmaji 
— WQ  did  not  get  so  much  purification  out  of  the  land 
with  the  septic  effluent  as  we  did  with  the  CTude  effluent. 

8100.  {Cclond  Harding.)  You  did  not  find  ite  septic 
or  anaerobic  treatment  as  a  first  process  assist  the 
treatment  on  land  at  all,  or  the  contrary?— It  was 
the  contrary,  sir. 

8200.  (Chairma/n.)  There  is  one  question  I  should  like 
to  ask,  please.    Eefore  you  began  tnese  experiments,  ell 
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yuur  sewage,  as  I  understand,  went  into  detritus  tanks  ?    Mr.  B,  o. 
— ^Yes,  my  lord.  '  yatebey. 

8201.  Before  it  went  on  to  the  land  ?— Yes.  7  Mar.  iMi, 

8202.  Q!hen  it  went  on  to  arable  land  ? — ^Yes. 

8203.  Then  what  is  the  difference  between  your  old 
detritus  tank  and  these  new  tanks  which  you  put  up 
when  you  began  yom:  experiments  ? — There  is  very  litiJe 
difference.  In  the  first  detritus  tank  it  is  exactly  tbe 
same  principle,  an     open  tank  through,  part  of  the  ex- 

geriments,  but  we  afterwards  dlosed  it,  covered  it  over. 
>ut  then,  in  addition  to  this  first  detritus  tank,  ^ou  see 
we  had  a  long  second  tank  for  a  second  subsidence,  and 
then  after^-ards  we  dovered  that  over  and  turned  it  into 
a  septic  tank  proper,  so  that  was  the  difference  between 
the  experiments  and  the  normal  treatment  of  the  sewage. 

8204.  But  then  you  made  the  sewage  go  through  two 
tanks  instead  of  one,  that  is  the  only  difference? — In 
part  of  the  experiments,  yes. 

8205.  And  by  making  it  go  through  the  second  tank 
you  made  it  more  offensive  than  it  was? — Certainly, 
when  the  tank  was  under  septic  conditions,  sjid  under 
CiOver  it,  the  effluent  was  more  difficult  to  treat,  and  I 
want  to  emphasise  this  very  much  that  if  you  had 
passed  it  through  the  second  tank  after  that  tank  was 
made  into  a  septic  tank  proper  you  made  it  possibly 
more  diffleult  to  purify  it  on  the  land  than  you  did 
when  you  sent  it  from  the  first  small  detritus  tank 
on  to  the  land. 

8206.  And  when  it  went  through  the  second  tank  it 
went  through  the  second  tank  first  when  it  was  open, 
and  afterwaids  when  it  was  closed  ? — Yes. 

8207.  Was  it  worse  when  it  was  closed  than  when  it 
was  open  ? — ^Yes,  it  was. 

8208.  But  even  when  it  was  open  the  second  tank  had 
the  effect  of  making  it  worse? — ^Yes,  Sir,  rather  more 
offensive. 

8209.  (Sir  Michael  iFosief.)  I  understand  that  the 
material  frcm  your  septic  tank  in  the  third  plot 
was  not  only  still  offensive,  but  when  you  examined  the 
effluent  from  that  third  plot  you  found  that  chemically 
it  was  less  pure  than  the  effluent  from  the  crude  sewage 
treated  in  the  same  way  ? — It  was.  Sir. 

8210.  What  difference  was  there?— You  will  find  that 
in  the  tables,  Sir,  Process  15, 1  think  it  was. 

8211.  (Chairman,)  1  do  not  see  in  those  experiments 
that  you  brought  on  to  the  arable  land  at  all  your 
effluent  from  the  septic  tank  ? — No,  we  did  not,  my  Lord. 

6212.  Then  is  the  comparison  fair*— Well,  you 
see  what  we  want  to  do  now  ;  we  want  to  get  rid  of  this 
great  area  of  uncropped  arable  land,  because  it  is  so  ex- 
tremely costly  to  cultivate  being  clay  land,  and  it  is  also 
unproductive — a  great  area — so  our  object  is  to  seed 
down  other  land,  and  to  be  able  to  clarify  the  sewage  so 
that  then  it  can  go  straight  on  to  old  pasture  or  rye 
gziass  withoiit  having  a  lot  of  land  uncropped. 

8213.  It  is  quite  fair  to  say  that  the  two  tanks  do  not 
satisfy  you,  but  I  do  not  see  how  you  can  compare  your 
crude  sewage  and  your  septic  effluent  if  you  pass  one 
through  arable  land  and  you  do  not  pass  the  other? — 
You  mean  to  say  that  if  they  had  passed  the  septic 
effluent  through  some  arable  land  before  it  went  on  to 
the  pasture. 

8214.  (Sir  Michael  Foster.)  If  you  want  to  get  a  com- 
parison you  ought  to  have  done  with  your  septic  effluent 
what  you  did  with  your  crude  sewage,  if  you  want  to 
compare  the  two  ?  The  Chairman  is  right  in  this  respect 
that  when  we  are  treating  normally  the  sewage  of  the 
farm  we  send  it  over  a  plot  of  arable  land,  and  then  we 
send  it  over  one  or  two  plots  of  pasture  after  having  put 
it  through  an  ordinary  detritus  tank.  Now  you  say  that 
in  those  experiments  you  sent  it  from  the  septic  tank 
straight  on  to  the  old  pasture  without  putting  it  over  an 
arable  plot  of  land? —Yes,  but  I  can  carry  that  a  bit 
further  because  whenever  we  are  tied  up  in  agricultural 
operations  we  often  do  have  to  send  the  crude  sewage 
straight  on  to  grass  land.  We  do  not  do  it  if  we  can 
help  it,  but  we  very  often  have  to  do  it,  and  there  again 
we  find  that  it  is  quicker  treated  and  more  effectively 
treated  by  sending  it  straight  on  to  the  plots  of  pasture 
than  it  is  when  you  send  the  septic  effluent  on  to  the 
rye  grass  or  pasture. 

8215.  (Major-General  Carey,)  And  there  is  no  nui- 
sance when  it  is  applied  to  grass  land? — There  is  just 
a  little  nuisaaice  at  times  with  broad  irrigation  in  the 
ordinary  way. 
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Mr,  js.  G.       8216.  But  not  to  be  compared  to  the  septic  ? — Not  to 
Jfowftgy.    \yQ  compared,  absolutely  not. 

7  Mar.  1901.  8217.  (Professor  Bamsay.)  Is  it  true  that  your  sewage 
stays  24  hours  in  the  septic  tank  ? — ^Very  nearly,  but  not 
quite  because  we  treated  it  from  1  to  1  j^  times  its  volume 
so  it  was  rather  less  than  the  24  hours. 

8218.  I  wondered  if  the  septic  conditions  had  only 
been  half  induced  and  that  the  septic  fermentation  went 
on  on  the  fields? — I  quite  believe  that  they  were  pro- 
perly induced  for  this  reason,  that  whilst  it  works  out 
at  about  1^  times  its  capacity  the  volume  that  we  treated 
per  day  through  it — ^we  have  had  week  end  rests  every 
week  which  I  had  not  taken  into  consideration,  and 
every  week  it  had  a  week  end's  rest  for  putrefaction  to 
go  on  when  it  was  standing  full. 

8219.  (Colonel  Harding.)  And  that  no  doubt  would 
actively  develop  the  septic  conditions? — ^It  did  very 
much  so.  I  have  only  calculated  actual  working  days 
and  hours  in  taking  this  1^. 

8220.  And  if  you  had  the  sewage  to  treat  on  grass 
land  you  would  have  preferred  to  tf^e  it  direct  from  the 
detritus  tank  to  the  land  rather  than  pass  through  this 
septic  ifioak.  That  is  what  you  want  to  tell  us  ^— Yes, 
it  is ;  but  I  should  like  to  tell  the  Chairman  one 
other  obser>'ation.  It  appears  to  me,  vdth  great  respect, 
that  whiat  you  are  trying  to  ascertain  is  whether  if  this 
septic  effluent  had  ^ot  into  actual  contact  with  the 
soil,  as  the  sewage  did,  under  normal  conditions,  there 
would  have  been  that  nuisance  from  the  septic  effluent. 
Well,  yes,  there  would,  for  this  reaaon,  that  you  will 
find  in  one  of  my  replies  on  thie  question  that  the 
effluent  which  ibad  passed  through  the  top  foot  of  soil 
and  worked  its  way  through  the  drain  trenches  down 
into  the  sabdrains  and  discharged  out  again  on  to  the 
land,  thereby  having  had,  of  course,  actual  contact 
with  the  flOil  twice  over,  was  extremelv  offensive  when 
it  came  out  of  the  drains.  Now,  if  filtration  through 
soil  would'  have  taken  away  that  offensivenesSf^or  in 
other  words  had  it  converted  thait  anaerobic  condition 
into  an  aerobic  condition,  it  would  have  done  it  by  pas- 
sing through  the  land.  I  am  afraid  that  filtering  of 
septic  effluent  through  soil,  unless  it  is  very  extensive 
filtration  indeed — ^well,  in  a  very  advanced  stage  of 
septic  action — will  not  give  very  good'  septic  results. 
That  is  AJhe  point  I  want  to  bring  out. 

8221.  You  prefer  to  confine  the  treatment  to  aerobic 
action? — Not  absolutely  confine  it.  Sir,  but  we  get,  of 
course,  in  our  mile  and  a  half  of  rising  mains  a  certain 
amount  of  septic  action. 

8222.  Which  you  cannot  avoid  ? — No,  Sir,  having  got 
a  little  septic  action  previously  in  the  sewers,  and  when 
wo  put  it  through  our  detritus  taoik  (and  I  am  recom- 
mending a  large  capacity  of  detritus  tanksi),  you  get 
further  septic  action,  but  what  we  find  is  this,  tiiafc  it 
is  better,  instead  of  letting  it  get  into  an  advanced 
anaerobic  condition  before  you  put  it  on  to  the  land,  to 
stop  at  a  moderate  anaerobic  stage  and  then 
put  it  on  to  the  land  at  that  stage,  than 
to  allow  it  to  get  ^so  advanced'  before  you  put 
it  on.  The  same  thing  applies>  in  the  beds.  It  is 
a  curious  thing,  but  when  we  send  the  sewage  straight 
into  a  first  contact  bed  from  the  detritus  tank  without 
that  septic  tank  we  get  even  a  better  result  from  the 
lirst  contact  bed  than  we  do  when  we  send  it  through 
the  septic  tank  as  well  as  the  detritus  tank  before  we 
put  it  through  that  bed. 

8223.  (Chairman,)  In  your  Processes  10  to  13,  was  it 
your  object  to  endeavour  to  clarify  sewage  on  the  septic 
system  before  applying  it  to  the  grass  land  for  final 
purification  ? — That  was  so.  The  sewage  was  first  passed 
through  the  small  detritus  tank,  then  &rough  the  closed 
septic  tank,  and  then  treated  by  broad  irrigation  on  the 
land,  the  area  being  changed  every  week. 

8224.  Then  will  you  proceed  to  describe  the  second 
group  of  processes? — The  second  group  of  experiments 
deals  with  clarification  in  open  and  closed  detritus  tanks 
and  first  contact  bacteria  beds  with  final  purification  by 
broad  irrigation.  Process  5  was  continued  71  days  on 
this  principle. 

8225.  (CoUmd  Harding.)  It  is  necessary  before  you 
tell  us  anything  about  the  results  of  this  second  eroup 
of  experiments  to  tell  us  whether  this  is  an  experiment 
consisting  first  of  a  septic  tank  following  a  detritus  tank, 
and  then  a  contact  bed,  and  then  land?— Yes.  that  is  it. 
Sir. 

8226.  Then  it  only  lasted  71  days  ?— That  particular 
one,  yes. 


8227.  The  septic  tank  was  in  septic  condition  when 
the  experiment  began? — That  waa  F^rocesa  5,  was 
it  not  ?  If  you  will  pardon  me  this  is  not  the  septic, 
this  is  the  open. 

8228.  Is  it  simple  subsidence  followed  by  contact  bed 
and  land,  or  is  it  septic  followed  by  contact  bed  and 
land  ? — Oh !  no,  it  is  subsidence. 

8229.  (Sir  Michael  Foster.)  Does  not  that  mean  an 
open  septic  tank  ? — Yes,  it  does  ;  it  is  open,  you  know. 

8230.  Its  being  open  or  not  does  not  seriously  affect 
its  being  a  septic  tank,  does  it  ? — ^It  is  a  septic  tank. 

8231.  (Colonel  Harding.)  Had  the  septic  conditions 
fully  developed  in  this  open  septic  tank  when  the  ex- 
periments began? — ^Not  when  they  first  b^gan. 

8232.  At  first  it  was  merely  an  ordinary  subsidence? 
— Ordinary  subsidence.  We  found  in  about  a  fortnight 
it  became  extremely  offensive,  and  in  three  weeks  to  a 
month  the  anaerobic  action  was  very  marked,  and  it 
went  on  then,  as  you  see,  for  the  period  mentioned — 71 
days. 

8233.  And  in  this  experiment  in  the  early  part  of  it 
we  had  to  deal  with  mere  subsidence,  and  in  the  later 
part  of  it  we  have  to  deal  with  some  septic  development  ? 
— ^You  do.  Sir. 

8234.  (Frofeuor  Bamsay.)  Would  yon  describe  the 
product  of  a  saptic  tank  as  extremely  offensive.  Is  that 
the  normal  action  of  a  septic  tank? — ^The  ones  I  have 
seen  I  think  are  not  what  you  might  call  offensive. 

8234*.  Does  it  depend  on  the  kind  of  reifuse  that  you 
have  that  you  are  turning  into  the  tank,  ordinary 
domestic  sewage  and  ordinary  trade  effluent? — I  do  not 
think  one  could  describe  the  ordinary  liquid  of  towns 
from  the  septic  tank  as  always  extremely  offenaive. 

(Sir  Michael  Foster.)  Colonel  Harding's  experience  is 
there  is  occasionally  a  bad  smell. 

8235.  (Colonel  Harding.)  We  have  not  found  at  Leeds 
any  serious  nuisance  arise  from  septic  tank  effluents 
where  septic  conditions  have  fully  developed  ? — We  have 
found  the  reverse.  It  has  been  extremely  offensive  and 
more  offensive  when  the  septic  conditions  are  ripe  than 
it  was  even  at  the  earlier  stages. 

8236.  (Sir  Michael  Foster.)  This  particular  experi- 
ment would  hardly  develop  them  because  it  was  only 
carried  on  a  little  more  than  two  months  ? — ^True. 

three   imx>ortant   experi- 

Mawbey  will  explain  the 

successes ;  failures  we  do 


(Mr.  Killick.)  There  were 
ments,  7,  14,  and  17 ;  if  Mr. 
difference  between  his  three 
not  want  to  go  into. 

(Sir  Michael  Foster.)  Is  it 
point  the  absence  of  baa  smell 


not  rather  an  interesting 
from  the  subsidence  tank  ? 


(Mr.  KiUiek.)  That  will  come  out  from  the  comparison 
of  the  three  with  the  final  effluent. 

(Sir  Michad  Foster.)  It  rather  eeems  to  indicate  that 
tbore  was  something  in  the  nature  of  the  Leicester 
sewage  which  led  to  these  offenaive  amells. 

(Cdonel  Harding.)  It  might  be. 

8237.  (Professor  Bamsay.)  The  fellmongering  ?— Of 
course,  there  is  not  a  great  lot  of  that,  the  fellmongering 
sewage. 

8238.  (Cdlond  Harding.)  That  is,  of  course,  very  foul  ? 
— ^Yes,  it  is.  The  dye  works  are  the  predominant  trade. 
I  will  tell  you  what  we  have  got,  Sir.  Fellmongering, 
there  is  only  about  1,000  gallons  a  day  goes  out ;  there 
is  a  great  deal  of  wool  washing  you  know  that  is 
offensive,  and  a  large  quantity  from  dye  works,  but  that 
is  not  so  offensive. 

8239.  If  I  may  be  allowed  to  point  out  I  think  the 
X)Osition  is  this,  that  your  first  experiment  was  an  ex> 
periment  with  iteptic  tank  effluent  on  land,  which  yon 
gave  up  for  reasons  that  you  fully  explain  ? — That  is  it. 

6240.  Next  jou  passed  septic  tank  effluent  in 
more  or  less  septic  condition,  for  a  short  period,  only 
two  months,  over  a  contact  bed,  and  then  on  land  ;  is 
not  that  so  ? — ^Yes.  Oh !  we  passed  it  for  a  long  time. 
You  see  we  passed  it  from  the  1st  of  June. 

8241.  You  said  71  days,  did  you  not  ? — ^It  is  not  septic 
action  ;  you  are  on  this  process  where  it  is  an  open  sub- 
sidence tank — call  it  septic  if  you  like,  ot  course ;  but 
if  you  ie^ie  the  covered  septic  case  it  ifi>  different  You 
see  this  is  where  we  began ;  this  line  is  a  septic  tank, 
this  black  and  green  (indicating  on  cartoon). 

8242.  Have  you  an  experiment  where  you  put  the 
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septic  tank  effluent  nx>on  a  contact  bed  and  then  upon 
the  land  ? — ^Yes. 

8243.  Will  you  tell  us  what  the  result  was  you  ob- 
tained ;  did  it  minimise  the  objection  as  to  offensive- 
ness  7 — ^Yes. 

8244.  And  did  you  get  analytical  results  from  the  final 
filtrate  after  i>as8ing  through  the  land  which  were  satis- 
factory ? — ^Yes,  but  what  I  want  to  bring  out  is  this,  that 
when  we  put  this  septic  effluent  through  a  bed  and  then 
on  to  the  land  it  was  no  better  than  when  we  put  it 
straight  from  the  detritoiy  tarks  on  to  the  lano.  Li 
our  experiments  for  clarification  before  putting  the 
sewage  on  to  the  land  we  were  no  better  off  by  using  a 
septic  tank  in  addition  to  the  detritus  tank  before  we 
put  it  through  the  first  contact  bed. 

8246.  That  is  in  harmony  with  what  you  found  in  con- 
nection with  land  that  the  anaerobic  treatment  did  not 
facilitate  Uie  subsequent  aerobic  7 — ^It  did  not,  Sir  ;  it 
was  not  any  improvement  whatever ;  we  had  the  most 
efficient  clarification  without  it.  It  was  always  better 
when  it  came  out  of  the  second  contact  bed  both  in 
albuminoid  ammonia  and  in  azygen  absorbed.  It  was 
not  otnly  better  than  the  comx)ilete  septic  effluent,  but 
it  was  better  than  when  the  seiptic  tank  had  been  used 
aa  well  as  the  first  contsct  bed,  so  we  found  it  no  ad- 
vantage whatever  in  our  clarification  scheme,  having 
liie  septic  tank  in  addition  to  the  first  contact  bacteria 
bed. 

8246.  (Chairman,)  Am  I  ri^ht  in  this:  you  found 
your  best  effluent  came  after  it  had  passed  through  a 
closed  detritus  tank,  and  then  gone  on  to  the  first  con- 
tact bed  ? — ^Yes,  my  Lord,  and  uien  on  to  old  pasture. 

8247-9.  And  then  on  to  the  land  ?-~Ye9. 

8250.  (Mr.  KiUick.)  I  understand  vou  to  say  that  you 
have  a  long  length  of  sewers,  and  there  was  septic 
action  in  the  sewage  as  delivered  at  the  detritus  tank? 
— There  ie  a  little,  but  it  ie  not  so  very  much;  it 
is  not  very  long.  Sir  ;  we  do  not  happen  to  have  a  very 
long  outfall. 

8251.  (Colond  Hcbrding.)  In  effect  it  is  putting  fresh 
sewage  minus  grit  on  a  contact  bed,  and  then  finishing 
up  on  land? — ^Yes,  il  was  slightly  septic,  but  nothing 
to  speak  of,  nothing  to  say  much  about. 

8252.  Then  you  proceeded,  did  you  not,  to  try  the 
sewage  passing  through  the  detritus  tank,  only  on  to  a 
contact  bed,  and  then  on  to  the  land  7 — ^Yes,  with  the 
most  successful  results  of  any. 

8253.  Very  well,  would  you  give  us  them? — ^We 
started  doing  that  here  ;  we  started  on  the  Ist  Septem- 
ber, and  put  the  sewage  from  that  tank  through  a  bed, 
and  then  through  land,  and  we  carried  it  through  the 
whole  of  the  experiments,  and  the  result  of  the  whole 
thing  is  thie,  that  taking  tibe  albuminoid  am- 
monia, the  average  lof  all  those  months,  in 
fact  right  clean  through  the  experiments',  the 
average  was  that  in  albuminoid  ammonia  we  got  86 
per  cent,  of  purification  from  the  crude  in  this  No.  7 
process,  and  we  got  91  per  cent,  of  oxygen  absorbed ; 
in  fact,  it  was  at  once,  in  a  word,  the  most  successful  of 
all  the  clarifying  systems  to  send  it  through  a  closed 
detritus  tank,  and  then  on  to  a  contact  bed,  and 
then  on  to  the  land.  Now  what  happened  was,  we 
iLever  had  the  slightest  nuieance  nor  any  fouling  of 
the  g^ass  excepting  for  a  diatance  of  about  12  yards 
from  the  top  feeding  grip  when  we  treated  sewage 
which  had  only  passed  through  the  detritus  tank  and 
the  first  contact  bed. 

8254.  We  may  take  it  there  would  be  septic  action  on 
the  way  to  the  works  ?— Yes,  a  little. 

8255.  But  apart  from  that  it  is  as  I  say  ? — ^Yes. 

8256.  And  the  results  were  satisfactory? — ^Yes. 

8257.  (Chairman.)  Have  you  tried  putting  it  through 
the  second  contact  bed  as  well  as  the  first  7 — Yes. 

8258.  Now  does  that  improve  it  7 — ^Yes,  that  is  Process 
No.  14.  I  will  show  you  the  difference.  When  you 
have  fioi^ished  it  en  old  pasture  you  have  got  an 
average  of  86  per  cent,  of  purification,  and  when  instead 
of  putting  it  on  to  old  pasture  you  put  it  through  a 
second  contact  bed  you  got  83  x>er  cent.,  so  that  the 
double  contact  bed  treatment  is  not  quite  so  good  as  the 
single  contact  and  the  land.  Tbe  same  thing  bears  out 
in  oxygen  absorbed  whereaa  single  oocitact  bed  and  laad 
gives  you  91  per  cent,  of  improvement  the  double  con- 
tact gave  you  90  per  cent.  Then  might  I  go  on  to  aay 
that  we  also  went  to  a  third*  contact  bed. 

1213. 


8259.  You  went  on  to  a  third  contact  bed  7 — We  also  Mr.  b.  Q. 
carried  on  .experiments  with  a  third  contact  bed.  Mawbey. 

8260.  (Mr.  Power.)  Your  '* single  contact  and  land"  7  Mar.  igoi. 
meant  three  times  applied  to  land  after  passing  the 
bacteria  bed? — ^No. 

8261.  Not  to  three  separate  plots  7~That  is  in  the 
normal  treatment  ol  the  farm  what  we  do  now,  but 
with  only  one  exception,  we  never  put  it  over  more 
than  one  plot  of  dand  througfiout  these  experiments. 
That  is  a  very  important  answer,  if  you  will  allow 
me  to  aay  so. 

8262.  (Sir  Miehad  Foster.)  You  mean  to  say  you  have 
got  with  your  oontaot  beds  wiidi  one  plot  of  land  aa 
m^uch  improvement  as  you  get  wdth  the  UaoA  with  three  9 
— ^With  three.  Yes,  No.  17  process  is  the  three  con- 
tacts, and  the  puri&sation  wias  86*74  per  cent. ;  that  is 
the  average  over  all  the  analyses  taken,  whereas  the 
first  contact  and  the  land  was  86*76.  You  see  there  is 
no  difference.  Then  oxygen  absorbed,  from  crude 
Dewage ;  there  is  a  purification  in  the  one  oontact  and 
the  land  of  91*08,  and  in  the  three  contacts  we  get 
91*32,  so  shortly  it  is  this  that  the  detritus  tank,  the 
first  contact,  and  the  application  to  one  plot  of  old 
pasture  is  equal  to  the  detritus  tank  and  three  con- 
tacts and  superior  to  the  detritus  tank  and  two  con- 
tacts. 

6263.  (Major-Oen^ral  Carey.)  In  the  last  experiments 
of  douible  oontaot  beds  were  you  putting  the  aame 
volume  of  sewage  in  proportion  per  acre  as  you  were  in 
the  original  broad  irrigation  treatment  7— -On  to  the 
land  7 

6264.  On  to  the  land ;  was  it  the  same  propoitiLon  7 — 
No,  greatly  more,  sir.  When  we  put  the  effluent  from 
the  contact  beds  on  to  the  land  we  put  it  on  at  the  rate 
of  1,000,000  galilons  per  24  acres  in  uoe  at  one  time, 
whereas  with  broad  irrigation  without  any  clarification 
it  always  took  about  50  to  54  acres'  of  land  in  use  at  one 
time  per  1,000,000  gallons.  In  addition  to  that  you 
must  of  course  know  that  when  I  say  "in  use  at  one 
time,''  you  have  got  to  have  for  the  treatment  four  to 
five  times  those  areas,  so  that  you  can  have  plenty  of 
land  in  rest.  In  other  words,  that  taking  tbe  24  acres 
per  1,000,000  gallons  in  use  at  one  time  with  a  clarified 
effluent  from  the  first  oontact  bed  you  ought  to  have  at 
least  four  times  that,  because  of  rest  and  cropping. 
The  same  thing  applies  to  the  broad  irrigation  without 
clarification,  yoa  ougjixt  to  have  four  or  fifve  times  the 
50  acres  per  1,000,000  gallons.  But  I  mdght  say  one 
word  in  reply  to  that.  What  we  find  is  this,  that  with 
the  detritus  tank  and  the  first  contact  bed  for  ctlarifioa- 
tion  we  can  treat  from  two  to  three  times,  I  should  say 
quite  three  times  as  much  sewage  on  the  land  as  you 
can  without  this  system  of  clarification.  That  is  the 
result  of  our  experiments. 

8266.  (CAatrman.)  You  will  no  doubt  hand  in  all 
^our  analyses? — ^Yes,  I  will. 

8266i  I  should  like  just  to  know  what  you  have  lound 
about  the  question  of  sludge?— Taking  a  detritus  tank 
from  September  1st  to  Novemlber  10th,  we  emptied  this 
tank  four  times,  or  an  average  of  about  onoe  m  two  to 
two  and  a^half  weeks,  and  in  that  detritus  tank  we  pro- 
duced  an  average  of  8'2Q  tons  of  sltNtee  per  1,000,000 
gallons.  We  reduced  everything  to  90  per  cent,  of 
water,  so  that  makes  it  to  the  standard  9*53  tons  per 
1,000,000  gallons  in  the  detritus  tank. 

8267.  Was  the  detritus  tank  open  or  olosed  at  that 
time?-r'It  was  open  then. 

8266.  (Colonel  Harding.)  This  eight  tons  per  1,000,000 
gallons  is  mere  mineral  matter  7— Well,  I  think  there 
is  some  organic  and  light  stuff  in  it  as  well. 

8269.  GRie  amount  of  it  is  so  small  that  it  wotQd  only 
consist  of  the  grosser  solids?— It  is  the  grosser  solids. 

8270.  Bight  tons  per  1,000,000  gallons  is  very  little. 
One  may  say  the  bulk  of  the  suspended  matter  went 
forward  on  to  the  beds,  went  on  to  the  land  ? — ^Yes,  a 
very  great  deal  of  it  did,  yes. 

8271.  (Chairman,)  llien  was  the  tank  oksed  after 
that  time  7 — It  was. 

8272.  And  when  was  it  next  emptied? — ^Then  we 
worked  it  for  90  days  without  emptying,  and  the  sludge 
produced  in  that  time  wee  6*21  jton*  per  ll„000,000 
gallons,  90  per  c«it.  of  water. 

8273.  Then  that  was  less  than  when  it  was  open? — 


8274.  And  you  left  it  a  much  longer  period  then  with- 
out cleaning  it?— We  did. 
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Mr.  E  G.       8275.  TfageoQ  when  did  you  next  edear  out  the  sludge  7 — 

Uatobey,    ^ter  a  further  151  working  day<8,  and  the  jield  ol  the 

7  Mar.  1901.  kludge  during  tibat  period  wae  2*32  tons  per  1,000,000 

gallone  at  90  per  cent,  of  water.    Then  we  went  on, 

and  worked  it  for  22  days,  and  it  produced  6*70  tons, 
at  00  per  cent,  of  water. 

8276.  Then*  would  not  jour  experience  be  ibait  the 
longer  you  left  it  wdthout  emptying  the  leas  eludge  it 
would  produce? — Thait  would  be  so. 

8277.  {Cdond  Harding.)  Wh>at  would  that  be  doe  toY 
— This  is  the  reeison,  sir.  I  think  the  small  quantity  of 
sludge  prodticed  in  this  tank  during  the  two  periods^ 
■hat  is  the  first  two  long  periods,  was  'largely  aco  anted 
for  by  the  very  long  periods  that  this  closed  tank  was 
used  withoiut  emptying,  because  we  found  that  when 
this  sludge  in  the  tank  had  reached  a  considerable 
height,  the  whole  contents  of  the  tank  were  thick,  and  a 
good  deal  of  the  solid  matter  floated  out  in  large  lumps. 

8278.  In  other  words,  the  tank  emptied  itself  ? — ^Yes, 
it  emptied  itself,  the  whole  mass  bein  gin  a  violent 
state  of  fermentation^  Although  not  as  much  sludge  was 
found  in  the  detritus  tanks  in  the  lon^  periods  you 
found  it  in  itiie  septic  tank,  it  works  itself  off,  and  you 
will  see  that  taking  the  two  together  there  was  about 
the  some  quantity  of  sludge  produced  in  the  two  as 
tSiere  was  ini  the  detritus  ^nk  when  often  emptied. 

8279.  (Chairman.)  Will  you  just  give  us  your  experi- 
ence of  the  sludge  in  your  open  sulxaidence  tank  ? — ^The 
open  subsidence  tank,  the  long  one,  was  emptied  sifter 
10  days'  work,  and  the  yield  at  90  per  cent,  of  water 
was  4'46  tons  per  1,000,000  gallons.  It  was  them  used 
f'?r  72  working  days,  when  it  was  foand  that  the  sludge 
equalled  aibout  two  tons  at  90  per  cent.  As  with  the 
detritus  tank,  the  longer  the  working  period  the  smaller 
IS  <tiie  quantity. 

8280.  {CoUmd  Harding.)  For  the  same  reoiscn? — ^For 
the  same  reason,  but  jon  find  it  in  the  two  together, 
you  get  about  the  same  quantity.  We  found  that  after 
working  the  closed  septic  tank  for  4^  months  without 
emptying,  from  June  to  October,  the  yueld  in  this  period 
was  seven  tons  j^er  1,000,000  gad  lone,  at  90  per  cent,  of 
water,  and  then  the  amount  of  sludge  produced  in  the 
closed  detritus  tank  and  the  septic  tank,  taken  together, 
amounted  to  10'B4  tons  per  1,000,000  gallons,  at  90  i>er 
cent,  water,  so  that  you  seem  to  produce  this  10  or  11 
tons  of  sludge  per  1,000,000  gallons  at  90  per  cent,  of 
water,  whether  you  get  it  by  cleaning  out  the  detritus 
tank  often  or  whetiher  yx>u  let  them  work  on  and  catch 
it  in  the  two  togeiAier. 

8261.  (Chairman.)  Oould  you  give  us  any  informiatioQ 
about  the  water  capacity  of  your  bactenLal  beds  t — I  have 
prepared  a  table,  which  I  will  hand  in,  from  which  you 
will  see  that  the  water  capacity,  whicii  was  meaeured 
on  the  24th  of  September,  1898,  after  about  a  month's 
working,  waa  61,865  gallons,  which  equals  49*54  per 
cenli.  yof  the  total  dinJcer  and'  water  capacity,  but 
taking  it  after  they  had  got  into  use  there  was  50  p^ 
cent,  of  water  capacity,  and  when  we  worked  it  for 
nearly  four  months  the  water  oapaoaty  came  down  to  36 
per  cant.,  and  then  when  we  worked  it  a  further  seven 
months,  and  after  3^^  days^  rest,  it  was  34*22  per  cent,  of 
the  totail  capacity,  and  then  a  month  later,  after  the 
beds  had  finished  working  altogether,  we  found  that  it 
was  29  per  cent. 

G262.  Did  you  find  that  the  efficiency  of  the  beds  in- 
creased  with  time  or  otherwise? — Well,  that  is  a 
ntrange  thssig,  my  lord,  we  did  not.  You  will  find  if 
you  examine  those  tables  that  the  efficiency  of  those 
'  beds,  both  for  suspended  matter  and  chemical, 
wa«  no  (better  in  the  last  period-  of  the  time  iiian 
in  the  first  period ;  they  were  ju»t  about  equal. 
There  was  no  improvement,  and  in  fact  I  should  be 
rather  inclined  to  think  that  unless  they  had  very 
ample  rest  they  would  be  more  likely  to  slightly  de- 
teriorate than  improve.     They  did  not  improve. 

8283.  (Sir  Michad  Foster.)  You  said  something  about 
a  case  of  anthrax  upon  your  farm,  did  you  not  7-~Yee,  I 
did. 

8284.  Can  you  tell  one  the  history  of  that? — I  oould 
get  that  for  you ;  I  oould  not  give  you  the  history. 

8285.  Was  it  one  case  of  anthrax  or  more  than  one? 
— I  think  we  only  had  one  esse ;  it  was  reported  to  the 
Committee ;  I  do  noi  tliink  we  had  more  than  one  case. 

8286.  OouJd  you  trace  the  contagion  in  any  way?—'! 
oould  get  that  out  for  you,  air ;  I  Sid  not  investigate  it 
myself. 

8287.  Was  it  investigated  at  all T— Yes,  it  was;  I 


know  we  investigated  it ;  we  had  a  veteriiMury  surgeon 
who  investigated  it  for  ua. 

6288.  You  do  not  know  what  conclusion  he  arrived 
at? — It  was  some  years  ago;  I  am  not  acmiainted  with 
that. 

8289.  Some   years   ago? — Some   yean   a^^;  nothing 

lately. 

8200.  Nothing  lately  ?— No,  air. 

8291.  ECave  there  been  any  suspected  hides  >n  th« 
tanners'  factory? — There  was  some  ausraicion  of  that 
sort,  but  I  should  onlv  be  trying  to  make  the  case  up 
or  guess  if  I  attednpted  to  give  you  the  infomwtnoii.  1 
will  get  it  up  for  you. 

8292.  It  would  be  rather  desirable  to  get  that  know- 
ledge whether  any  of  the  anthrax  on  tihe  farm  could 
hiive  been  traced  to  the  sewage.  You  have  curriers*  re- 
fuse in  the  sewage,  and  I  should  like  to  know  whether 
possibly  infected  hides  used  by  the  currier  gave  rise  tj 
anthrax  in  the  sewage,  and  so  to  anthrax  on  the  farm  ? 
— I  did  not  quite  finish  that  ajiswer  about  the  capacity 
of  the  beds.  I  should  like  to  put  it  in  a  aimple  state- 
ment to  this  effect,  that  after  we  had  got  a  st«rt  with 
our  beds  we  had  50  per  cent,  of  water  capacity  and  at  the 
end,  after  a  littde  rest,  after  eill  the  experiments  were 
done  we  had  33  per  cent,  capacity,  or  one-third.  The 
water  capacity  was  reduced  from  a  half,  you  see,  to  a 
third,  as  the  result  of  the  whole  thing. 

8293.  {Professor  Bamsay.)  You  settle  your  sewage,  do 
you  not,  for  about  two  hours  before  it  paeses  on  to  the 
land  ? — I  cannot  say  we  settle  it  as  long  as  that ;  do 
you  mean  in  the  ordinary  working? 

8294w  In  the  ordinary  working  you  give  it  a  certain 
amount  of  settlement  ?~It  would  sometimes  amount  to 
nearly  two  hours  in  the  present  ordinary  working. 

8295.  Is  there  any  nuiiiance  arises  from  those  tanks  7 
— Yes,  when  they  are  worked  too  long. 

8296.  That  is  to  say  when  they  are  not  deaned  sufii- 
ciently  often  ? — ^When  you  say  "  offensive  amell  "  it  is 
right  in  the  centre  of  1,700  acres  of  land  so  there  is  n<^> 
nuisance,  but  there  is  offensive  smell  though. 

8297.  In  answer  to  questions  which  have  been  ad. 
dressed  to  you,  you  speak  of  the  reduotion  of  solods  in 
the  dosed  detritus  and  septic  tanks ;  the  solids  are  re- 
duced by  83  per  cent. ,  and  in  the  open  subeidenoe  tan'< 
by  84  per  cent.  ? — Yes,  sir. 

8298.  Do  you  not  oonskier  those  very  lai^e  figures. 
Foot  exam^pJe,  in  Sianchester  they  make  a  reduction  o 
58  per  cent,  by  subsidence,  of  the  total  solids  ? — Yes. 

8299.  Do  you  think  your  solids  are  more  easily  settled 
than  ordinary  solids  in  sewage?— I  think  the  first 
percentage  is  easier  settled,  because  it  consists  of  roa<i 
detritus  to  some  extent.  Yes,  we  have  always  got  a 
very  free  subsidence  in  the  first  tanks.  I  should  like  1 1 
say  that  there  is  a  preliimiraary  suibsidence  before  it  gets 
to  the  farm  in  our  outfall  sewer.  We  get  some  deposit 
there  as  well,  which  we  dean  out  periodically  in  the 
trunk  end  sewer. 

8300.  (Mr.  KiUick.)  Are  your  roods  paved  or  maca- 
damised ? — lA  good  many  of  them  are  maaadaimised. 

6300*.  That  might  explain  the  difference? — 

8301.  (Frofessor  Bamsay.)  It  might  very  proba/bly  7— 
Yes,  sir. 

8301*.  Then,  in  answer  to  another  question  as  to 
ihe  demolition  of  the  light  sludge  in  the  second  tank, 
do  you  know  whether  your  Leicester  sewage  is  particu- 
larly nitrogenous ;  is  there  much  fibre  in  iti — Yes, 
there  is. 

8302.  More  than  usual  do  you  mean  ? — ^Yes,  theie  is  ; 
it  comes  from  the  shoddy,  tiie  wod  scourers ;  there  is  a 
good  deal  of  fibre. 

« 

6303.  ParticuJarly  nitrogenous?--!  should  think  it  is 
no  doubt. 

8304.  And  then  in  your  answer  to  other  questions 
you  speak  of  the  nitrifying  power  of  one  plot  of  old 
pasture  after  detritus  tank  and  first  contact  bed  being 
somewh>at  greater  than  that  of  the  second  contact  bed. 
What  time  of  year;  would  such  an  answer  apply  all 
the  year  over,  or  does  it  apply  to  sumoner  or  to  winter  ? 
— It  was  generally  so,  sir.  Frooess  14  Talble  will  givo 
you  that.  It  extended  through  a  very  long  period,  and 
it  was  generally  superior.  It  was  over  a  period  from 
December  to  July. 

8305.  That  is  a  pretty  fair  average  of  the  year  ? — ^Yos, 
sir,  it  is. 
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6306.  Six  momithfi  of  the  year,  including  both  winter 
And  summer  l—iYeB,  air. 

8307.  (Dr.  BusseU.)  How  long  do  yoa  oalooltfte  that 
any  portion  of  the  sewage  seat  from  yonr  septic  tank 
was  detained  in  it  ? — (Detained  in  the  septic  tank,  air  1 

6308.  Tes?— It  woold  never  be  detadned  Ux  lees  than 
about  18  or  20  bours— from  that  to  24  boars. 

8300.  (^kunawhat  less  than  the  24  hours,  as  a  mleY-* 
It  was  aa  14  is  to  1. 

8310.  Of  course  this  case  differs  from  the  usual 
method,  that  is  to  say  you  g9i  your  septic 
tank  before  you  gdt  your  quantiiy  ot  sewage  returned 
that  waa  to  be  treated  in  it?— Oh,  no,  what  we  tried  to 
do  was  this,  sir;  we  tried  to  send  a  proper  quanti^ 
through  the  septic  tank;  that  ia  to  say  to  work  it 
roughdy  at  a  day'a  oapaodity,  so  that  it  waa  in  the  tank 
24  Eoun,  but  it  did  go  up  t^  as  much  as  H  tianea  the 
capacity,  so  that  it  would  reduce  it,  aMvough  a  great 
deal  of  it  waa  24  hours  it  did  reach  up  to  18  and  20 
hours,  that  we  got  through  as  fiast  as  that  at  times,  but 
oflainet  that  there  were  M  those  week  end  rests,  where 
the  anaerobic  action  wae  going  on  fermenting  the  tank 
full  of  Sewage. 

6311.  You  have  j>uet  told  ua  of  an  instance  in  which 
the  depoeit  of  aludlge  garb  to  such  an  extent  that  it  waa 
running  afway  in  maaaes  froim  your  septic  tank? — Yes, 
thai  was  from  the  fiiat  detntus  tanks,  where  it  casne 
out  in  flakes  like  that. 

8312.  And  did  it  go  into  a  s^tic  tank  from  the  de- 
tritus tank? — Yes,  straight  in,  we  found  it  when  we 
measured  tihe  capacity. 

6SSL3.  What  I  wamt  to  be  at  is  do  you  think  it  ia  a 
perfeofaly  fair  ootnoluaian  aa  to  the  efBoacy  of  the  aepUc 
tank  psoperly  worked  aa  it  is  installed  at  Exeter,  for 
infltance,  to  oonolude  fzom  that  what  is  the  relatlion  to 
bzoad  irri^EUtiDin  ?•— Oh.  I  think  so,  sir.  It  is  true  that 
in  later  acnemes  I  believe  the  tanks  are  worked  rather 
slower  than  the  total  day  flow,  aoid  we  worked  it  a 
little  fast  aometimes,  but  broadly  I  think  it  is 
mbout  fair,  air.  We  were  very  careful  about  trappding 
the  inleta  and  outlets,  and  I  had  Mr.  Martin  to  aee  Iflie 
tanks  Sifiter  the  experiimentB  were  orer.  He  asked  to 
come,  and  I  asked  him  if  he  oou'ld  find  any  fault  with 
them.  \L  told  him  all  I  had  done,  and  exactly  hioiw  I 
had  done.  'He  did  not  find  any  fault  whatever  at  the 
time,  and  I  showed  him  the  sludge  Hiat  we  had  pro- 
duced. He  did  aifterwiaids  say  that  in  their  newer 
septic  tsoikB  they  had  improvements  which  we  had  not 
got — such  aa  a  slotted  pipe,  which  I  think  is  an  adytin- 
tage,  so  thiat  there  is  no  doubt  that  the  later  instaiLla- 
tiona  of  septic  tanks  are  better  than  the  septic  tank 
that  we  US& 

8314.  There  is  no  doubt  whatever  finom  your  evidence 
that  you  succeed  in  TOoducing  a  very  Mthy  effluent 
from  this  septic  tank.  The  douiS,  in  my  mind  is  whether 
this  was  a  septic  tank  worked  las  it  ougjht  to  be  worked  ? 
— WeU,  as  I  aay,  Mr.  Martin  did  not  find  any  fault 
with  it,  and  the  inJete  and  outlets  were  carefully 
trapped,  and  it  was  made  as  absolutely  air  tight  aa  it 
was  possible  to  make  it.  It  wae  a  tank  constructed 
with  bridLwork  and  cement  concrete;  it  was  covered 
over  with  a  layer  of  asphiailte  on  purpose  to  make  it  air 
tight. 

8315.  (CcHond  Harding,)  It  could  not  possibly  be  air 
tight? — Aa  air  tight  as  possible. 

8316.  It  could  not  >by  any  possibility  work  if  it  were. 
The  gases  must  get  out;  they  cannot  remain  confined 
wil^n  it?— Well,  of  course,  they  are  absoi^Ml  throug^ 
the  walls  the  same  aa  they  are  in  all  septic  tanks.  It 
was  as  air  tight  as  we  could  m)ake  it.  The  gases  go 
out ;  they  must  do  in  the  very  best  constructed  septic 
tanks,  but  we  made  it  as  air  tight  as  praotioable. 

8317.  (2>r.  BusseU.)  Was  there  erer  any  scum  on 
the  top? — Oh,  yes,  sir,  there  was. 

8318.  Did  it  vary  in  thickness  from  tome  to  timef — 
It  was  not  a  very  thick  scum ;  it  was  not  so  thick  a 
scum  as  we  get  when  we  send  the  sewage  into  a  big 
tank  without  a  preliminary  detritus  tank. 

8310.  Of  course,  it  was  long  and  shallow  as  compared 
with  the  Exeter  tank,  it  was  130  feet  long  ? — 30lft.  wide. 

8320.  And  6  feet  deep  at  the  inlet,  diminishing  to 
outlet.  I  am  not  here  to  say,  and  do  not  wish  to  say 
that  that  I  believe  I  think  one  oi  the  Exeter  repre- 
sentatives told  me  that  their  tank  was  too  shallow  for 
the  best  septic  principle& 

63(21.2.  (Cciond  Harding.)  We  noticed  that  you 
clearly  fonned  the  opinion  that  the  septic  action  is  not 


helpful  to  you  either  for  filtration  on  land  or  filtration    mt.jb.O. 
on  contact  beds  ?— ^That  ia  for  our  case.  MavAey, 

8323.  That  i«  the  ooncluaion  you  have  come  to? — ^Foi  7  Mar.  1901. 
our  case,  but  simply  for  that.    Let  me  make  it  very 

plain.  I  am  not  here  to  say  and  do  not  wish  to  say  that 
the  septic  system  may  not  be  suitable  in  other  towns 
under  other  conditions. 

8324.  You  are  speaking  to  us  of  Leicester  ?— Yea,  and 
where  land  is  not  availaible;  it  might  be  a  most  ad- 
mirable system.  I  will  not  say  a  word  about  that ;  I  am 
only  dealing  with  the  conclinons  at  Leicester. 

6325.  The  point  in  connection  with  the  septic  tank, 
raised  by  Dr.  Russell,  is  that  the  speed  was  the  right 
speed  of  flow  to  bring  about  septic  action,  but  the  ex- 
oeriment  does  not  seem  to  have  been  continued  long 
^-Qough  to  bring  about  the  ful<leat  septic  action.  It  has 
been  found'  at  Manchester,  tjeeds  and  other 
pdacea  that  dt  takes  three  or  four  months  to 
fully  develop  the  fullest  septic  action.  It  would 
have  been  more  satisfactory  to  carry  on  this  ex- 
periment for  a  year.  We  should  haive  been  interested 
to  discover  if  possilbde  why  the  septic  effluezvt  e/t,  Lei- 
cester should  be  00  exceedisigly  foul,  because  our  ex- 
peidence  of  it  at  other  places,  where  there  are  trade 
effluents  mixed  with  the  domestic  sewage,  has  not  been 
the  same.  There  is  a  certain  foulness  in  the  effluent, 
but  it  has  not  been  striking.  We  have  seen  it  at 
Accrington,  Manoheater,  Leeds  and  elsewhere.  Can  you 
suggest  to  us  any  reason  why  at  Leicester  it  should  be 
specially  foul?— I  am  afraid  I  cannot,  only  that  what 
I  do  say  is  that  when  it  runs  straight  from  the  septic 
bank  into  the  body  of  the  bed,  strad^t  into  it,  you  wiU 
not  appreciate  its  offensivenese  at  all ;  at  least  not 
very  much,  but  where  you  spread  it  over  acres  of  land 
you  appreciate  it  then  most  fully,  so  that  that  may  be 
some  explanation. 

8326.  Your  answer  is  an  intereating  one.  You  sug- 
gest that  using  septic  tank  effluent  upon  a  contaot  b^ 
you  would  be  less  likely  to  find  a  nuisance  arise  than 
spreading  it  over  a  large  area  of  land?— Oh,  yes,  cer- 
tainly, most  emphatically,  so  that  if  you  can  get  it 
straight  from  the  septic  tank  on  to  a  contact  bed  I  do 
not  think  that  there  is  very  much  fear  of  a  nuisance. 

8327.  Then  in  regard  to  its  utility  in  preceding  a  con- 
tact bed  we  need  not  take  into  account  the  question  of 
nuisance  ;  you  do  not  foresee  that  used  with  die  contact 
bed  the  nuisance  would  be  serious  ? — I  do  not  think  it 
would. 

8328.  In  using  the  septic  tank  you  would  expect, 
would  you  not,  some  of  the  suspended  matter  deposited 
in  the  tank?---Oh,  of  course. 

8329.  In  fact,  in  one  of  your  answers  I  think  you  tell 
us  that  the  passage  through  the  detritus  tank  had  given 
you  in  connection  with  the  suspended  matter  a  purifica- 
tion oi  sbout  one-half  ? — Yes. 

8330.  And  that  after  passing  through  this  septic  tank 
that  proportion  had  been  increased  to  83  per  cent  ?— 
Yesw 

8331.  You  have  stated  in  answer  to  a  question :  *'  This 
table  shows  that  the  percentage  of  purification  on  the 
crude  sewace  in  suspended  matters  was  55*28  after  pass- 
ing through  the  closed  detritus  tank,  and  83'01  after 
passing  through  the  septic  tank ''  ? — ^Yes,  that  is  right. 

8332.  And  therefore  the  passage  through  the  septic 
tank  even  from  the  detritus  tank  would  give  you  the 
difference  between  55  and  83  ? — Certainly. 

8333.  If  you  used  the  septic  tank  that  amount  of  sus- 
pended matter  was  kept  back  from  going  on  the  contact 
bed  ? — It  was. 

8334.  If  you  dispense  with  the  septic  tank  and  work 
with  the  contact  bed  that  amount  of  suspended  matter 
goes  on  to  the  contact  bed  in  addition  to  what  went  on 
to  it  before? — Certainly. 

8336.  Now,  the  whole  matter  rests  here  in  regard  to 
this  experiment,  whether  any  evil  results  are  likely 
to  follow  from  dealing  with  this  additional  suspended 
matter  on  the  contact  bed  ;  in  other  words,  has  the 
capacity  been  reduced  ?  You  have  told  us  the  analytical 
results  were  not  made  any  worse,  but  the  point  arises 
whether  you  can  deal  permanently  on  a  contact  bed  with 
half  the  suspended  matters  on  the  sewage ;  is  not  that 
the  point  ? — Exactly. 

8336.  You  have  given  to  us  in  one  of  your  later 
answers  the  reduction  of  the  capacity  as  being  from  one 
half  to  one  third,  and  that  was  after  working  the  whole 
period  of  your  experiinents,  but  I  do  not  want  that ;  I 
want  the  middle  i)criod  ? — ^Yes. 
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8337.  Would  70U  mind  telling  hb  how  long  the  contact 
beds  worked  together  in  various  ways  with  or  withont 
septic  tank  ? — iS]^  months. 

8338.  Then  am  I  right  in  gathering  from  your  fignres 
that  after  working  13^  months  the  capacily  of  those  tanks 
had  been  reduced  only  from  one  half  to  one  third  of  the 
total  capacity  of  the  tanks? — It  went  down  to  29  per 
cent  immediately  we  had  finished,  but  after  resting  a 
few  days  it  recovered  itself  up  to  one  third,  yes. 

8339.  Up  to  one  third  ?— Yes,  that  is  it. 

8340.  Do  you  not  find  that  these  recoveries  are  soon 
lost  agadn  ?--Oh  1  yes,  they  go  down  again,  but  they  keep 
recovering. 

8341.  Then  the  conclusion  you  put  before  us  is  that 
after  working  13^  months  the  tanks  which  in  the  first 
instaoice  had  a  water  capacity  of  50  per  cent,  at  the  end 
of  the  period  had  a  water  capacity  of  30  per  cent? — 
Well,  yes,  rather  more  than  30  per  cen^t. ;  between  30 
and  40. 

8342.  Then  there  was  a  reduction  in  water  capacity  of 
only  40  per  cent,  in  the  period,  the  difference  being  50 
and  30  ?— -It  was  33  x>er  cent. ;  you  see  -the  difference. 

8843.  The  difference  between  50  per  cent,  ait  the 
beginoiing  and  30  per  cent,  at  Ihe  end  is  40  per  cent., 
is  it  not  ? — Yes. 

8344.  That  is  against  our  experience  in  other  direc- 
tions, and  I  must  ask  you  how  are  your  measurements 
made?  How  did  you  measure  the  capacity  of  your 
tanks  ? — ^We  measured  the  capacity  in  the  first  place  by 
filling  the  detritus  tank  and  emptying  it ;  we  carried 
out  several  experiments  with  our  weir  which  we  have 
at  the  bringing  on  channel ;  we  carried  out  a  number  of 
experiments  to  find  out  what  was  the  proper  formula  for 
gauging  the  water  over  this  weir,  and  having  found  a 
slight  modification  of  the  formula  that  would  answer  we 
gauged  it  every  quarter  of  an  hour.  I  mean  every  five 
minutes  a  man  stood  there  and  watched  it.  We  have 
got  figured  gauges  there  over  the  weir. 

8345.  Would  that  be  really  a  reliable  test  ? — Oh,  yes, 
it  is  reliable,  because  the  formula  was  checked  by  abso- 
lute measurement  in  tanks. 

8346.  The  tank  being  the  detritus  tank  ?— Yes. 

8347.  Which  had  been  enuptied  of  sludge  ?^-Oh, 
yes. 

8348.  And  you  used  the  detritus  tank  as  a  measure  ; 
you  put  so  many  times  the  volume  of  the  detritus  tank 
into  the  bed  and  measured  in  that  way  ? — That  we  did  at 
first,  but  it  was  done  by  the  weir  afterwards. 

8349.  At  first  you  measured  more  or  less  accurately, 
and  later  on  by  the  weir  only? — The  whole  of  ihem 
were  based  on  the  weir  calculation,  right  the  way 
through;  all  we  did  was  to  check  the  weir  by  the 
capacity. 

8350.  You  are  proposing  by  your  experiments  to  apply 
at  Leicester  a  sewage  treatment  which  is  to  consist  first 
of  settlement  of  about  half  the  suspended  solids  in  a 
detritus  tank,  to  be  followed  by  a  contact  bed  which  is 


expected  to  deal  with  a  considerable  part  of  the  other 
half  of  the  suspended  matters  in  the  sewage  and 
finally  by  land  ?--/Dhat  is  so. 

8351.  Well,  it  is  obviously  of  great  imx>ortance  for  you 
to  ascertain,  is  it  not,  wheuier  your  contact  beds  would 
be  able  to  maintain  their  capaciiy  dealing  with  half  the 
suspended  matters  in  the  sewage? — ^Yes,  it  is;  well, 
what  we  think  we  found  out  is  this 

8352.  It  is  a  point  I  would  suggest  well  worthy  of 
your  careful  consideration  to  get  tiie  most  accurate 
measurements  to  find  out,  because  as  far  as  we  have 
been  ablei  to  see  the  reduction  ol  capacity  goes  on 
at  a  greater  rate  in  other  places,  with  half  Ihe 
amount  of  suspended  matters  in  the  sewage? — ^In  other 
places.  I  will  tell  you  what  I  am  going  to  do  in  this 
scheme ;  I  am  having  the  detritus  tank  capacity  very 
liberal.  They  are  to  be  open  tanks,  and  the  capad.^ 
that  we  are  going  to  have  is  1,400,000,  or  nearly  1^ 
millions  out  of  8  million  gallons'  of  dry  weather  flow, 
60  I  quite  appreciate  what  you  say,  Sir,  that  it  i*  very 
necessary  that  we  shall  have  very  ample  prelim.inazy 
detritus  tanks.  And  we  shall  get  some  septic  action 
in  those  open  detritus  tanks. 

8353.  Not  necessarily ;  if  you  empty  them  too  fre- 
quently?— ^Not  necesssrily  if  we  empty  them  too  fre- 
quently, but  we  are  just  in  this  happy  position  that  we 
are  on  the  top  of  a  mountain  as  it  were  in  the  middle 
of  1,700  acres  of  land,  and  we  dare  go  on  longer  there 
with  these  tanks  before  emptying  them  than  you  could 
if  you  had  got  houses  round.  Now,  three  of  tiiose  beds 
have  been  confined  absolutely  to  this  detritus  tank 
effluent  without  the  septic,  so  we  find  from  working  13^ 
months  into  three  of  those  beds  that  the  capacity  is  only 
reduced  from  50  per  cent,  of  total  to  33  per  cent,  so 
we  think  that  with  this  very  ample  detritus  tank  capa- 
city we  may  hope  lo  succeed. 

8354.  Are  you  continuing  those  experiments  ? — No. 

8355.  It  seeme  rather  desirah&e  that  you  should,  to 
give  us  experience  and  yourselves? — There  is  another 
advantage  we  have.  We  shall  have,  you  see,  the  1,700- 
acres  of  land,  or  1,355  the  figure  is  for  actual  aewaging. 

8356.  Could  you  not  use  these  contact  beds  in  the  way 
you  are  now  using  them,  finding  out  really  how  long 
they  go  before  the  capacity  is  too  far  reduced? — ^You 
mean  go  on  with  them  now. 

8357.  Yes  ? — ^Keep  going  on  with  the  experiments  ; 
start  them  again. 

8358.  Would  it  not  be  very  advisable  to  do  so  in  toot 
own  interest? — I  should  think  so.  Of  course,  we  have 
had  13^^  months  at  them,  you  know,  and  we  tiiink  that 
a  good  test. 

8359.  We  should  be  much  interested  to  see  whether 
it  is  possible  to  maintain  capacity  at  that  one-third 
working  with  half  the  suspended  matters  in  crude 
sewage ;  we  should  be  interested  to  see  if  that  is  pos- 
sible, but  if  you  stop  the  experiments  we  cannot  see  it. 

8360.  (Chairman.)  1  want  in  the  name  of  the  Com- 
mittee to  thank  you  for  the  facilities  you  have  afforded 
us  ?— I  am  very  pleased,  my  Lord. 
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Table  showing  Average,  Best  and  Worst  Analyses,  of  the  Final  Effluanta  of  each  Process. 

Suspended  Matters. 

Albuminoid  Ammonia. 

Oxygen  Absorbed. 

Nuinber  of  Process. 

Analyses. 

Analyses. 

Analyses. 

Average. 

Best 

Woist 

Average. 

Best. 

Worst 

Average. 

Best 

Worst. 

2*              -        -        - 

1 

0-56             0-56      , 

1 

1 

0-56           0-2464 

0*2464         0-2464 

1-4715 

1*4715 

1-4716 

3       -                 -        - 

0187           0140    i 

0-280         0-2081         01904         0*2170 

0*7162 

0*6041 

0-8652 

4                 .         .         . 

0-35             014      1 

0-56           0-2086         01932         0*2240 

'                   1                   1 

0*7320 

0*6717 

0-7923 

5        -                  -         - 

0*644           014 

2-38 

0*2189    :     0-1764    !     0-2940 

1 

0*8781 

0*6041 

1*2899 

0        -                           - 

0*38             014 

0*70 

01946 

01470    ;     0-2240 

1 

0*6711 

0-4740 

0-7923 

7       .         .        .        . 

0-385           0-00 

1-26 

01565 

01134         0-2338 

0*6634 

0-2065 

1-1214 

8        ...         - 

1 

1 

1                  1 
No  final  effluents  analysed  from  tlie  Hyc 

t                  1                  1 

1  Grass. 

9       - 

0-31 

014 

0-42 

0-1463 

01120    '     01722 

0-7061 

0-6524 

0*7512 

10       -                 -        - 

1 

1 
No  final  effluents  a 

1 

analysed  from  the  Rye 

)  Grass. 

1 

11       ...        - 

014 

014 

014 

0-1832 

0*1610         0-2394 

1*1679         1-0222 

1*3183 

12*     - 

014 

0  14 

014 

0*1316         01316         0-1316 

1 

1-2369    '     1-2369 

1*2369 

13       -                          • 

1                   1 

No  final  effluents  analysed  from  the  Kyi 

1                  1                  1 

B  Grass. 

1 

14       ...        . 

1-60 

0-42 

3*08 

0*2106 

01134 

0-3444 

0-7474 

0-5840 

1*2983 

16 

1-64 

0-84 

2-52 

0-2027 

01433 

0-2576 

0-7412 

0-6074 

0*8468 

16       - 

M9 

0-70 

1*68 

0*1442 

01176 

0-1708 

0-7459 

0-7063 

0*7856 

17 

•49 

014 

0*84 

0-1809 

01694         0-1960 

1 

0-6787 

0-5684 

1 

0-8638 

Only  one  analysis  made  of  this  Process. 


March  1901. 


E.  George  Mawbey,  Borough  Engineer, 

Leicester. 


446 


ROYAL  COMMISSION   ON  SEWAGE   DISPOSAL: 


Mr.  E.  G. 
7  Mar.  1091. 


It 

o 

09 

0 

to 


4d 

I 

0? 


o 


>> 

ct; 

• 

• 

tf 

< 

w 

a? 

iH 

§ 

1 

F^ 

PQ 

^ 

to 

o 

53 

.a 

-< 

^ 

H 

o 

pa 

-^ 

f- 

< 

• 

g 

0 

cS 

H 

^ 

o 

u 

•Pi* 

4.3 

S 

an 

OD 

» 

1      v: 

cu 

X 

m 

H 

a 

H 

(2 

O 

V 

-< 

0 

^ 

4d 

H 

O 

09 

Q 

-a 

o 

s 

o 


fM 


60 


to 

o 

i 

B 


I 


5 


M 
0}     5 


O  -5 


O 
M 


o 

SB 

n 

D 

n 


00 

o 

xr 

o 
O 


s 

i 

03 


9£H 


opiuo 


•■■wn 


ORdos 


pewiO 


aptuo 


'■8V10 


•«P«fI 


and09 


•3lii«X 
pewiO 


epiLXD 


•■pojl 


0Wd9g 


mamoa 
potoio 


apiuo 


*n«JO 


ondofi 


po«oir» 


epiun 


3 

5  S 


drills  5? 


ft        fr«. 


9» 
8 


3 


3 


g 


^ 

s 


8 


00 

3 


?> 
3 


^ 
S 


it 


8 

O 


? 

o 


? 

o 


? 

o 


9 

o 


o 
b 


? 

o 


9 

o 


s 


s 

o 


? 

o 


o 
o 


9 

o 


o 


5S 

o 


a 


o 


o 


o 


o 


o 
o 


b 


5^ 


o 

IS 


s 


M 


3 

04 


M 


CO 


• 


3 

s 


9 

09 


5 


s 


So 


o 

00 


do 


s 


o 


«4 

I 


to 


b 


o 
b 


b 


8 


o 


3 

eo 


t« 

r«- 

tt 

^ 

el 

• 

00 

04 


8 

00 

o 


i 

b 


s 

o 


9 

^ 


ox 

a 


M 

• 

s 


8 


e 


3 

o 


3 


09 


3 

b 


So 

9 

o 


8 

o 


M 


3 


• 

9 


00 


8 


s 


04 


3 


y, 


I 


■ 

00 


00 


o 
b 


2? 


s 

o 


(A 

< 


8 


lO 


s 


So 


s 


$ 

^ 


.2 

a 


8 


8 


s 
^ 


o 

lO 


8 


S 


00 


o 

00 


? 

n 


6n 

5S 

04 


9 


en 


eo 


I" 


« 


1 
1 


I 


;5    ^    "o 

OJ      '-' 


CO 


r 


MINUTES  OF  EVIDENCE: 


447 


< 

O 

S 

n 

< 

QQ 
H 

H 

X 


§ 


I. 
I 

.a 

1 

10 


•S 


0? 


«*3 

O 


S 


to 


CO 

I 

I 

I 


o 

r 

QD 

I 


.a 


6 


8 

Of 


as 

o 


i4 


s 


a 

g 

M 

I 


S 


8 

§8 

cS 


O 

M 

5 


o 
m 


I 


s 

CO 


*2 


Is 
■•a 


I-- 


852 

5^H 


■o 


■I 


a« 


9  ■ 


B^ 


II 


I 


,JS 


'I 


v9  ■ 

ht 

«2H 


■I 


5^^ 


•§ 


o 


I 


■en's 


is  9 


o 

•^ 


I 


13 


o  S, 


I 


3 


9> 


o 

8 


o 


8 


s 


o 


8 


9> 

o 


00 


O 


9 

b 


9 

o 


3 

■ 

o 


S 

o 


s 

o 


3 

o 


9 


§ 


?» 

n 


8 


O 


1-4 

■ 

o 


.  ^ 


s 


o 


M 

to 


04 


M 


O 


g 


i 


8 


i 


M 


lO 


S 


8 


S 


i 


S 

S3 

o 


to 


to 


o 


2S 

o 


O 


? 


i 

M 


I 

00 


s 


00 

12 


9 


^ 
^ 


8 


o 


§ 


I 


04 


M 


8 

41 


lO 


§ 


9 


s 


to 


9 

lO 


9 


o 


8 


S 

CO 


$ 


9 


3 


S 

^ 


to 

8 


3 

is 


§ 


a 
I. 

8 


t4 

I 
o 

O 


I 


4 


s 


mm 

•  I  I 


0» 


8 


ff 


Si 

8 


8 

8 


8 


s 


i 

■s 

I 

8 

a 

I 

I 

o 

} 

s 


Jf  r.  J.  0. 
7  Har.  1001 


448 


ROYAL  COMMISSION   OS  SEWAGE   DISPOSAL: 


Mr.  B.  G. 
Ma/iBbey. 

TMar.  1901. 


t 
to 

s. 
s 

■s 


I 

S 


s 

tf 

<! 

< 

o 

fn 

.a 

PE4 

w 

1 

>* 

"^ 

fC 

^ 

« 

55 

o 

O 

^ 

«B 

H 

•c 

n 

5 

S 

H 

n 

<J 

ec 

0 

is 

s 

Q 

HM 

1 

tf 

C^ 

» 

PL4 

• 

« 

M 

s 

H 

H 

1 

< 

<4* 

^ 

£ 
o 

» 

q 

QD 

TS 

8 

»>^ 

o 

1 

01 


I 

1 

O 

I 


O 

u 

O 


o 

H 


i3 


s 


II 

S? 


O 

M 
as 

M 

9 


< 
S 


SB 
M 

09 

CO 


,1 


««s 


•^s^ 


— "in  ss 
0.2     5^ 


cs 


5  S 


W  «3 


"2    IP 


tl-^J 


o 
55 


B| 


I 


Tt  3    . 

■eg 

4A   SB 


OQ 


d  a  -s  i  3 

?<   H    e    r-    »- 
i-    ^    J*«     ¥ 


n 


~         ■        •         • 


gii 


St-  IH  '•I 


OOOM 


^^.fe 


■       •       •  • 


•*  ©1  S 

•  •  k 


SZ3 


8 


•       ■        • 


M^oao     O04r<»e4      Mi^aooo 


r»t<-oco 


800O     t-o»2J     fjut* 


O  O30 

■  •  • 

S2  S 


M 


8 
8 


«       ■       •       « 

(N99MO 


MM-^-^     poooo     p^ioooa     Mp«     9«?>     9'9C^C*     ^^ow 

Uitiik  ^2kk  ^ktk  Id^^  ss^8  &s;(s8  88& 


Q  00  OO  9 
•     •     •     • 


003  040 


o«ooo      oMtoao      ^or>      O<<01      OO'^OeO      ^O)^ 

ij:;^    g282i    S^fc    3BS'a    8gSS    S^S 


to 


04 


oooo     oooo  oooo  oooo  ooo  ooc  oooo  ooo 


•9 

o 


???? 

oo   ■ 


S;3SS  S8S§  8§S§  Sag  SS?  a§§3  SS? 


oooo     oooo 


ooo 


•       ■       «       ■ 

oooo 


§8?SS    8po?    ??p 

oooo  oooo  oooo 


o 


o5   OPO   2-000   0< 


^_^  ooo 

oo^  ooo  Aooo  ooo 


8882 

•   ■   •   ■ 

oo  oo 


5IS8S    S=:S8    SSSS    SSg    S??    -^SSS    ==S 


oooo 


i-^oo     oofco     oo*^ 


ooo 


ooo 


5z;5zi, 


«»^g 


s< 


.  J  oi  ao  00 

«      «      •      • 

Oi-»00 


■        •        ■        • 

OOOO 


^ 


ft       •        •        • 

oooo 


§883 

•        ■        •       • 

oooo 


SiOt«'^        «PeQr^        tO«3k$ 
9  V       W  ^ 


9>? 

ooo 


O  lOt^ 
OlOtft 

ooo     OOOO     ooo 


.  «3  kCQp 
t^  p^O  o 

o  56  SS  Q 


CO 


eo 


^ 
g 


94 


3 

o 


m 

o 


:2§g: 


1^  3bi 


It- 04 

CO  •^iH  A< 


>;5ob-ao 

r-<eOf-tfH        r-«r-li-l30        f-l  i-»  OJ  04 


lO  1-^  94  t-4 
t«94iO  1-^ 

u3  la  n  o 


e4oi>      o ^ fH      ^  io >^  kQ 

040)04        03  09  04        i^  01  O)  f-4 


^04f-4 

OB  S  O 
•      •      ■ 

»-l  04  fH 


3 


00*<-Oi-t 

«        p        ■       • 


81 


eliaoo 

•       ■       •       « 


Sg2g3    8g5g 


«oio  ifi  ua 


so  !>• 

•       •       ■       • 

lo  ta  lo  <<«• 


'^9r^     ta^r^     F^oooS      8m*h 

•       •p  «••  ••■•  ••« 

(9O«0     t»o^     '«oiet»     <«ioto 


lOOOli 
lO'  " 


OOP  9l> 

•M  o  act* 


CS8o4f-l 

•       •       •       • 

"^iflbOOO 


lO): 


8^P3 

•  •  •  • 

00  o  o  o 


Oi 


i»  00     a>i 


oi 


151 


t^ooo 


88^ 

■     •     • 


104  04  O 

;8SS 


OB  091 


04 


laotOA     io«Ht» 


o 


o* 


i 


I 


•       •       •       • 

oooo 


toooo4  <po4'^ao  oi^<4>o  04000  o  00 '^  ^S:!!S  c9!iioi 

{Zt>>^a5  Vooi^tS  MoIiAoS  osob'^  lar-iH  maoof-  r^oo 

^t^p^P;  O4i-^040l  O404i-^OI  i-tiMiM  ^r-l>^  GQpHp^M  ^r^^r^^ 

OOOO  oooo  oooo  ooo  ooo  oooo  coo 


8 

ea 

o 


O40 

•       •       ■       ■ 

oooo 


•       •       •       • 

oooo 


S|S^    3||g    ||:$ 

oooo     oooo     ooo 


:a   gg 


MMOQ 

•       ■       • 

ooo 


09  ^  O190 

•        •        ■        • 

oooo 


•        •        • 

ooo 


§tOOQ 
A  ooo 
OOBM 

«      ■       •       • 

O^Of-i 


oS  OD  •-<  CQ 

t«ao  OO 

•       •        ■        a 

OOi-lO 


§poto  OSS'S  9Sfi 

Oi^O  O4^0O2  04O2 

■       ••■  «•«•  ••• 

•HOOr^  OOOO  OOO 


CO  o  t« 

o  oot^ 

•        mm 

piO  o 


Or-lbo 


f^  O        Ob  00  O 


ooo 


I 

s 


s 


8SS$ 
8^S8 

•       p^     •       • 

CO  r-l  04  fH 


,  o  oc  CO  ^  ^  ^  !9 

!  o3  >o  o  eo  ofo  o  oi 

■    »    t  •    •    •    • 

»-t  r-<  O  iM  O  OiH 


^.S' 


tn  c      tAtoiQ      la  o  o     o ta ta  iA 

09  0       004M        94h»99        « r-l  fH  O        --.;.. 

!  Ob  p         00  r-l  04         r-l  r-*  -H         O  O  0»  ^         O  t«  C 


1-1  «-<  O  O        O  1-1 -H        fH  r-l 


OOOiH 


04  0000 
i-t  2  p^P 

fH0040 


opcDQ<4>      ^o^s;      9^3!:^      ^^9      ^SSS      995^ 
ota^ta     cb'^taw     ooixix     '^tho     i-ioo»     oao^oo 

COOfHrH         OlF-«»HfH         fHr-lOtH        O04iH         ""■ 


04O1O4 

04  ^  iH       rH  iH  f-i  rH        iHO^ 


«o 

fH 

s 


« 


s 


V^      •  •  9^  ««•■  ••••  •••«  ••■  «■•  •••>  ••• 

'^co'^ea  oeo'^f-t     "■vtaceto     taotata     oiosta     «or«<«     ^^eo^^     latata 


Scores 

•       •       •       ■ 
fHQ-**- 

eoMiHiH 


5eSSS    88SS    *>-*-So4    8^3    «Dt»9    t^F^^t^    8^3 

tarHOtx     ooootoco      fH-^too     Otao     Q-i^      "■voooop      o4op 

;^Mr1rH        r-i04iHO4        OliHfHrt        iHripH        040404        r-iMr-<04        CtOlOl 


o  ta lao 
•    «    •    « 

ogooio 

«D  9>  ta'« 


laoota     ootao      oooo      ptata      ooo     OQpo      latata 
ta^ocD      aooioi-i      oio?9<fi      oB04ta      l-■^alH      ooiaoio^     t«^'^3 

8^^'^  ^Ui^U  kkkk  Ss§8  8»^  ^^Uf^  iiiik 


$ 


CO 

o 


00 

o 


§ 


8 


8  ;    c 

8       8 


ta 
o 


9 


III! 


CI 


00      d> 

i-i    ?5 
o 


O'*  iH  00 

r^  04  04 


00      g     . 
fH     S     * 

mm 

a 

04  iH 


OOO 


P    •>  •\  •> 

04  A«C  01 


< 


'C  la  ■* p      •MOO 

F-   -M  01  IH  iH  ^  I 


tS    t  s     § 
>^  »■. 

rtoi-. 


.  Ht  ^  C  >       iS  04 

*->  o>'  e  I  iH 


-   5 


8 

• 


CO 


o 


nr 
Ol 


l-l 

s 

8 


*- 
& 


S 


8 

o 


8 


S 
S 


S 


S 


I 

o 


e 


I 

S 

G 

s 


MINUTES  OF  EVIDENCE. 


449 


H 

s 

H 

55 


« 
H 


QQ 


1213. 


I 

S 
to 

d 


J 

«D 

m 


5 


V 


o 

'S 

o 

to 

a 


1 


I 

P 


g 

OQ 

I 


.a 

> 


to 

c 


g 


o  « 


o 

s 


■1 

B 

OQ 


*)o«9uoo  pas 

pdflvpo^dm 

•aw 


S 


00 


9 

o 


p9a«iiovy«a 

8 


'iprai  ai^dflbj 


p©wn 


5> 


go 

8 


§ 


9» 

8 


8 


8 


to 

I* 


'98VM6H 

dpnJD 


04 


s 


9 


? 

8 


8 


00 

8 


o 

s 


n9«|ao3  pi« 
'pOQVIia^dva 

90U 


•I  OK 
pO(r«ia9)9«S 


9 

a 

O 


o 


to 


9 

o 


o 


9» 

•o 


8 


sS 


? 

o 


8 


s 

o 


? 

o 


'ipx^  0\%69^ 


TlWiX 

peaoio 


999M.9^ 

apitJO 


•(pviaoo  paj 
'pag  «ii9^«s 


t   OK 

poa«ia8)3«a 
Sai^J1J*0 


Tia«x  a^dds 


•3ia»X 
pwoio 


upiuo 


*ia«9uoo  pas 
*pog«lj(n9«g 
•aw 


•I -OK 
pafI«3'9^o«a 


*3{iraX  ondafi 


•2ia»X 

m^fj^aa 

pasoio 


o 


? 


o 


? 

o 


b 


J9 

of 
^1 


8 

o 


8 


8 

o 


o 


8 

oo 

o 


o 


o 


M 

o 


04 

1-4 

o 


I 


o» 


01 


s 

9 


5^ 


to 

S 

CO 


to 


8 

o 

00 


J2 


8 

o  o 


i 

8 


8 

9 


to 


8 

b 


M 


I 


$0 


s 


01 


6>> 

a 


'aSvMdf; 
apiuo 


*9a«9ao3  pag 

paa«|ia)a«S 

•oil 


I  OK 


pagv;j.a9avs 


■3HWX  apdag 


JPWX 
pd«oio 


o 

f-l 


S 

o 


8 


o  *» 


2 


to 


s 


8 

«0 


to 

8 

o 


I 

lO 

o 


? 


8 

09 


g 


lib 


09 


O 


o 


9 


8 

o 


04 
Ol 


8 


8 


2 
t2^ 

s 


'aSvAas 
apnJio 


i9 

^   5   S 


8 


3 
s 


s 


8 


■ 
o 


00 

8 


^ 

•> 

?? 


09 


8 


8 


00 


•a 

t 


< 


8 


to 

■ 

3 


8 
3 


s 


2 

8 


8 


3 


t.t 


S     52| 
^     8    Ol 


I 
8 


if 


if  r.  E.  G, 

Maiobetf. 

7  Mar.  1901. 


3L 


450 


ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  E.  G. 
Mawbey. 

7  Mar.  1901. 


< 

» 

H 
O 

H 

S 


o 

.a 


a 


o 

I 

I 


»  g 

I  & 

•S  s. 

s  I 

.9  .S 

tl 

.3  5 

I  § 

I 

s 

P 

S 


9 


o 


i 

0^ 


O 


I 


3 


K 
M 

S 


04  o 


:^ 

o 

a 

o 
to 

s 


I 

a 
g 


CO 
OQ 


*9a«)aoo  pug 
'I  Oil  pea 


•I -on 
peavfia^ava 


pwoiO 


opnJO 


')3«9aoo  pJ8 
"Z'oa  paa 


*9a«)noo  pa2 
•l  *on  paa 


•I  OK 

poa«pajo»a 


pasoK) 


opnjo 


•^ovjnoo  pag 

'8  -OK  p»a 

¥IJ9^o«a  »au 

•t>»w>aco  pug 
'I  'ON  poa 


1  "OK 

pda»iJ»^j>»a 


•^owjaoo  pj8 
'Z  "OX  paa 


paooio 


*08«M9g 

apiuo 


")a«9ao3  piQ 

•l  'OK  paa 

«IJ9)3«a  o^TiI 

•I  -OM 

pea«iJ9)o«a 


T[a«X 
paw>u) 


opoio 


•^ov^uoopig 

•S-oupoa 

vijo^ovaoou 


*90«)aoo  pa? 
I  ox  paa 

«fj9)3«a  »«« 

I -ON 
p»fftnJa»o»a 


pwoio 


opiuo 


ill 


6  s^*; 


^ 


I- 


e 


R 


00 


^ 

3 


s 


o 


00 


s 


s 


3 

o 


6 


s 


s 


8 

o 


8 

o 


V«i 


o  o 


o 


s 

o 


09 


M 


9 


I 


b 


s 

o 


en 


o 


3 

M 


3 


8 


3 


12 


8 


S  iss 

-^  o  a 


3 


J5 


9 


9 

t: 


09 

8 


00 

• 


09 


9 


8 


o 

Si 


09 


04 


8 

o 


9 

o 


8 

o 


S 

b 


3 

o 


S 

■ 


§ 


o 


3 

3 


09 


I 


3 


i"- 


04 


n 


ei 


a 

O 


■ 

o 


9 


9 


§ 


to 


3 

o 


S 


? 


•o 


? 

to 


8 

do 


o 


? 

s 


8 
3 


8 


o 

8 


8 
8 


8 


:3 


8 


^ 
^ 


00 


8 

o 


o 


9 

o 


g 


s 

00 


9 


O 


a 

o 


S 


9 


»o 


s; 

o 


S 


I 


s 


8 


S 


•o 

3 


3 
S 

■ 

8 


8 


00 


8 


S 


g.! 


!l 


i 


a 
o 


MINUTES  OF  EVIDENCE. 


451 


o 

QQ 


i 


sf 


•IN      "M 


Mr.  E.  Q, 

Matebey. 

riCar.  1901. 


X 
M 
« 
< 

s 

H 

tf 


•4A 


OB 

CO 

u 

s 

60 


I 

OB    : 

I 

©o 


a   " 


Pc< 


g 

M 


lis 


g^ 


t 

«s 


i 
1. 

es 

J3  CO 
»*• 

•S  g 

S3 

tz3S 


I 


«D 


.5   . 


SaaeoaodQo^t^' 
QO'^35©^osr*io«' 


0101 


^H  o  o 

00  00  ^ 


01 


•-H  C4G4  ^H  ^ 


000© 
cot^»o 


a  $  ^ 

«*3 


S3S 


99^^s^f^^^$^^ti^$^n^^^^ns^ 


01 

00 


^:^©^!9^e*3'-4S9cc(N©cDeoei5oo©tto» 
c^aoaDr<>©t^r«r«Ooaor<>QO©©r<>Sv3©ao 


00 
01 


COCQCOCQC<5cOO5CQCQCQCQO5^MCQOd93fiQC<50Q^O)CQ 


••      n      •» 


.si  .s-i 


tocoaD'Hr^ud©f-4©^co©St>*Saooo 

•       ••••••^»       J^     •       •       9^     •       •       •       •       • 

a^<MiOi-HeQ0l©'HpHi-HC0«D»Q^i-4i>H 


CO  C4  ua  r*  CO  04  00 


-8 


§«o  0©^09©'HgD04epceaoiaocQa>©0)©9^^t^^:^ 

dS  ^*O^<>904io«^©9^i>i>cpc999Qc^©©c5©M© 

^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  '^  ^  ^  ^  C*3  6*3  TO  ^  ^ 


09  QO 


s; 


co'^iidOi^oiccbCiocDeQ'H^ioecio^^^eoio 


n  I 


«*4    90 


^ 


11 
6  I 

1 1 
p 


•0  CO  09 


CO  CO  CO  "^  CQ  CQ  CO  CO  CO  CO  00  CQ  CO  CO  CQ  CO  00  CO  CO  CO  ^  ^  ^  ^ 


^.1 

III 

®  «  * 


is  =S 


I 


=*i  :  ztf 


g  •  " 


^  i-lii 

•-*       <J       CQ      O^ 


1215. 


5^2«^2g}22a::S8SSa2S2S'^8 


<<«fDfD 


3L2 


450 


BOYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


Mr.  B.  G. 
Matobey. 

7  Mar,  1901. 


< 
H 

O 
% 

H 

H 

S 

pa 


i2 


3 
.3 


o 

I 

s 

n 

.1 

I 


I  & 
•S  I 

to 
.S.S 

-  & 

>  § 

-^  i 

cs  Qr 
H 

I 


I 
d 


OQ 
o 


8 


i 


^a 


M 

S 
g 


Oor 


I 


00 


«Ma99«HattM[ 


■^av^uoo  pug 
*I  -ON  P«a 


•l-oji 


ni9|J99a 
pwoiO 


I 

,  *99«9aoopJ8 

|«TJ89Dva  9U1 J 


'I  Ofj  p«a 

I«|J999«a  9UW 


I  OK 


p9a«H993«s 
aaiXjiJreio 


*»8«M9S 

©pnjo 


*9oir)no3  pas 
•«IJ99a«g  9UU 


•9»»9aoo  pug 
'I  'OK  poa 


1  -OK 
paff«lJa9J»a 


Tia«x 

P98010 


*98«M9e 

9piua 


•90«)ooo  pis 
'2  -ox  p9g 

«]J»99«S9IXU 


*99«9aoopa2 

'I  *OM  p9a 

«IJ999«a  9aii 


•I  "OK 


peg«|J993«s 
BapCjiJiiio 


mii(J99C[ 

P99010 


*98«M9S 
OpOIQ 


•9»»iaoOP*8 

•«*OKP«a 
«IJ99a«S9ixu 


'90«)noo  pns 

I  *oy  P9a 

»|j99a»ff9aij 

I 'OK 

pVff«IJ999«([ 


Tnwx 

ni9)J99C[ 
pe«>io 


*a8«M98 

9PIIJ0 


o     ^     a 

1 3 


& 


sit 


g 


5> 

3 


g 


3 


S5 


R 


9 


9 

t: 


00 


9 
3 


09 


9 


00 


s 


O 

o 


00 


s 


9 
o 


? 

o 


g 


8 


:3 


9 


00 


04 


3 

o 


o 


ss 


8 

o 


s 

o 


o 


o 


? 

o 


8 

o 


8 

o 


'A 


8 

o 


I 


s 


s 


o 


09 


s 


8 

9 


I        I 


o 


o 


b 


8 


o 


• 

o 


9 

o 


eo 


M 


i 

a 

O 


s 

O 


O 


2 

o 


o 

1-4 


s 

b 


s 


s 

00 


3 

■ 


$ 


8 

00 


8 


8 


8 


8 


8 
8 


8 

o 


8 

o 


9 

o 


S 


la 


I 


o 


O 


s 

3 


9 

O 


9 


8 


I 


I 

< 


8 


8 


S 


a 


s 

o 


8 


8 


8 


OP 

00 


8 
8 


^ 


MINUTES  OF  EVIDENCE. 


451 


02 


P4 


o 

OQ 

a 

< 

o 


if r.  E.  6. 
Maubey, 

7ICar.  1901. 


4i 

« 

OB 
CO 

.9 


I" 

©o 

u 


00      " 

I" 

M 


a? 

i2 


OB 

g 
I 


»^ 


(2 
.5  . 


-S  2  I 


^  -^  •* 
H    II     11 


^i> 


lO 


SI 


iQOOIG 
©•"HCC 


1 01  x-<4«r^oco 


01 


^H  0>  Oft  1-^  IQ 

CO  CO '^'^  Pi 

«  v«         ««         •»  WS         ^  ^^         A 

0)O^^Ol(N^ 


I 


S: 


QOCPO 


S     V     ft4 


»4i 


^  J  I 
•p*  "^ 


CO  Op  o 


•         ••••••••••••••••••••••a 


0) 

00 


s 


koeo^O)cpcoo4  0>cDCOcoooo»cpca 


00 
04 


^8^ 


3iS 

•     •     • 

'^  ^  CO 


COCOCQCOCOfiQCOMObCQCQ^^obcOra93COCOCQ^O)c^ 


ll  II 


•    ( 


•^o 


oi^e^adPH2«kOQ9co^oooooa»cpo»gpcpAcocpScj 
u5coaD^t^»op^O'-<copoit^®ooQOoaooi>'CO  »•-.'* 

aa^OllOr-4CQO)OpHpHrHCD«CaOpHpHpi^CDOlU31>>C00400 


sir 


^a 


a  s 


s 


COlQ^ 


04aa^O)p'-^gD04cpepaaoioocoadQ^o^^'-<c^04^ 
0^oi'«©004COoocoxu3pH»?Sa5oOit^u5AcOi--40i>o 

^  ^  ^  ^  ^  'T  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  ^  CO  CO  00  ^  ^ 


I  01  CO 


i:t®'«ti;5  0)"^oiccrt«o®coi-H 

01  P-l  ^H  PH  i-^  PH  PH     ^H  PH     PH 


itftiOCOiO'^^^COlO 


g  I 


CO  CO  CO 


COCOCOl^CQCOCOCOCOCOCOCOOCQCOCOCOCOCOCO^^^^ 


"111 

alOPH 
.-HO) 


1213. 


a  «  " e.  2  - «  :.  :  sg  =9  sP   "^S*     «  © 

3L2 


i?r 


454 


ROTAL  COMMISSION   ON   SEWAGE  DISPOSAL: 


Mr.  6.  J. 
Fowler. 

7  Mar.  1901. 


8409.  What  do  yon  base  your  conclusion  upon,  because 
if  I  remember  the  only  experiments  you  had  made  with 
chemical  effluent  were  by  the  fioecoe  filters.  It  is 
on  that  experience? — Not  only  these,  but  our  experi- 
ments with  settled  sewage.  Before  we  took  septic  tanks 
we  worked  with  raw  sewage  and  settled  sewage  with  beds 
which  afterwards  took  septic  tank  effluent,  and  we  never 
got  a  non-putrefactive  effluent  with  one  contact  under 
these  circumstances,  and  by  no  means  always  with  two, 
wnereas  now  with  septic  tank  effluent  we  get  constantly 
non-putrefactive  effluents  with  one  contact  and  effluents 
of  the  very  highest  degree  of  purity  with  1^  contacts. 

8410.  Then  your  opinion  is  that  septic  tank  action  is 
useful  in  promoting  the  changes  which  come  about  in 
subsequent  filtration  ? — That  is  certainly  my  opinion. 

8411.  Would  you  mind  telling  us  in  your  own  words 
what  you  consider  from  your  recent  experience  to  be  the 
value  of  septic  tanks  ? — One  of  the  first  things  in  which 
a  septic  tank  appears  to  be  valuable  is  that  it  mixes  the 
sewage  as  it  comes  down  from  hour  to  hour  and  pro- 
duces an  effluent  of  a  much  more  equable  composition 
to  go  on  to  the  bacteria  beds,  so  that  these  are  not 
subject  to  very  considerable  extremes,  either  in  the  way 
of  acidity  or  alkalinity,  or  whatever  it  may  be,  according 
to  the  material  that  comes  dovm.     And  further  what  we 
have  found  in  Manchester  1  think  should  be  noted,  and 
it  is  thie,  thwt  in  the  septic  tank  apparently  the  procesa 
whdoh  goes  on  has  a  tendency  to  so  disintegrate  the  bus- 
pended  miatiter  that  it  is  very  much  more  easily  re- 
tain^ on  the  surface  of  the  bed,  or  if  it  penetrates  does 
not  hold  the  water  to  the  same  extent.  That  is  to  say  if 
you  take  a  bobtle  of  crude  sewage,  or  even  of  simply 
settled  serwage,  the  suspended  matter  floats  about  in  it 
in  a  sort  of  emulsion,  and  does  not  show  any  tendencv 
to  settle  ;    if,  on  the  other  hand,  you  take  septic  tanic 
effluent  it  may  be  very  black   in  appearance,   worse 
perhaps  at  first  sight  than  settled  sewage,  but  if  it  is 
allowed  to  stand  in  the  bottle  for  a  short  time  all  this 
black  suepended  maitter  selttles  dawn  quite  oleanly  to 
the  bottom,  and  leaves  a  fadrly  dear  effluent  to  be  dealt 
wdth  on  the  bed,  and  thoA  suspended  maitter  when  lit 
gets  on  to  the  <bed  allows  the  waiter  very  readily   to 
penetrate  thiiough  it.     It  seeons  to  be  in  the  nature  oi  a 
granular   precipitate,    which    ordinary    laboratory    ex- 
perience shows  is  very  easily  washed.    It  does  not  hold 
the  water  as  anything  of  a  gelatinous  nature  would  do. 
I  thmk  that  is  a  point  tiuat  should  be  mentioned  as  the 
result  of  our  experience  in  Manchester.     And  I  should 
like  to  say  that  anything  I  say  applies  merely  to  Man- 
chester sewage,  because  our  sewage  is  essentially  dif- 
ferent from  sewage  in  other  places.     We  have  not  the 
amount  of  greasy  material  that  is  scxnetimes  met  with. 

8412.  Another  advantage  of  the  septic  tank  is  that 
it  digests  as  you  suggest  25  per  cent,  of  the  suspended 
solids  in  the  sewage? — That  is  so. 

8413.  And  there  are  no  chemicals  to  swell  the  volume 
of  the  sludge? — ^And  n:>  cost  in  chemicals.  And  then 
there  is  this,  further.  I  think  it  can  be  shown,  altiiough 
our  (eoLperimentsI  at  present  are  only  very  preliminary, 
I  think  we  shall  find  that  the  actual  chemical  changes 
which  go  on  in  the  septic  tank  are  anaerofbic  changes, 
such  as  to  produce  compounds  which  are  readily  oxi- 
dised by  subsequent  treatment  on  the  beds.  I  think 
that  it  is  probable  that  it  is  easier  to  break  down  sewage 
matters  by  preliminary  anaerobic  ac£ion,  followed  by 
oxidiat:.cin,  than  if  the  process  is  throughout  one  of 
oxidation.     That  is  our  experience. 

8^4.  (Chairman.)  Open  and  closed  septic  tanks? — 
We  made  that  exjperiment.  We  camipared  tiie  effluent 
from  the  two  over  a  considerable  period  of  time,  and 
the  results  were  practioally  idenit&cal. 

8416.  (Professor  Bamsay,)  There  is  one  more  point. 
The  laat  witness  we  have  had  to^arf  told  us  that  his 
experience  at  Leicester  corroborates  a  remark  which  is 
made  by  the  Philadelphia  Sewase  Heport,  namely,  that 
i(  the  action  does  not  go  on  too  long  in  the  septic  tank, 
thtt  effluent  from  it  is  more  easily  oxidised  than  rf  the 
septic  tank  action  goes  on  to  an  end.  Has  Mr.  Fowler 
made  any  experiments  in  connection  with  that  ? — ^I  have 
no  definite  results  on  that  head.  We  are  rather  of 
opinion  from  a  few  isolated  oibservations  that  we  have 
made — for  instance,  the  fidftration  of  septic  tank  effluent 
alter  it  has  been  standing  quiescent  over  the  week  end, 
that  very  probably  you  can  allow  the  septic  action  to  go 
too  far,  that  the  ^uent  becomes  foul,  and  it  does  not 
subsequently  oxidise  as  readily.  I  think  that  that  is 
quite  probable,  but  I  have  no  very  definite  evidence 
to  give  on  the  subject. 


8416.  (Colond  Ha/rding,)  The  point  is  materuJ,  be- 
cause it  affects  the  rate  of  flow,  dioee  it  not  ? — Gertsinly. 

8417.  You  have  told  us  that  vour  results  were  ob- 
tained (froon  a  flow  which  w^ould  fill  the  tank  in  12 
hours.      Is  not  that  so? — Yes,  that  is  so. 

8416.  And  it  is  interestinjp^  to  know  whether  it  is 
beitter  to  have  that  rate  at  flow  or  one  very  much 
alower  ?— OertaiLnly.  We  have,  of  oouiee,  directed  our 
experiments  rather  to  see  avhat  we  ooukL  do  yritii  the 
plant  we  have  at  hand. 

8419.  (Professor  Bamsay.)  Had  the  open  septic  tank 
a  12  hours'  flow  to  commence  with  ? — ^Probably  it  may 
be  taken  that  it  was  a  12  hour^  flow  from  the  oom- 
mencement,  because,  unfortunately,  we  ran  the  tank 
rather  fast  at  Uie  beginning.  The  rate  of  flow  at  the 
beginning  was  rather  greater  than  it  recently  became. 

8420.  Then  you  state  that  the  suspended  matter  en- 
tering the  tanK  was  26  orains.  How  was  that  deter- 
mined ? — Simply  by  wedghdng  on  a  filter  paper. 

8421.  I>id  you  take  any  aooount  of  colloidal  substances 
that  could  ]>ass  through  the  filter  ? — ^No,  we  have  merely 
taken  what  remains  on  the  filter  paper. 

8422.  Have  you  any  idea  of  the  weight  of  the  gas 
evolved  from  the  tank?  Have  any  experiments  of  that 
kind  been  made?— Of  course  we  can  calculate  the 
weight  from  the  volume. 

8423.  Has  that  been  done  ? — ^We  calculated,  as  far  as 
I  reoollect,  that  about  50,000  cuibic  feet  of  the  gas  ihat 
we  got,  that  was  evolved  from  the  tank,  made  one  ton. 
I  am  speaking  now  simply  from  memoiy. 

8424.  And  what  amount  of  the  26  per  cent,  of  the 
solids  digested  would  this  gas  represent? — ^That  I  could 
not  give  you  on  the  spur  of  the  mioment,  but  we  did 
make  that  calcultation,  and  it  did  not  account  for  the 
whole  of  the  solids  digested.  Certainly  I  can  say  so 
much. 

8425.  Was  it  a  very  large  pioporbion  of  it? — 'Not  a 
very  large  proportion  of  it,  tf  1  recollect  aright. 

8426.  It  would  be  interesting  to  go  into  that  poinft, 
would  it  not.  to  see  how  much  of  the  solids  diaappear 
as  gas,  and  how  much  disaptpeans  as  soluble  matter?— 
I  may  say  fuither  tihere  is  some  difflculty  in  our  case 
where  this  point  has  oome  up,  and  we  have  thought  it 
over,  and  we  are  going  to  msike  some  further  determi- 
nations. One  way  of  working  would  be  to  determine 
the  total  dissolved  solide  in  the  sewage  as  it  enters  and 
the  eewage  as  it  goes  away. 

8427.  That  is  the  next  question  I  was  going  to  put 
to  you.  Hiaive  you  made  any  deteiminations  oi  the 
solids  in  solution? — We  hwe  made  a  few,  and  to  our 
surprise  there  were  apparently  fewer  dissolved  solids 
in  the  effluent  than  in  the  sewage,  and  our  only  expla- 
nation of  that  was  that  a  certain  deposit  of  lime  had 
taken  place  in  the  tank.  There  are  laige  quantities 
of  lime  salts  in  Manchester,  and  that  seemed  to  make 
the  research  very  diflScult. 

8428.  That  is  to  sav  that  the  solids  which  had  been 
digested,  and  had  tnerefore  gone  into  solution,  were 
counterbalanced  by  a  quantity  of  lime  depositing  with- 
out solution  ? — ^IRiat  was  our  provisional  hypothesis,  but 
I  may  say  we  are  going  on  with  i^e  prooess. 

8429.  (Cdond  Harding,)  Wbuld  there  not  be  a  de- 
posit of  iion? — ^Yes,  no  doubt 

8430.  So  that  iron  would  also  have  to  be  added  to  the 
lime  ? — ^Yes. 

8431.  (Professor  Bamsay.)  Have  you  ever  tibought  of 
warming  a  septic  tank  hy  waste  steam  ?^-rNo,  it  has 
never  eotored  <mto  our  calculation. 

8432.  Have  you  noticed  anv  difference  between  sum- 
mer and  winter  working  ? — No ;  as  far  as  the  purifica- 
tion of  the  sewage  goes,  the  difference  that  we  have 
found  is  simply  in  the  annount  of  recovery  whidi  takes 
place  in  the  beds  during  the  periods  of  rest,  and  that 
appears  to  be  less  in  the  winter  than  in  the  summer. 

8433.  I  am  speaidng  of  the  sepltic  tank,  not  of  the 
beds.  Does  the  action  appear  to  go  on  more  or  less 
fast  in  the  summer  than  in  the  winter,  or  have  you 
any  data? — I  hav(}  no  data.  Speakdng  from  ordiincy 
observation  I  should  think  it  would  go  on  rather  faster 
in  the  summer.  It  does  not  seem  to  be  very  much 
faater. 

8434.  (Cdond  Harding.)  Do  you  not  think  that  i/ 
you  kept  it  at  a  temperature  of  80  degrees  you  would 
set  more  acthne  septic  conditions  ?--Nb  doubt  it  oould 
be  kept  to  that,  Init  the  smell  is  not  much  greater  in 
the  summer  than  in  the  wdnter. 
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8435.  (Professor  Bamsay.)  Tou  said  the  digestion  in 
the  t&nk  was  best  during  cold  weather? — ^Na;  I  said  I 
did  not  notice  any  very  great  difference^  In  these  ex- 
periments of  ours  the  two  periods  that  we  took  the 
observations  in  were  :  First,  from  May  16th  to  Novem- 
ber 14th,  and  then  agiain  from  November  14th  to  January 
24th.  Those  are  hardly  comparable,  because  in  one 
case  the  tank  was  starting,  and  in  the  second  case  it 
hiad  got  to  its  full  acrtivity. 

^  8436.  (Dr.  Bitssell)  With  reference  to  these  deposit 
chambers  that  you  ate  constructing  in  the  septic  tank, 
I  did  not  quite  follow  the  process  by  which  you  return 
the  deposit  from  the  outlet  to  <the  inlet  again  so  as  to 
give  it  a  chance  of  being  digested.  Further,  is  it  auto- 
matic, or  does  it  involve  labour  ^We  do  not  propose  to 
return  that  deposit  to  the  tank,  therefore  iit  will  be 
taken  laciually  away.  We  assume  that  when  it  has 
attained  such  an  amount  as  that  at  the  far  end  that 
it  will  to  a  considerable  extent  have  been  disintegrated. 
We  have  made  no  provision  for  returning  it  actually  to 
the  tank,  although  I  may  say  it  would  be  quite  easy  to 
do  so  by  the  pumping  apparatus  <by  which  we  can 
easily  pump  it  b&dk,  and  treat  it  to  any  extent.  There 
would  be  no  difficulty  whuvtever. 

8437.  It  is  the  labour  involved,  it  is  important  that 
it  should  be  done,  but  it  is  a  question  of  labour.  Tou 
have  told  us  something  about  a  pipe  beneath  the  tank 
communicating  between  the  two  f— There  would  be  no 
labour  other  thcui  the  opening  of  the  valve,  because 
we  imagine  that  the  weight  of  the  water  will  force  itself 
through  to  the  required  extent.  If  it  should  not  be  so 
it  will  be  easy  to  run  off  the  water  by  a  floating  arm, 
and  put  men  in  who  will  quickly  push  it  through  the 
pipe.  Then  it  will  run  down  a  channel,  and  will 
easily  be  sent  away  to  sea,  or  it  can  be  pumped  back 
into  the  treatment,  and  go  through  the  thing  again 
without  any  difficulty  whatever. 

8438.  (Mr,  Killick,)  I  think  yoa  expressed  the 
opinion  that  your  septic  tanks  should  be  capable  of 
containing  twice  the  daily  flow  ?— «!  said  that  the  results 
whioh  we  have  obtained  are  got  on  tanks  having  a 
capacity  equal  to  half  the  dbnly  flow. 

8439.  Yes,  but  looking  forward  to  the  treatment  at 
five  times  the  vir)lume  of  the  daily  flow,  you  recommend 
tanks  that  will  hold  twice  the  daily  flow  I^But  I  would 
not  propose  to  treat  five  times  the  volume  of  the  daily 
flow  by  septic  action. 

e44a  If  you  received  five  times  the  daily  flow,  will 
you  put  it  through  on  septic  tanks  ?— Oh,  no,  not  all 
of  it. 

8441.  Not  all  of  it  ?— Oh.  no. 

8442.  (CoUmd  Harding,)  How  would  you  deal  with  it? 
— ^We  should  pass  it  through  settling  tanks  and  start  on 
Ike  storm  bed. 

8443.  (Mr.  KiUick.)  Then  your  settling  tanks  of  what 
capacity  do  you  propose  those  should  be  ?— There  will 
be  four  of  them  altogether  of  the  united  capacity  of 
something  like  6,000,000. 

3444.  And  the  storm  flow  which  is  turned  into  these 
fettling  tanks,  the  sewage  itself  would  be  in  a  septic 
condition  after  passing  through  your  sewers  ? — ^Hardly. 

8445.  Hardly  ? — In  the  case  of  a  storm  it  would  come 
ilown  so  fast  that  it  would  be  practically  fresh  sewage  ; 
in  fact,  the  sewage  when  it  gets  to  the  works  now, 
although  it  is  to  some  extent  disintegrated,  is  yet  fresh 
as  compared  with  what  we  get  from  the  septic  tank. 

8446.  Then  your  storm  waters  which  will  be  turned 
from  these  septic  tanks  will  not  undergo  any  septic 
action? — No.  One  provision  which  we  have  made  has 
been  rather  carefully  directed  to  the  end  that  we  shall 
not  put  septically  treated  sewage  on  to  our  storm  beds. 
That  seems  to  me  of  importance,  because  we  have  found 
unmistakably  that  if  a  bed  has  been  used  to  septic 
sewage  it  will  not  at  once  purify  fresh  sewage,  and  vice 
vers&j  therefore  it  is  important  that  anything  which  is 
turned  on  to  the  storm  beds  should  be  fresh,  and  I  pro- 
pose to  keep  them  in  action  by  giving  them  a  daily  dos^ 
of  ordinary  settled  sewage  just  to  keep  them  going. 

)5447.  And  you  would  rather  say  that  beds  accustomed 
to  septic  sewage  ^dll  not  be  efitcient  for  non-septic 
se'vage,  and  vice  versdf  rather  than  that  septic  sewage 
is  not  suitable  for  treatment  on  a  filter  bed  7 — Certainly. 

8448.  It  is  the  change?— The  change,  yes.  I  think 
that  that  is  a  point  which  it  is  important  to  emphasise 
because  we  have  noticed  that  very  frequently. 

8449.  (Cohnd  Harding. )  Then  the  other  point  that  we 


now  reach,  Mr.  Fowler,  is  this  as  to  the  possibility  of  Mr.  a.  J. 
maintaining  capacity  in  contact  beds  when  dealing  with  ^^^wfer. 
septic  tank  e^uents  from  which  you  have  withdrawn  as  7  Mar.  1801. 

much  of  the  suspended  solids  as. you  found  to  be  prae-     

ticable.  Now,  since  we  had  the  advantage  of  examining 
you  in  Manchester  you  have  had  additional  experience 
oi  some  nine  months,  and  therefore  we  are  very  much 
interested  to  hear  from  you  how  far  you  have  been  able 
to  maintain  the  capacity  of  your  beds.  I  notice  that  on 
page  1  of  your  report  you  speak  to  us  about  the  little 
Koscoe  beds,  and  you  tell  us  that  they  have  been  work- 
ing for  five  years,  but  that  they  have  recently  reached  a 
condition  when  it  became  necessary  to  wash  out  a  certain 
portion  of  the  material.  I  think  some  12  or  14  inches 
of  it,  was  it  not  ? — That  was  so. 

8450.  The  sewage  did  not  pass  down  any  longer  and 
the  time  came  when  something  had  to  be  done,  and  you 
washed  that  part  of  your  beds,  and  by  such  washing  have 
restored  a  considerable  portion  of  their  capacity  ? — ^Yes. 

8451.  But  those  Roscoe  beds,  I  think,  have  been  work- 
ing during  the  whole  of  that  period  with  the  effluent 
from  chemical  precipitation,  an  effluent  which  I  think 
Sir  Henry  Roscoe  told  us  only  contained  about  3  grains 
per  gallon  of  suspended  matters  ? — That  is  so. 

8452.  So  that  they  really  have  been  worked  very  little  • 
indeed  in  regard  to  suspended  matters,  and  the  experi- 
enc  with  the  Roscoe  filters  would  scarcely  be  a  guide  to 
you  for  the  dealing  with  a  septic  tank  effluent  containing 
11  grains  of  suspended  matter  ? — ^Not  entirely. 

8453.  Then  I  will  not  spend  time  about  the  Roscoe 
filters,  nor  indeed  ask  you  any  questions  as  to  the  way 
you  have  been  working  these  various  beds.  You  gave 
us  very  full  information  before,  but  with  regard  to  your 
beds  a,  &,  c,  d,  which  are  the  experimental  beds  advised 
by  your  experts,  I  see  that  you  give  us  certain  inioimar 
tion-     (See  tables,  pages  815-82^.) 

8454.  Now  the  information  that  you  give  us  covers 
four  or  five  pages  ^nd  is  voluminous,  and  no  doubt  is 
useful,  but  I  have  endeavoured  to  extract  from  it  a  con- 
dition at  the  beginning  and  the  end  of  the  periods  and 
to  select  conditions  which  would  make  the  comparison 
a  fair  one.  Now  take  bed  a.  I  find  that  in  June,  1900, 
the  capacity  with  one  week*s  rest  and  one  filling  and 
six  hours'  draining  was  2,400  gallons? — ^Yes. 

8455.  Then  I  find  that  in  February,  1001,  bed  a  with 
one  week's  rest,  one  filling,  and  six  hours'  draining,  that 
is  the  same  conditions  that  I  named  before,  had  a  capa- 
city of  1,910  gallons  ?— Yes. 

8456.  Now  we  take  bed  b.  I  find  that  h  in  June,  1900, 
after  one  week's  rest,  one  filling,  and  1^  hour's  draining 
had  a  capacity  of  3,200  gallon's  ? — ^Yes. 

8457.  The  same  bed  in  January,  1901,  after  seven 
days*  rest,  one  filling,  and  1^  hour's  draining,  had  a 
capacity  of  2,  TOO  gallons  ?— Yes. 

8458.  Bed  c,  on  the  29th  of  June,  1900,  after  one 
week's  rest,  one  filling,  and  six  hours'  draining,  had  a 
capacity  of  2,480  gallons  ;  and  the  same  bed  on  the  17th 
of  January,  1901,  with  one  week's  rest,  one  filling,  six 
hours'  draining,  had  a  capacity  of  2,230  gallons  ?— Yes. 

8459.  Then,  finally,  bed  d  had  on  May  17th,  1900, 
after  two  hours'  draining,  2,380  gallons  capacity ;  same 
bed  September,  1900,  afiter  one  week's  rest,  one  filling 
and  2^  hours'  draining  >had  a  oapacity  of  2,130  gallons. 
Now,  ckldang  together  thpse  four  inatiaiL  capacities  at  the 
earlier  dates,  I  find  Uiat  the  total  capacities  at  those  times 
of  xb^e  four  beds  is  10,550,  and  adding  together  the 
final  capacities  of  the  four  beds  they  amount  to  9,050 
gallons,  and  diow,  therefore,  that  for  the  four  beds,  there 
has  been  an  avesage  reduction  of  13  per  cent,  in  about  six 
months  ;  is  that  a  fair  way  of  putting  it,  Mr.  Fowler  ?— 
There  has  undoubtedly  been  a  ceitain  amount  d  loss  ot 
capacity,  but  I  think  it  is  only  fair  te  note  that  the  earHer 
measuremente  were  made  in  the  summer  time,  and  tihese 
latter  measurements  made  in  the  winter  time.  You  will 
notice  in  the  case  of  the  last  nveasurement  of  a,  the  mow 
was  on  the  surface  of  the  bed  almost  all  the  rest  week,  and 
thaltwehave  certainly  found  has  been  that  youdosvotget 
the  same  value  for  your  periods  of  rest  in  ttie  wiJiter.  If 
you  give  a  bed  a  week's  rest  in  the  winter  it  does  not 
seem  to  recover  itself  to  anything  like  the  extent  thai 
it  does  in  the  summer.  And,  perhaps,  I  might  refer 
you  to  previoriB  dbeepvwtiMis  of  capacity  during  the  fonner 
winter,  eaid  then,  I  think,  it  will  be  seen  that  oomrparinsr 
winter  capacity  with  winter  capacdty  Iflie  capacities  now 
are  actually  greater  conaiderably  than  theiy  were  at  that 
time. 

8460.  And  the  fact  of  your  having  lost  12  per  cent. 
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Mr.  Q.J.    capacity  in  the  last  six  months  does  not -cause  you  any 

flnoter,     alami  in  view  of  the  circumstance  you  have  mentioned 

7  M^nwi  *^**  y^^  *'®  comparing  winter  with  summer  capacities  1 

— '. —    '  — I  hope,  I  thjink,  with  som<e  amount  of  reason  that  in  the 

Sftunmer  we  shall  more  than  recover  that  aonount  that  has 

been  lost. 

8461.  Against  ithis  reduction  is  to  be  sett  the  fact  that 
in  the  filter  beds  oonueoted  with  your  Cameron  plant  you 
have  showed  that  there  had  been  an  actual  increase  of 
capacity  in  these  beds  after  six  months'  work? — ^Tihai  is 
00.  I  was  particularly  careful  about  these  measurementa. 
They  were  made  more  than  once  ;  one  made  in  January, 
and  another  in  February,  because  it  seemed  to  me  rather 
extraordinary  that  it  should  be  so,  but  I  can  aee  no  reiu- 
son  for  doubting  their  accura<^. 

8462.  And  there  has  been  no  removal  of  die  surface 
or  of  matter  on  ttie  surface  of  those  beds  ? — ^Not  of  those 
beds.     Of  some  o£  the  beda  it  has  been  so. 

8463.  But  you  would  expect  on  continuous  working  of 
contact  beds  with  septic  effluent  that  there  would  be  a 
gradual,  thougjh  it  might  be  a  very  slow,  reduction  of 
capacity  ? — Well,  I  am  not  prepared  to  grant  tbajt  at  once, 
because  tbiere  wiU  undoubtedl^r  be  an  initial  and  pretty 
rapid  reduction,  but  on  examining  these  beds  we  find 
that  there  is  a  veiy  marked  difference  'between  the  first 
aix  dnches  and  the  ma^n&l  beiow.  The  first  six  inches 
is  just  like  ordinary  black  aoil,  underneath  that  the 
ouideis  are  peif  eotly  looee.  If  you  put  a  fork  in  they 
faJ'l  apart,  and  there  seeme  to  be  no  tendenoy  for  them 
to  bind  together  into  a  solid  mass.  What  I  do  think  is 
possible  is  th^at  there  might  be  a  slight  disintegration  if 
ithe  material  i&  not  very  good.  We  have  found  for  in- 
stance, in  washing  out  the  Bosooe  beda  that  a  great  pro- 
portion of  what  Tou  washed  out  was  actually  fine  pieces 
of  <dinker,  end  tnat  in  procees  of  time  there  may  be  this 
certain  amount  of  disintegration  and  settling  of  the  bed, 
but  if  you  are  very  careful  to  get  hard  material  to  begin 
with,  that,  I  think,  should  be  reduced  to  a  minimum, 
and  if  this  decrease  of  capacity  was  an  absolute  deoiease 
it  seems  to  me  extraorddnary  that  you  should  be  able  to 
recover  it  at  all,  because  if  the  space  is  not  actually  there 
you  could  hardly  imagine  that  you  could  get  it  back 
again,  whereas,  as  I  say,  taking  thie  meaaurements  a  year 
ago,  they  are  now  actually  more  than  they  were  at 
that  time. 

8464.  In  those  particular  beds,  in  the  beds  connected 
with  the  Oameron  ? — In  the  Cameron  beds,  and  also  in 
these. 

8465.  In  a,  h,  c,  d1 — I  might,  x>erhaps,  just  refer  to 
the  results  I  gave  previously.  Tou  will  find,  I  think, 
here  on  March  1st,  1900,  a  bed  was  measured  after  3^ 
hours,  and  gave  a  capacity  of  1,940,  which  is  very 
much  the  jsame  as  it  gives  at  present,  and  on  April 
the  11th,  1900,  the  capacity  had  gone  down  as  far  as 
1,480,  and  it  is  now  1,900.  And  again,  c  bed,  on 
April  3rd,  1900,  was  1,570,    and  it  is  now  2,780. 

8466.  Then  we  may  take  it,  Mr.  ifawler,  that  in  your 
experience  over  the  whole  period,  notwithstanding  the 
changes,  rises  and  faills  of  capaoity,  the  capacity  has  been 
fairly  maintained  working  with  septic  tank  effluent? — 
Working  with  septic  tank  effluent  the  figures  show  that 
the  capacity  has  been  fairly  maintained  throughout  that 
period. 

8467.  And  in  the  new  beds  which  you  are  proposing  to 
lay  down,  which,  I  think,  you  are  actually  laying 
down,  you  are  endeavouring  to  arreet  on  the  surface  of 
the  bed  as  much  suspended  matter  as  you  can  'by  ufdng 
fine* screened  material  as  the  top  layer  of  the  material? 
—Yes. 

8468.  And  the  experience  you  have  h^d  since  we  ex- 
amined you  nine  months  ago  does  not  lead  you  to  change 
your  opinion  on  that  point  ? — ^No,  I  have  not  changed  it. 

8469.  You  have  a  single  filter  bed  ;  I  think  you 
«all  it  a  cinder  screen  bed  ? — ^Yes. 

8470.  On  which  you  have  (been  using  chemical  effluent 
at  a  rate  of  lialf  a  million  gallons  per  acre,  and  getting 
good  results.  I  see  in  that  case  you  have  been  getting  a 
bright  filtrate  with  no  auspended  matter  ? — ^That  is  so. 

8471.  And,  th<urefore,  there  would  be  some  reduction 
of  capacity  ;  you  do  not  say  anything  about  the  reduction 
of  cafpacity,  but  if  it  is  omy  fimall,  we  need  not  inquire 
into  it? — 1  think  not. 

8472.  You  have  a  rough  cinder  bed.  l^iis  haa  somtf 
interest  for  us,  becauae  you  are  using  it  as  a  storm  bed  ? 
—Yes. 

8473.  I  understand  you  have  had  no  waahing,  cleaning 
<d  tih-at  bed,  or  any  removal  of  accumulations  upon  it. 


all  that  you  have  done  to  it  recently  is  to  rake  it  OTerf 
— ^That  is  all  that  has  been  done. 

8474.  And  that  it  has  been  working  for  six  monthB 
wl'th  two  filliiigs  a  day  during  time  of  dry  weather  How 
—two  fillinga  of  what?— Of  chenuioal  effluent. 

8475.  And  when  there  has  been  a  highly  dilute 
sewage,  you  have  been  streaming  such  dilute  sewage  con- 
tinuously over  it  at  the  rate  of  2^  million  gallons  per 
acre? — ^I?hat  is  so. 

8476.  And  you  have  not  found  any  choking  to  arise,  at 
ieaat  not  to  the  extent  of  preventing  the  sewage  going 
down  into  the  bed?— None,  whatever. 

8477.  In  fact,  so  far  as  you  have  been  able  to  judge 
after  a  week's  rest  the  bed  is  in  working  order?— That 
16  so. 

8473.  And  you  state  in  your  report  the  filtrates  are 
for  the  most  part  non-putresdible  ?— -Yes. 

8479.  An  interesting  point  to  ascertain  would  be 
whether  it  is  better  to  use  a  shallow  than  a  deeper  bed, 
and  this  15in.  bed  seems  to  have  given  you  very  goo^. 
results  ? — ^My  own  feeling  would  be  that  if  you  had  acre- 
age enough  it  would  be  advantageous  to  do  so.  The  bed 
diains  so  rapidly,  and  you  get  it  very  easily  aerated,  and 
ijertainly  my  own  preference  would  be  for  fdiallow  beds 
supposing  you  had  a  sufficient  area  of  land. 

8480.  But  then  the  highly  dilute  sewage  which  you 
have  been  streaming  over  this  particular  bed  would  not 
contain  much  suspended  matter  ? — At  times  it  contains  a 
fair  amount. 

8481.  Did  you  find  as  much  suspended  matter  come 
out  of  so  shallow  a  bed  ? — ^A  small  amount  would,  and 
when  we  had  veiy  rough  storm  water  going  on  naturally 
the  filtrates  were  muddy  and  opalescent,  but  they  did 
not  contain  an  excessive  amount  of  suspended  matter. 

84S2.  And  youir  experience  in  working  that  bed  with 
^torm  wallers,  and  of  a  shallow  depth  of  15  inches,  has 
been  encouraging  ? — Yeiy  encouraging ;  I  might  sav  that 
iimmediately  round  the  inlet,  as  you  would  naiurally  ex- 
pect, there  is  a  certain  amount  of  accumulations  of  silt 
over  the  surface,  but  dt  is  quite  easy  just  to  push  that 
aside  with  the  spade,  and  the  clinkers  underneath  are 
quite  good,  and  at  the  far  end  on  taking  up  the  bed  the 
cinders  are  quite  crisp.  Of  course  in  this  particular  case 
the  sewage  was  rushed  on  to  the  bed  by  one  penstock 
at  one  particular  point,  and  all  the  euapendea  matter 
appears  to  have  colleoted  just  round  there. 

8483.  {€hairman.)  I  should  just  like  to  ask  you  one 
;|uestaon  about  these  beds  at  Friem  Bamet  and  Cflifton 
Junction  ;  these  beds  you  say  have  been  workins^  satis- 
factorily for  sttch  a  long  period  ^as  ten  years  ? — ^^at,  I 
believe  ta  be  the  fact ;  I  am  told  so  with  (reference  to 
Friern  Bamet,  and  I  know  the  engineer  very  well  of 
the  Clifton  Works. 

8484.  But  you  hiave  not  taken  measurements  there 
^rourself  ? — Oh,  no  ;  it  is  sknply  information  which  has 
been  conveyed  to  me. 

8485.  You  say  that  a  bed  may  maintain,  practdcally 
speaking,  a  oonabant  capacity  ? — ThaA,  ia  so  ;  a  constant 
average  capacity,  I  would  prefer  to  say. 

8486.  Well,  that  constant  average  capaoity  wiH  not  1)e 
its  full  capacity  at  the  starting  point  ?---0h,  no. 

8487.  And  about  what  proportion  should  you  say  was 
a  possible  constant  capacity  ?— 'Well,  I  think  one  would 
be  safe  in  saying  from  25  to  30  per  cent,  of  the  total 
water  capaoity  of  the  tank.  That  is  how  we  have  usually 
calculated  it. 

8488.  (Major-Oeneral  Carey.)  Of  the  gross  capacity? 
— Of  the  gross  capacity. 

8480.  (Mr.  KiUick,)  Before  you  put  your  cinders  in? 
— Before  you  put  your  cinders  in.  For  instance,  you 
see  before  putting  the  cinders  in,  these  tanks  would 
hold  some  10,000  gallons,  and  even  as  we  have  worked 
them,  and  it  must  be  borne  in  mind  too  that  these 
figures  are  for  periods  of  forcing  and  various  experi 
ments  done  with  other  ends  in  view  than  merely 
maintainin£[  the  capacity,  it  seems  that  we  can  at  auL? 
rate  keep  the  capacity  up  to  2^0,  that  is  25  per 
cent,  you  see,  and  in  some  cases  more  than  that, 
perhaps  even  more  than  30  per  cent.,  but  I  think  one 
would  be  safe  in  saying  from  25  to  30  per  cent. 

8490.  (Chaimian.y  But  does  it  not  seem  to  you  a  very 
remarkable  thing  that  you  ahould  lose  three  quarters 
of  the  capacity  and  maioitain  one  quarter? — That  is 
how  it  works  out.  Why  it  should  ha|^>en  to  be  lust  that 
figure  I  can  hardly  say.  Of  course,  the  reduction  of 
capacity  is  due  in  the  first  place  undoubtedly  to  the 
consolidation  of  the  mAterial.    When  it  is  first  put  in 
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it  is  quite  loose,  aud  by  working  it  it  works  itself 
together,  and  one  piece  sets  into  another,  and  then  one 
notices  on  cutting  down  a  bed  that  there  is  a  shining 
jell  J  all  orer  the  cinders.  If  the  bed  is  in  good  oon. 
ditdon  thedre  should  be  very  little  blackness,  but  ju«t 
this  gelatinous  appearance,  which  Mis  up  the  inter- 
•<noes,  and  in  my  mind  when  that  condition  has  set  in 
the  capacity  is  of  necessiity  you  may  say  more  or  less 
conatant,  Wsause  very  little  more  can  get  in.  Any 
decrease  of  capacity  appears  to  be  very  largely  due  to 
imperfect  drainage,  to  possibly  too  great  an  occuimuila- 
lion  of  those  organic  growths  retarding  the  drainage  of 
the  water  from  the  bed. 

8401.  But  you  do  not  think  it  is  only  a  question  of 
time.  I  mean  that  you  might  lose  one  quarter  direotly, 
a  half  less  quickly,  three  quarters  less  quickly  than 
that,  and  be  a  long  time  over  the  last  quarter ;  but  you 
do  not  think  that  ultimately  you  would  lose  it  allf— 1 
do  not  think  that  that  is  possible. 

8402.  You  do  not  think  that  that  is  possible? — I 
Ihink  you  might  get  the  capacity  down  to  such  a  point, 
1  will  say  this,  that  it  would  no  longer  be  economical, 
and  then  possibly  you  would  have  to  take  some  rather 
severe  measures;  and  I  may  sav  that  in  making  eslsi- 
mates  for  the  upkeep  of  the  work  in  l^e  ^future  I  have 
allowed  for  a  certain  amount  of  washing  to  be  done  at 
very  infre<]ruent  intervwJs.  I  think  it  will  be  possible 
by  mechanical  contrivance  to  do  that  very  cheajSy  from 
all  the  experience  we  have ;  not  to  waMi  the  upper 
layer — most  of  the  suspended  matter  will  be  in  the 
upper  layer,  and  that  it  would  not  be  economical  to 
wash  ;  I  think  it  would  be  much  better  to  remove  that, 
and  let  it  reoover  itself,  an4  perhaps  put  it  back  or  take 
a1>solutely  fresh  material,  because  it  is,  of  course,  very 
cheap  such  a  fine  cinder  as  that,  and  then  it  may  pos- 
sibly answer,  say,  once  in  ten  years,  or  some  such  time 
as  that  to  wash  the  portion  immediately  round  the 
inlet.  What  we  are  endeavouring  to  do  is  to  combine 
a  mechamcal  filter  with  a  liaoteriological  filter.  Instead 
of  setting  apart  one  particular  piece  of  apparatus  to 
mechanically  retain  our  suspended  matter  by  the  con- 
struction of  our  beds  we  hope  to  retain  it  either  on  the 
top  or  immediately  round  the  inlet,  and  we  shall  make 
it  our  busineea  to  stop  that  bed  when  the  matter  is 
penetrated  to  a  sufiioient  extent. 

8405.  (Mr.  Ktdkh.)  Might  we  have  the  figures  quite 
clear  about  the  capacity ;  I  think  tliat  they  are  not 
quite  clear.  The  total  gross  capacity  of  your  tank  is 
la 000  gallons?— Yes. 

8404.  What  is  the  total  water  capacity  7— 6,000. 

8406.  Then  it  decreases  to  2,600?— 

8406.  (Cotbnel  Harding.)  Another  way  of  putting  it, 
which  is  perhaps  clear,  is  that  the  capacity  is  reduced 
to  half  the  water  capacity  ?— Yes. 

8407.  And  it  is  found  to  be  capable  of  maintenance 
at  that  ?— Yes. 

(Major-General  Carey.)  But  that  is  not  the  working 
capacity ;  it  is  reduced  to  half  when  it  is  filled.  But 
then  it  goes  further  down  to  30  per  cent. 

8408.  (Colonel  Harding.)  No;  these  are  the  facts. 
The  empty  bed  witliout  any  coke  in  it  has  a  capacity  of 
10,000  ;  when  the  coke  has  been  put  in  there  is  s 
water  capacity  of  6,000.  That  water  capacity  of  6,000 
is  gradually  reduced  until  it  reaches  half  such  cajnoity, 
namely,  2,600,  and  at  that  figure  it  is  found  to  be  fairly 
maintained,  working  with  septic  effluent.  Is  not  that 
«o  7 — That  is  so. 

(Major-Oeneral  Carey.)  That  would  be  25  per  cent,  of 
the  gross. 

8400.  (Colonel  Harding,)  It  is  26  per  cent,  of  the 
gross,  and  it  is  50  per  cent,  of  course  of  the  watar 
rapacity  ?— Yes. 

8500.  (Chairman.)  Quite  so.  The  10,000  is  nothing, 
because  the  10,000  is  without  any  jfilter  at  all :  it  ?« 
renllv  that,  it  loses  half  its  capacity? — Precisely. 

85C)1.  And  the  remainrtit(  half  you  think  remains  per- 
manent on  an  average  ? — On  an  average. 

8502.  You  have  told  us  you  only  speak  alwut  the 
Mtanchesfer  sewage,  but  you  would  be  prepared,  I  sup- 
pose, to  find  that  sewage  of  a  different  character  mifl^lit 
suit  infiniteW  more  than  Manchester  does?— I  think 
unquestionably.  I  think  one  reason  for  our  success 
has  been  the  fact  tliat  I  was  describing  just  now  that 
the  suspended  matter  in  our  tank  effluent  is  of  a 
gramftlar  nature.  If  we  had  anything  like  an  emnlsinn 
of  fat  W'hioh  would  get  into  the  filter  bed,  and  make  a 
maRB  of  greasy  material  inside  the  bed  Hien  we  should 
be  in  a  very  different  position. 

1213. 


8503.  Aud    you    attach    great   importance    to    your    mt.q.j. 
material  being  very  hard  ?-%eitainly.  Fwitr. 

8604.  (Major-General  Carey.)  Yoa  said  that  when  7  >£».  1801. 
the  working  capacity  has  reached  a  certain  limit  thero 
is  no  further  breaking  down  of  the  filtering  material  t — 
I  do  not  thixik  so  unJess  it  is  very  modh  disturbed.  I 
think  if  it  is  filled  gradually,  and  only  the  surface 
raked  that  the  material  becomes  coated  with  this  alime, 
which  acts  as  it  were  as  a  lubricant,  and  consequently 
there  shouJd  not  be  very  much  more  disintegration, 
unless,  as  I  say,  you  have  bad  material.  If  you  put  in 
shaly  clinkers  of  course  in  time  those  will  go  together, 
but  it  is  certain<ly  important  you  should  have  hard, 
well-fused  clinkers. 

8506.  Have  you  formed  any  opinion  as  to  the  life  of 
filtering  material,  say  clinker  or  coke?— I  think  it 
may  go  on  almost  indefinitely.  As  I  say,  I  have 
visited  this  filter  at  Clifton  Junction,  and  taken 
samples  from  that,  and  the  coke  was  perfectly  hard, 
and  after  five  years  the  material  in  the  Boscoe  filters  is 
as  hard  as  ever.  It  shows  no  sign  of  diflLntegration 
except  at  the  top,  where  it  has  l^en  forked  and  dis- 
turbed to  a  considerable  extent. 

8506.  (Professor  liamsay.)  How  many  grains  of  sus- 
pended matter  did  the  effluent  that  went  on  to  the 
Boscoe  filters  contain  ? — About  3  ;  perhaps  that  is  an 
average,  but  sometimes  in  storm  time  I  may  say  they 
often  had  storm  water,  and  then  it  would  be  consider- 
ably more  than  that. 

8607.  Do  you  determine  the  sludge  by  evaporation  to 
dryness  or  by  filtering  ? — By  filtering.  We  would  take, 
for  instance,  a  Winchester  full  and  let  it  settle,  an(l 
further  we  get  the  amount  of  suspended  matter  in  the 
tank  effluent  with  considerable  accuracy  by  passing  it 
through  a  patent  mechanical  filter  a  great  many  gallons 
of  it  and  weighing  up  the  suspended  matter  which  was 
washed  out  of  the  filter. 

8508  And  in  the  chemically  precipitated  effluent 
about  how  much  albuminoid  ammonia  and  oxygen 
absorbed  is  there  ? — That  has  varied  during  the  period 
of  the  experiment.  In  the  early  years  the  oxygen 
absorbed  would  be  about  2,  and  the  albuminoid 
ammonia  perhaps  about  '26.  Latterly  the  oxygen 
absorbed  has  gone  up  to  6,  6,  or  even  7,  and  the 
liquid  ammonia  to  perhaps 

8500.  (Mr.  Killick.)  Gone  up  to  8  and  9  ?~The  oxygen 
absorbed  is  there? — That  has  varied  during  the  period 
albuminoid  ammonia  probably  from  '3  to  '35,  or  even 
occasionally  more. 

8510.  (Professor  Ramsay.)  Is  that  owing  to  a  change 
in  the  character  of  the  Manchester  sewage  ? — Oh,  yes  ; 
it  has  changed  greatly. 

8511.  Within  the  last  five  years  ? — Within  the  last  five 
years  there  have  been  great  changes. 

8612.  (Mr.  Killiek.)  I  might  state  the  reason  that 
Manchester  has  taken  the  manufacturers'  effluent? — 
Yes,  large  quantities  of  manufacturers'  effluent  do  come 
into  the  sewers,  and  it  is  on  that  account  that  the  oxygen 
absorbed  has  risen.  I  may  say  I  remember  the  date 
very  well  when  one  big  connection  was  made,  and  on 
that  occasion  the  oxygen  absorbed  sprang  up  at  once  by 
twic^. 

8513.  (Professor  Bam  say.)  Have  you  examined  the 
mud  which  has  accumulated  in  the  beds  during  the  five 
years  ? — Yes,  I  have  examined  it  carefully. 

8514.  What  is  the  result  ? — There  is  a  certain  amount 
of  organic  material  suspended,  and  the  rest  is  disin- 
tegrated material,  as  I  understand,  inorganic  matter, 
consisting  largely  of  iron,  lime,  silica,  and  alumina, 
and  some  phosphates. 

8515.  Do  you  find  fibre  ? — Not  visibly.  I  may  say  it 
is  absolutely  inoffensive ;  it  dries  down  very  readily. 
There  is  no  kind  of  offence  about  it. 

8516.  On  page  3  is  described  the  cinder  screening  bed  ; 
that  is  the  usual  bed,  15  inches  deep  ? — Rough  cinders, 
yes. 

8517.  Is  that  the  one  that  takes  the  overflow  storm 
water  ? — I  am  not  quite  sure  whether  you  are  referring  to 
the  cinder  screening  bed  or  to  the  rough  cinder. 

8518.  The  cinder  screening  bed  ? — The  cinder  screen- 
ing bed  has  only  taken  precipitated  tank  effluent* 

8519.  It  passes  into  the  rough  cinder  bed ;  it  is  a 
triangular  shaped  bed? — Yes,  in  the  comer  of  one  of 
the  land  filters. 

8520.  I  remember  it.  Do  you  distribute  the  storm 
water  on  to  that  in  any  way  or  simply  run  it  through? 

3  ^r 
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Mr.  G.  J.    — It  is  simply  allowed  to  enter  the  bed  by  one  of  the 

Fo^.     ordinary  penstocks.    Jnst  where  the  force  of  the  water 

7  Mar.  1901.  come^,  we  have  put  down  a  few  ordinary  setts  to  pre- 

vent  the  material  being  washed  about,  and  it  simply 

finds  its  way  into  the  bed,  and  if  we  are  streaming  you 
have,  of  course,  a  sort  of  lateral  filtration. 

8521.  Did  you  deal  with  the  first  flush  of  the  storm 
water  on  that  bed  or  only  the  after  runnings  ? — I  should 
say  in  many  cases  with  the  first  flush.  The  instructions 
that  I  gave  were  that  as  soon  as  chemical  precipitation 
was  stopped  the  water  should  be  turned  on  to  this  bed. 
Of  course,  when  we  get  a  vast  quantity  of  storm  water 
coming  down  it  is  futile  to  add  a  few  grains  of  lime  and 
copperas,  and  when  that  took  place  then  the  instructions 
were  to  work  this  storm  bed. 

8522.  I  suppose  the  bed  is  a  very  cheap  one  ? — ^Very 
cheap  indeed. 

8523.  Do  you  think  such  a  bed  would  serve  any  good 
purpose  to  purify  the  sewage  of  a  small  country  place  ? 
— It  is  just  the  sort  of  bed  that  I  would  recommend. 

{Cdonel  Harding.)  In  that  case  would  not  there  be  a 
tank  that  would  be  simply  for  the  slop  water  7 

(Professor  Bamsay.)  I  meant  to  take  all  the  sewage. 

8524.  (Mr.  KiUick.)  Is  it  not  very  similar  to  the  fine 
bed  which  they  are  using  for  light  sewage  ? — ^I  may  men- 
tion that  we  are  using  this  very  bed  for  purifying  or- 
dinary tank  effluent,  and  it  purifies  it  without  exception. 

8525.  (Professor  Bamsay.)  You  mentioned  that  you 
kept  it  efficient  by  always  putting  some  sewage  on? — 
Yes. 

8526.  (Colonel  Harding.)  If  you  are  to  use  it  for  the 
household  sewage  you  would  get  the  faeces  and  paper 
and  so  on  in  its  almost  tinbroken  condition  ? — I  do  not 
quite  understand — of  course,  always  with  an  intercept- 
ing tank. 

8527.  In  conjunction  with  an  intercepting  tank  you 
think  this  bed  could  be  used? — Oh,  certainly,  but  I 
would  not 

8528.  (Mr.  KiUick,)  A  septic  tank  or  a  settling  tank  7 
— ^Well,  vthere  must  be  a  septic  tank. 

8529.  (Colonel  Harding.)  Following  Professor  Bam- 
say's  inquiry  about  the  applicability  of  a  shallow  bed 
to  household  sewage,  how  would  you  work  that  7  You 
would  use  a  septic  tank,  and  then  an  overflow  which 
would  flow  very  gently  would  be  put  upon  this  bed 
in  what  way  so  as  to  fill  it,  or  to  trickle  over  it, 
or  how  ? — I  ihink  it  would  be  a  satisfactory  plan  if  you 
cut  grips  in  the  surface  and  allowed  it  just  to  flow  gently 
over. 

8530.  So  as  to  fill  it?— Well,  t  would  hav«  the  out- 
let partly  open,  so  tihat  it  sbouJd  not  go  straight  tihzougb 
the  Ded,  but  would  be  to  a  certain  extent  held  up  while 
the  bed  was  in  action ;  I  think  some  such  device  as 
that. 

8531.  Its  action  would  be  intermittent  7 — ^IVieire  must 
be  some  sort  of  intermittent  action  about  it  certainly. 

8532.  So  that  it  wtmld  require  attention? — Quite  so. 

8533.  (Professor  Bamsay.)  Can  you  tell  me  if  the 
effluent  that  ran  off  that  bed  was  ever  putrescent? — 
Under  the  recent  conditions  of  wonking  it  was  very  sel- 
dom putrescent,  acaicely  erer.  We  h«ul  one  or  two 
bad  effluents,  and  then  we  gave  it  a  week's  rest,  and 
then  it  was  all  right  again. 

8534.  (Major-General  Carey.)  How  is  the  tank  efflu- 
ent distributed  on  the  filters  in  Manchester? — ^At 
present  we  find  that  it  distributes  itself  quite  well 
by  the  seam-circul>ar  weir  which  .we  have  devised.  I  may 
say  that  the  engineer,  Mr.  Wilkinaon,  has  spent  a  good 
deal  of  time  in  devising  a  specdal  appairatua  for  dis- 
tributing the  tainik  effluent  on  to  these  beds,  and  it 
has  been  his  endeavour  to  have  ae  few  ipenatock^  to  ofpen  as 
possible,  and  with  that  object  in  view  he  has  admitted 
the  effluent  over  a  semi-oircular  ciU  or  ww.  This 
i<mns  a  rim  on  a  shallow  reservoir,  which  is  connected 
with  the  supply  channel  by  two  penstocks,  so  that  on 
opening  these  penstockiB  the  tanJk  effluent  fills  this 
fallow  refiwrvoir  and  spreadfl  in  a  thin  aheet  over  this 
semi-circular  cill,  and  so  aoross  the  bed,  and  at  .present 
tliat  is  all  we  do.  We  find  it  aimiply  spreads  over  the 
bed  in  a  thin  sheet  and  finds  its  maj  in.  I  am  not  at 
all  sure  that  we  may  not  find  it  bertter  to  cut  grips  in 
Hie  surface,  and  theoe  grips  would  become  clogged  witih 
the  suspended  matter,  and  the  intervening  spaces  will 
readily  take  the  air  when  the  bed  is  empty,  but  at 
present  we  are  aimply  putting  it  on  on  a  thin  sheet 
over  the  surface,  and  it  seems  to  work  very  well. 


8536.  (Chairman.)  Does  it  cover  the  whole  surface? 
—No. 

8536.  It  never  spreads  over  the  ^hcle  o£  the  surface? 
— It  has  done  so  m  one  case.  I  may  say  that  in  our 
initial  experiments,  in  order  to  see  if  we  could  fill 
those  beds  in  half  an  hour,  we  forced  our  septic  tank 
by  putting  sewage  through.  lliat  had  the  effect, 
unfortunately,  of  driving  a  very  large  amount  of 
suspended  matter  on  to  Uie  bed,  and  with  it  a  gooa 
deal  of  grease,  and  that  formed  a  thin  skin  over  the 
surface,  and  then  the  water  spread  right  over  the 
surface,  and  some  difficulty  was  experienced  in  getting 
it  down,  but  we  thought  that  was  not  fair  treatment, 
although  I  was  not  altogether  sorry  it  had  happened, 
so  that  we  can  at  once  tell  the  sort  of  difficulty  we 
might  have  in  the  future.  Now  we  have  raked  the 
surface  and  put  the  water  on  a  little  more  quietly 
we  have  had  no  difficulty. 

8537.  (Major-Geiural  Carey.)  And  how  long  does  it 
taike  to  fill  the  bed  under  those  circumtftances  ? — ^We 
can  fill  it  in  half  an  hour. 

8538.  Under  the  new  arrangement  you  mentioned  7— 
Oh,  yes. 

8539.  (Cdonel  Harding.)  On  fine  material,  to  act  as 
a  meohianioal  filter  in  the  top  7 — ^Yes. 

8540.  Is  there  not  a  danger  of  that  getting  washed 
down  into  the  coarser  material  oool  ?-^It  does  not  seem 
to  be  so  ;  from  our  experience  of  the  other  beds  at  seems 
gradually  to  pile  itself  up.  Of  course,  the  material 
belofw  is  not  very  coarse.  Tbe  material  below  contains 
cinders,  which  have  been  retained  aa  j^n.  mesh.  Tliat 
is  to  say,  we  took  anything  from  IJ^in.  to  ^  from  which 
to  make  the  main  bulk  of  the  bed.  I  think,  I  am 
speaking  tentatively  from  the  snmll  amount  of  experi- 
ence we  have  had  with  these  beds  so  far,  but  I  think 
possibly  it  would  not  be  altogether  wise  to  make  a 
top  layer  entirely  of  fine  material.  It  is  a  question 
of  detail,  but  it  seema  something  like  tfa^,  that  if  you 
have  it  entirely  of  fine  material  you  get  a  .perfectly 

8541.  Water-logged  surface? — ^You  tend  to,  becaufie 
you  h<ave  a  peilfecbly  level  sheet  over  which  you  can  tKave 
a  tjhin  akin  of  clogging  matter,  whereas  if  you  have  a 
certadn  amount  of  intemuxed  rougher  material  your  sur- 
face  is  very  greatly  multiplied,  and  the  tendency  to 
clogging  is  very  much  reduced.  I  may  say  widi  our 
experimeoftal  beds,  which  take  the  water  with  the 
greatest  ease,  we  never  have  any  difficudty  of  that  sort 
at  all.  It  is  remarkable  to  me  that  it  should  be  so,  but 
it  is  a  fact  that  when  we  have  got  6in.  of  soil  on  the 
top  they  take  the  water  quite  readily,  only  it  has  to 
be  noticed  that  that  soil  is  intermixed  with  a  consider- 
able proportion  of  rougher  clinker. 

8542.  Is  there  not  a  danger  round  your  semi-circular 
cill  of  that  fine  material  on  the  top  being  waslied  for- 
ward, and  so  the  lower  portion  is  bared  ? — ^That  happens 
to  a  veiiy  small  extent  so  far  as  we  can  say.  Of  course, 
I  quite  expect  to  get  a  certain  amount  of  accumulation 
of  suspended  matter  close  to  the  cill,  and  I  raither  hc{)e 
it  will  take  plade  there,  because  we  can  then  take  it 
out  just  round  at  that  point. 

8643.  (Professor  Bamsay.)  Oou'ld  you  tell  us  approxi- 
mately how  fine  the  material  on  the  t<^  of  the  bed 
originally  is  when  you  are  makixig  the  bed? — ^What  we 
do  is  simipily  this.  In  making  the  bed  we  fikwfc  of  all 
collect  by  hand  the  rough  big  pieces  of  cHnkser  whidi 
fall  to  the  bottom  of  the  tip.  You  always  find  that  the 
big  pieces  fall  to  the  bottom,  and  those  we  take  to  pile 
over  the  drains  to  improve  the  drainage.  Then  the  re- 
mainder is  put  through  a  screen  of  albout  ^.  imflh. 
Practically  that  would  retain  a  good  deal  whi^  is  bc^ow 
I,  but  eveoythin^  which  passes  that  screen  is  put  on 
%e  top,  or  else  is  used  for  making  concrete. 

8544.  IVien  this  clogged  layer,  which  prevents  the 
very  fine  matter  getting  into  the  bed  varies  from  fths  ef 
an  iach  down  to  a  grain  of  samd,  I  suppoee? — Yes,  it 
contains  everything  below  that. 

8545.  Have  you  estimated— 'I  am  talking  of  the  ex- 
perimental beds  now — the  solids  in  suspension  that 
come  in  the  effluent  into  the  coarse  ibed,  and  also  in  the 
fine  bed — there  were  a  few,  I  remember,  when  I  wv 
there  7 — ^I  may  say  that  the  solids  are  almost  too  small 
in  amount  to  estimate  in  both  cases. 

8546.  And  they  continue  so? — ^^^  continue  so,  yes, 
and  the  final  effluent  is  pretty  much  Like  drinking  water 
as  far  as  I  can  see. 

8547.  There  is  only,  I  think,  one  other  point  I  notice 
that  if  you  take  the  quarter  ending  S^ember  26th 
and  the  quarter  ending  December  26th,  in  the  first  case 
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the  quarter  ia  waucm  weather,  jou  have  1  in  2  of  the 
effluents  in  the  ooaree  beds  puireecilble  a  and  c,  and  in 
the  cold  weather,  in  the  quarter  ending  Deceoofber  26ldi, 
yoa  hare  onlj  one  in  16  putresoible  ^--Oertamlj. 

8548.  And  the  same  thing  holds  flood  for  the  effluents 
from  bed  6,  practdoallj  epeaiking.  Was  that  due  to  the 
preat  dilution  tn  winter,  or  what  was  it  I — ^No,  I  ^jok 
it  admits  of  a  simple  explanation,  namely,  that  during 
the  earlier  perioa  our  septic  tanlc  effluent  did  not 
come  thoroughly  into  condition.  That  is  one  of  the 
resulta  which  leads  me  strongly  to  the  opinion  that  yon 
require  to  have  a  thoroughly  'septlcised  effluent  to  get 
▼eiy  good  nitrification. 

8540.  It  stmck  me  as  a  very  important  point,  so  I 
wanted  to  know  what  your  eiplanation  was  9— That  is 
the  explanation,  beoause  pperioasly  we  found  the  same 
thing  at  our  foimer  running  of  the  septic  tank — at  the 
beginning  we  got  some  bad  results,  and  afterwards  we 
got  nearly  pexf  ect  ones. 

8560.  One  would  naturally  expect  it  to  be  the  opposite 
way — that  you  would  get  less  putrescent  effluent  in  the 
hot  weather?— Exactly,  but  I  think  that  is  the  explana. 
tion. 

8551.  {Mr.  Killiek.)  Just  one  question  about  thiA 
piling  up  of  the  beds  ?— to  what  do  you  attribute  it,  U^ 
the  swell  of  the  material  in  the  bed  or  to  the  matters 
bedng  thrown  up  fiiom  the  bed? — ^I  think  it  is  very 
laiguy  due  to  me  actuaJ  piling  up  of  tlie  suspended 
matter  in  the  effluent.  What  we  have  fouikl  is  that  1h£« 
piling  tikes  place  when  you  have  oooaaion  to  frequently 
rake  your  bed.  It  has  taken  place  to  the  greatest 
extent  on  the  surface  of  the  closed  septic  tank— the 
OameiPDn  installation  beds,  where  we  have  liad  very 
H'ttle  loss  of  oapacity,  oocnpaaatiTely,  and  tlioee  have 
been  moeit  frequently  n^ed,  and  whenever  you  rake 
.1  bed  it  tends  to  loosen  the  surface,  and  to  pile  it  to 
that  extent,  then  you  have  some  more  suspended 
matter  aocumulatinf;  upon  them,  and  you  rake  again, 
and  80  the  thing  piles  up,  and  that  is*^  what  we  found 
in  the  case  of  the  Boscoe  beds  after  we  have  raked  ffiem. 
We  have  not  noticed  the  piling  in  the  case  of  these 
other  beds,  o,  6,  and  c,  because,  as  a  matter  of  ftict, 
we  have  very  infrequently  raked  them,  but  latterly 
we  haye  ri^ed  a  once  or  tw<ioe,  and  £he  same  phenomena 
appear  to  have  been  produced  there. 

8552.  And  when  you  rake  this  matter  on  the  top 
tomther,  do  you  remove  it — do  you  intend  to  remove  it  ? 
— dSveniualtly,  and  in  one  or  two  cases  we  have  already 
removed  it,  and  eventual Iv  we  shall  doubtless  have 
to,  and  then  either  we  ahall  leave  it  for  an  indefinite 
T^eriod  to  thoroughly  recover  itself,  and  then  put  it 
Lack ;  or,  as  I  say,  we  may  find  it  cheaper  to  get  actual 
freafli  material,  it  being  so  easily  obtainable.  But  I 
think  it  wtould  be  better  really  to  put  back  the  old  stuff 
after  a  period  of  rest,  becau:^e  there  is  more  likelihood 
of  ndtzafication  taking  place.  We  have  noticed  one  thing 
peihaps  I  oudit  to  mention  while  we  are  speaking  on 
tihis  sblbjeot,  oecanse  there  can  be  no  doubt  about  il. 
that  after  removing  this  top  layer  flor  a  shori  period 
the  nitrifioation  goes  down,  ahowing  that  apparently 
the  activiB  nitrification  takes  place  lai^ly  in  the  top 
layer,  which  is,  of  course,  old  information. 

8553.  (CTurirman,)  When  you  remove  the  top  layer, 
do  you  replace  it  by  a  new  layer  of  fine  stuff  ?— In  some 
cases ;  for  inatanoe,  in  one  of  the  septic  beds  I  took 
the  top  off  one  of  l^hem  and  put  it  aaide,  and  then  there 
came  the  turn  of  another  bed.  I  took  the  top  off  that, 
and  put  the  old  top  back  again  in  its  place,  with  very 
gocA  results.  There  was  no  clogging  of  the  surface  at 
all.  I  think  what  we  tfhall  do  in  future  wil!  be  not  to 
remove  it  entirely.  You  see  the  layer,  from  being 
peihape  originally  two  or  three  inches,  beoomea  six  or 
eig^t  inches.  Well,  v<ftu  see  you  could  remove  it  down 
♦io  the  original  two  inches,  axxl  keep  it  like  that. 

8554.  But  you  would  attach  importance  to  always 
having  a  layer  kA  fine  stuff  on  the  top? — ^I  think  so,  cer- 
tainly. 

8555.  And  your  experience  about  filters  generally, 
I  gather  from  what  you  said,  is  £Hat  thev  are  moi* 
effective  after  they  have  been  matured  ^—trnquestion- 
«bly. 

Jfi66.  (Colonel  Harding.)  You  are  now  putting  down 
a  considerable  area  of  beds?— Yes,  we  are  now  putting 


down  five  more  acres  in  addition  to  the  acre  that  we 
have,  and  we  have  also  got  plans  in  hand  for  going  on 
with  20  more. 

8557.  When  we  visited  Manchester  we  saw  the  hall 
acre  beds  you  are  referring  to  being  constructed.  Are 
they  at  work? — ^They  are  now  daily  at  work. 

8556.  Bkyw  Icnff  have  they  been  at  woik? — I  should 
think  regulai*ly  Aon±  a  month. 

8650.  Scaieely  matured  yet? — No,  but  I  may  say  that 
at  present  I  am  filling  them  once  a  day,  ana  the  ma- 
jority of  the  filtrates  are  non-patrelactive  already. 

8560.  What  figuies  have  you  in  your  mind  as  to  the 
volume  which  may  be  dealt  with  per  acre  upon  these 
beds? — ^I  think  I  have  aliways  in  my  dwn  miiui  wocSDed 
it  out  that  you  can  effectively  or  efficiently  pusify  septic 
effluent  in  Manchester  at  the  xate  of  albout  hm  a 
million  gallonfi  per  acre  with  careful  wodking. 

8561.  On  single  beds,  not  double  contact,  single  con- 
tact beds  ? — Single  contact ;  a  certain  amount  of  double 
K>ntaot  possibly  in  the  future. 

8562.  Then  is  your  half  million  gallons  based  on 
single  contact,  beoause  I  take  it  that  with  double  con- 
tact that  would  reduce  it  to  a  (luaxter  of  a  million  ? — 
Oh  no.  I  take  it  nUther  in  Htds  way,  that  if  you  are 
bennndng — ^for  instance,  if  your  beds  acre  not  matured, 
and  if  their  cspacity  is  not  decsesBed  you  can  get  much 
more  than  half  a  million  through,  you  can  set  up  to  a 
million  with  a  high  capacity,  but  rt  will  not  be  so  effec- 
tively purified,  anil  then  you  will  have  to  have  recourse 
to  double  contact.  But  I  am  speaking  of  adequate 
purification,  either  by  single  or  double  contact,  as  the 
case  may  be,  because  we  mid  that  with  the  decreaae  of 
capacity  you  get,  as  I  said  before,  increase  of  efficiency, 
so  it  is  difficult  to  say  absolutely,  if  you  follow  me, 
whether  it  is  half  a  million  single  oontact  or  half  a 
nnllion  double  contact.  I  should  prefer  to  put  it  half 
a  million  gallons  effectively  purified  at  that  rate,  either 
by  a  single  or  double,  as  the  case  may  be. 

8563.  I  only  want  now  to  ask  you  two  or  three  ques- 
tions in  connection  with  the  small  experiments  you 
made  .with  fc^toddarts  filter.  That  filter  was  a  filter 
6ft.  dieep,  built  up  of  very  coaree  ooice,  was  it  not — 
or  clinker,  which  was  it?— Mostly  of  clinker. 

8564.  It  was  verv  coarse  material  ? — Yes. 
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8565.  And  jou 
effluent  ?— Yes. 


passed    upon    it    the   sepHic   tank 


8566.  And  you  have  given  us  here  an  analysis,  but 
I  have  not  at  hand  an  analysis  of  what  you  obtained 
from  the  same  effluent  when  passed  over  a  contact 
bed,  except  with  regard  to  the  Cameron.  Will  you  tell 
us,  was  the  result  of  the  septic  tank  effluent  passed 
over  this  Stoddart  filter  better  or  worse  or  as  good  as 
what  you  obtained  by  contact  filtration? — We  got 
better  results  with  oontact  filtration  undoubtedly,  as 
far  as  the  purity  of  the  effluent  is  ooneemed.  We  do 
not  pass  so  mucn  tdirough  per  acre. 

8567.  Then  if  you  had  passed  through  this  Stoddart 
filter  at  the  same  rate,  say  half  a  million  gallons 
per  acre,  would  you  expect  to  get  better  results  4han  you 
found  passing  at  this  higher  rate?— No  doubt  it  would 
be  to  some  extent  improved. 

8568.  »So  that  there  are  no  figures  before  us  to  enable 
us  to  judge  of  the  results  that  would  be  obtained  at  an 
equal  rate  with  the  same  septic  effluent  over  the  oon- 
tact bed  and  over  the  Stoddart  filter ;  there  are  no 
figures  before  us  at  the  present  momenitl — No  ;  that  has 
not  been  gone  into. 

8569.  It  would  be  nather  interesting  to  get  that? — 
Certainly. 

8570.  It  would'  be  very  easy  for  you  to  obtain  it  by 
simply  reducing  the  flow.  It  would  be  veiy  interesting 
to  us  if  you  could  ^ve  us  this  information,  whether 
a  septic  effluent  passing  over  a  oontact  bed  and  passing 
over  trickling  filtration  would  give  better  or  worse 
results? — ^Yes,  that  we  could  do. 

8571.  Wfll  you  kindly  bear  that  in  mind?^I  will, 
cei<tainly. 

8572.  {Chairman!)  We  are  much  obliged  to  you 
indeed  ?-*'It  ie  a  pleaaure  to  ns  to  do  all  that  wc  can, 
and  I  am  sure  we  owe  very  much  to  the  suggestions 
which  hare  been  made  by  the  Boyal  Commission. 
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Record  of  Working  of  Bacteria  Beds,  Manchester. 


Date. 


1900: 


1  May 

1    .. 
3    ,. 


4    „ 


7  „ 

8  „ 
15  „ 

17  „ 

24  „ 

31  „ 


1  Juno 


7    „ 


21     .. 

28  ,. 

29  „ 

30  „ 

5  Ja1> 


Capacity  in  Gallons. 


liKMAKK.S. 


Measured  bed  C.  after  27  da}  s'  rest 
Kenieasured  after  :^  lionrs*  draining 


Bed  C.  lilled  twice  per  day,  9  a.m.  and  3  p.m.|  from  mnall 
settling  tank,  1  hour's  contact  allowed,  the  nitrate 
being  streamed  through  bed  D.  (This  continued  until 
the  open  septic  tank  was  restarted.) 

Bed  A.  measured  after  22  days'  rest.  Much  rain  pre- 
vious day. 

Remeasured  after  4^  hoars'  draining 

Bed  D.  held  up  for  1  hour  after  the  first  filling  on  this 
date  and  sulwequently. 

Bed  A.  receives  two  fillings  from  small  settling  tank, 
12  noon  and  6  p.m. 

Measm-ed  bed  B.  after  13  days'  rest,    liain  previously 

Uemeasured  bed  B.  after  4J  houi-s'  draining 

13ed  B.  started  on  two  fillings,  short  cycle  beginning 
10  a.m.,  ^  hour  filling,  $  hour  contact,  J  hour  draining, 
^  hour  rest. 

Shoots  removed  from  bed  B.,  second  filling  missed,  (iritis 
alx>ut  6  inches  deep  cut  in  the  bed,  one  main  channel 
witli  3  at  right  angles  on  either  side. 

Measured  Ijed  D.  after  2  hours'  draining  ■        >        .        - 

Measured  bed  C.  after  16  hours'  rest.  Heavy  niin  pre- 
viously. 

Measured  bed  C.  after  1  week's  rest  (  ?  some  leakage)     - 

lied  C.  worked  from  this  date  on  3  fillings  per  <Iay,  9  a.m., 
5  p.m.,  1  a.m. 

Remeasured  bed  C.  after  6  hours'  rest       .... 

Surface  of  bed  A.  scraped  in  places.  Leak  at  inlet  8toppe<I. 

Bed  B.  rested  for  1  week  from  this  date. 

Bed  A.  measured  after  1  week's  rest,  1  filling  and  6  hours' 
draining. 

From  this  date  bed  A.  filled  three  times  per  day,  o  a.ui., 
1  p.m.,  9  p.m. 

Measured  bed  B.  after  7  days'  rest 

liemeasured  after  1.^  hours'  draining         .... 

From  this  date  bed  B.  worked  on  3  fillings  per  day,  short 
cycle  10  a. m.,  12.30  p.m.,  3  p.m. 

Bed  C.  rested  for  1  week  from  this  date. 

Measured  bed  C.  after  7  days'  rest    - 

Bed  A.  rested  for  1  week  from  this  date. 

Measured  bed  C.  after  6  hours'  rest 

« 

Bed  A.  lightly  raked  in  tight  places. 

Bed  B.  rested  for  one  week. 

Bed  A.  measured  after  7  days'  rest,  heavy  rain  previously 

Measured  bed  A.  after  7^  hours'  rest  - 


A. 

B. 

i 

C. 

D. 

1 
1 

1 

3,100 

— 

2,460 

- 

— 

1 

— 

- 

2,600 
2,330 


3,4<MI 
3,080 


2,440 
3,010 


2,380 


2,580 


2,490 


3,620 
3,200 


3,020 


2,480 


2,660    i 
2,280 
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Record  of  Working  of  Bacteria  Beds^  contiuned» 


Da* 


ItMM): 


V2  Julv 


13     „ 


M-m 

»♦ 

16 

ti 

*i6 

»i 

27 

t> 

2  Au^UHt 

3 

9 

17 

23 

24 

30 

31 

6  SeptifiiilMjr 


8 
10 

11 
17 

18 
21 


»» 


»» 


i> 


»» 


»> 


>» 


27 
28 
4  October 

16 

16 

25 
26 
31 


CafMusity  in  Gallons. 


Mr.  O.  J, 
FmpUt. 

7  Maf.  1M)1. 


1 

Remarks.                                     ' 

-    - 

- 

-.__ 

1 

1 

A. 

1 

H. 

C. 

D. 

Measured  bed  B.  after  7  day^'  re»t 

4,150 

Remeasured  after  1)  hour»'  draining 

— 

3,510 

- 

- 

- 

Top  3  inehes  removed  from  bed  B.,  replaced  by  material 
formerly  on  bed  D. 

— 

- 

— 

- 

- 

Alterations  to  lied  B.  continued. 

— 

- 

— 

- 

- 

Bed  B.  restarted. 

-- 

- 

- 

- 

Measured  bed  C.  after  7  days'  rest 

— 

— 

3,360? 

- 

- 

Remeasnred  bed  C.  after  6  hours'  rest        .        .        .        ■ 

— 

-- 

2,610 

- 

- 

Measured  bed  B.  after  17  hours'  rest.    Heavy  rain  pre- 
viously. 

— 

3,220 

- 

— 

Remeasnred  after  1^  liours'  draining 

- 

2,980 

- 

- 

Measured  bed  A.  after  6  hours'  draining    -        -        -        • 

•2.qo 

- 

— 

— 

- 

Measured  bed  B.  after  7  days'  rest.    Wet  weather    - 

— 

3,540 

- 

— 

Remeasnred  after  1^  hours'  draining ;  rain  in  meantime  - 

- 

3,110 

- 

- 

- 

Bed  C.  raked  over. 

— 

- 

"■ 

- 

• 

Measured  bed  C.  after  week'n  rest 

- 

- 

3,100 

— 

- 

Measured  bed  C.  after  0  lionrs'  rest 

- 

2,740 

— 

Bed  A.  raked  over. 

- 

~" 

- 

— 

- 

Measured  bed  A.  after  7  days'  rest 

2,950 

— 

— 

Measured  bed  A.  after  6  hours'  rest 

From  this  date  bed   D.  held  full  only  until  upper  lie<l  is 
empty,  then  slowly  emptied  and  sampled  every  J  hour. 

2,450 

r      - 

Measured  bed  B.  att«r  7  days'  ,rest 

— 

3.680 

- 

— 

Remeasnred  after  IJ  houn**  rest 

- 

3,050 

— 

— 

- 

Beds  A.,  C.  and  D.  rested  after  this  date. 

- 

— 

- 

— 

• 

B<yl  D.  measured  after  1  day's  rest    .        -       ^-        -        - 

— 

— 

2,220 

Remeasured  after  24  liours'  draining 

- 

— 

1,880 

- 

Measured  bed  C.  after  2  dayn'  rest 

— 

— 

2,940 

— 

- 

Measured  bed  D.  afteif  8  days'  rest     -        - 

- 

— 

— 

2,530 

Measured  bed  A.  after  8  days'  rest     -        -        - 

»,o«o 

— 

— 

— 

- 

Measured  IxmI  C.  after  9  days'  rest 

— 

— 

3,200 

— 

- 

Measured  bed  D  after  15  days'  rest 

— 

- 

— 

2,570 

- 

Rempjisureil    bed    D.    after    24    hours'    diaining.     Wet 

weather. 
Beds  A.,   C.   and    D.   commenced  working.     Measured 

bed  A.  after  6  hours'  draining. 
Measureil  bed  C.  after  6  hours'  drainage    -        .        -        - 

2,660 

- 

2,740 

2,130 

- 

Measured  bed  B.  after  7  days'  rest.     Very  wet  weather    - 

— 

3,520 

— 

— 

Remeasured  after  I4  hours'  draining 

- 

2  810 

- 

— 

- 

Measured  bed  A.  after  6  hours'  draining.    Wet  weather 

2,330 

— 

— 

— 

Remeasured  after  2  houi-s'  draining 

2,270 

— 

- 

— 

- 

Mfiasured  bed  A.  after  4  hours'  draining   .        .        .        - 

2,200 

- 

- 

— 

R«  measured  t  iter  2  hour*'  draining 

2,050 

- 

- 

- 

Meawured  be<l  A.  after7ilay9*  i-est.     Very  wet 

2,690 

— 

- 

- 

Measured  be*!  A.  after  6  houm'  draining.     Wet 

2,430 

— 

* 

^'ceasured  lied  B.  after  I4  hours'  drauiing  -        -        -        - 

s 

2,680 

— 
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ROYAL  COMMISSION  ,OX   SEWAGE  DISPOSAL: 


Mr.  G.  J. 
Fowler. 

7  Mar.  191)1. 


Record  of  Working  of  Bacteria  Beds — conHnued, 


Date. 


1900: 
1  November 


>t 


9 

»f 

10 

»» 

12 

»i 

13 

II 

28 

n 

6  December 

20 

tf 

22 

n 

1901  : 

2  .January  - 

5 

f 

10 

» 

11 

»» 

17 

»♦ 

19 

>» 

24 

»> 

31 

It 

5  February 

7 

»« 

8 

»i 

Ca^iacity  in  GaUoos. 


Kemakks. 


Measured  1)ed  C.  after  6  hours'  di-ainiiig    .... 

Measured  Ijed  11.  after  7  d^ys'  rest 

llemeasured  beil  \i.  after  1|  lionrs'  draina>;e 

Measured  lied  C.  after  6  days'  rest     .        .        .        -        - 

Measured  l>ed  A.  after  7  day.**'  rest 

Reiuoved  hIiooI.**  from  bed  C. 

Keiiiove<l  »lioot8  from  l»ed  A. 

(triiw  cut  on  A.  and  C,  a.s  on  B. 

Extra  filling  put  on  A.  'during  storm  tlow.     i\  and  A. 

filtrates,  botli  run  on  to  D.  simultaneous] 3'. 
Extra  filling  put  on  i\  at  1  p.m.         -        -        - 

Bed  A.  resting  1  week  from  this  date. 

lied  11.  rCHting  1  week  from  this  date. 

Bed  D.  raked. 


Me«i.Hure<l  \hh[  A.  aft«r(i  hours'  draining 
Bed  A.  rake<I. 


Me*i.*4ured  lied  A.  after  7  days'  rest 


I 


Measured  lied  A.  after    6  hours'  draining  ;  rain  in  the 

meantime. 
Measured  lietl  C  after  7  day»'  rest 

Measured  l»e<l  ('.  after  ti  hours'  draining    -        -        -        - 

Measured  bed  B.  after  7  days'  rest 

Kemeasured  I>ed  B.  after  1^  hours'  draining.  Filled  a  little 

above  mark. 
Mea.sured  be<l  A.  after  6  honi-s'  draining    -        -        -        - 

Measured  bed   I),    after  2h   hours'  draining.     Snow  on 

surface  of  the  bed. 
Measure<l  ImjcI  \.  after  7  days'  rest.     Snow  on  surface  of 

l>e<l  almost  all  week. 
Measured  l)ed  A.  after  H  hours'  rest 
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ROYAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


TRBATBfEiNT  OF  SEWAGE  IN   CLOSED  SEPTIC  TANK  AND  CONTACT  BEDS,  MANCHESTER. 


"fiSiJ,'  RenDOTal  of  Sludge  from  Septic  Tank. 

7  MmIwi      A-fter  20  months  working  the  flow  of  sewiage  titrough 

_J '  the  tank  was  stopped,  and  the  oontents  pumped  out. 

After  removing  the  w»ter,  a  stratum  of  sludge  aibout 
3^  feet  in  depth  was  left ;  this  was  pumped  out  as  far 
as  possible  by  means  of  a  chadn  pump.  A  residue 
which  oould  not  be  reached  by  the  pump  was  leifib  in, 
averaging  in  depth  about  3jp  inches. 

Allowing  for  this  residue,  the  total  sludge  in  the 
tank  was  estimated  at  66  tons,  the  skidge  removed 
contained  &B-7  per  cent,  moisture. 

During  the  period  of  work  the  toad  flow  of  sewage 
through  the  tank  was  eetimoated  at  14,400,000  gallons. 

Aillowdng  ^'0  grains  per  sallon  suspended  matter  in 
the  sewage  240  tons  of  sluc^e  containing  90  per  cent, 
moisture  would  normally  be  produced.     From  the  above 


Parts  per  100,000. 


Oxygen  absorption— 

4  Hours*  test  - 

3  Minutes  before  incubator 

3        „       after 
Putresoibility 


I* 


results  it  might  be  calculated  that  not  more  than  30 
per  cent,  of  the  total  sludge  requires  to  be  dealt  with  in 
the  tank. 

It  must,  however,  be  borne  in  mind  that  a  large 
amount  of  suspended  mtatter  has  found  its  way  on  to  the 
surface  of  the  beds,  causing  the  lefvel  of  these  to  rise. 

It  is  quesftionaible  also  whether  the  sewage  arriving 
at  Idle  septic  tank  contained  quite  its  full  proportion  of 
suspended  miatter. 

Working  of  Contact  Beds. 

During  the  past  year  the  beds  have  been  filled  regu. 
larly  as  Har  as  possible  by  the  automatic  apparatus, 
each  bed  receiving  12  fillings  during  the  week  from 
Monday,  6  a.m.,  to  Saturday  ivoon. 

The  average  oampositian  of  the  filtrates  cbtained 
from  January  24th  to  Deoennber  26th,  1900,  was  at 
follows :  — 


Parts  per  100,000. 


1-93 

1-03 

•66 

8i— 404 


Ammoniacal  Nitrogen 

Albuminoid 

Nitrous 

Nitric 

Chlorine 


II 


») 


»> 


1-02 
012 
0-043 
0-80 
15-4 


Measurements  of  capacity  have  been  as  follows :  — 


Date. 


Capacity  in  Gallons. 


19  June  1900  - 
23  January  1901 
13  February    - 


Remarks. 


After  8  hours'  rest. 
10 
84 


If 
fi 


II 


If 

» 


O^iking  the  oapacaty  of  the  beds  at  2,000  gallons,  this 
gives  at  two  fillings  per  day,  502,000  gallons  per  acre 
-pet  day,  without  allowing  for  Sunday's  rest. 

General  Observations. 

First  Flush  and  Drainings. 

While  the  first  flush  from  the  beds  was  turbid  and 
often  putretfiftctive  its  effect  was  not  considered  serious, 
as  it  did  not  last  more  than  a  few  minutes,  the  drain- 
ings  from  the  bed  after  emptying  attain  a  high  degree 
of  purity,  and  when  these  are  mixed  with  an  equal 
volume  of  the  first  flush,  the  mixture  is  in  general  non- 
putrefactive. 

Maintenance  of  Beds. 

The  surfaces  of  the  beds  have  been  periodioallv  raiked 
and  occasionally  forked  up  to  a  depth  of  about  6  inches. 
In  process  of  time  the  surface  has  risen  above  the 
level  of  the  distributing  dboninols  to  an  extent  of  about 
6  inches,  the  nvateriaJ  having  the  general  character  of 
garden  soil,  which  finally  tends  to  impede  the  filling  of 
the  bed.  If,  however,  this  upper  layer  be  removed  the 
clinker  beGow  is  ftrirly  loose. 

In  one  or  two  cases  the  upper  layer  has  been  re- 
moved, and  on  again  putting  the  bed  into  use  it  takes 
the  water  freely,  and  in  process  of  time  the  layer  is  re- 
formed. 

Working  of  Automratic  Gear. 

When  all  the  working  parts  are  in  good  condition, 
the  apparatus  is  capable  of  working  smoothly  and  well. 
The  corrosive  aotion  of  the  septic  tank  effluent  tends, 
however,  to  loosen  any  screws  or  nuts  exposed  to  it, 
and  the  connecti'nff  pipes  also  become  in  time  coated 
with  deposit,  so  tniat  frequent  attention  is  necessary 
from  these  causes. 

One  difficulty  with  apparatus  depending  for  its  action 
on  the  rate  of  flow  of  sewage  is  that  the  cycle  must  vary 
with  ths  flew,  and  is  shortest  when  this  is  at  its  height, 


an  increased  flow,  however,  in  dry  weather,  ooincides 
with  the  strongest  sewage,  and  therefore  9^im»  method 
of  ponding  up  would  have  to  be  resoitea:  to  in  this  case. 
In  the  experiment  as  carried  out,  ^e  flow  was  kept 
fairly  constant  throughout  the  day.  It  was  noticed 
that  when  a  bed  is  tigpit,  water  will  not  penetrate  fast 
enough  to  enable  the  flow  to  be  diverted  from  the  bed 
before  considerable  ponding  has  taken  p^ace  on  the 
surface. 

An  inherent  difficulty  with  automiatic  gear  depending 
on  the  sewage  flow  is  that  the  cycle  of  one  bed  is  de- 
pendent on  the  condition,  capacity,  character  of  surface, 
etc.,  of  another  bed,  which  will  vary  according  to  cir- 
cumstances, length  of  woriking,  weather,  etc. 

The  9toddart  Patent  Oontieuous  Filter. 

An  experiment  with  this  fiJter  was  begun  on  August 
8th,  1800,  and  continues  at  the  present  time.  The 
filter  is  rectangular  having  a  suriiace  area  of  16  square 
yards,  and  a  depth  of  6  feet.  The  material  consists 
chiefly  of  laige  clinikeirs,  the  top  foot  being  of  cdce,  the 
dimensions  of  both  being  3  inches  by  2  inches.  The 
filter  was  placed  about  mddnvay  on  the  east  aide  of  the 
<^>en  septic  tank,  and  received  effluent  from  this  tank 
by  meadM  of  a  nmction  with  a  pipe  supplying  the  other 
experimental  filters. 

The  material  was  placed  upon  a  dished  ooncrete  floor, 
and  kept  in  positioD  hv  a  fnamework  of  boarding, 
spaces  of  about  an  inch  being  left  between  the  boards. 
The  filter  being  constructed  near  a  bank,  some  excava- 
tion was  necessary,  and  the  base  of  the  filter  was  sur- 
rounded  by  earth  to  a  depth  varying  roughly  from  one 
to  two  feet.  This  was  afterwards  cut  completely  away 
on  two  sides,  but  tl^e  filtrate  could  at  all  times  flow 
freely  away  through  two  2^inch  pipes  into  a  manhole. 

The  tank  effluent  was  distributed  upon  the  surface  of 
the  m'oterial  by  means  of  Stoddart's  patent  distributor. 
The  tank  effluent  flows  into  a  supply  channel  of  cast 
iron,  and  thence  along  perforated  gutters  <^  corrugated 
zincs,  the  perforations  are  cut  in  diamond  shape  at  in- 
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terrals  along  the  upper  edges  of  the  corrugations, 
throngii  the  lower  edges  sdmlII  holes  are  made  which 
admit  ordinary  nails,  the  latter  serving  as  points  from 
wifadoh  the  liquid  can  flow.  Tihe  tank  effluent  flows 
through  the  diaoMmd  shaped  perforations  of  the  distri- 
bobors,  and  falls  from  the  enos  of  the  nails  in  a  series 
of  drops. 

The  ayerage  rate  of  flow  through  the  filter  up  to 
December  26th,  1000,  was  240  gaUone  per  square  yard 


per  day,  this  has  since  been  increased  to  about  360 
gallons  per  square  yard,  and  the  filtrate  is  of  fair 
quality. 

IVuring  the  earlier  period  of  working  large  quantities 
of  suspended  miatter  oame  away  with  the  filtrate,  and 
this  is  still  the  case  to  a  great  extent. 

The  average  analytical  numbers  up  to  December 
26th,  1900,  are  as  follows,  both  shaken  and  settled 
samples  being  analysed. 


Mr.  G.  J. 
7  BUr.  1901. 


Oxygen  absorption  ~ 

4  Hours'  test  - 

3  Minutes  before  incubator 

3        „       after 
Pntrescibility 


it 


Parte  per  100,000. 


Shaken. 


2*96 

2-43 

1^74 

1-43 

1-67 

1-26 

60-7% 

23-4% 

Settled 


Parts  per  100,000. 


Shaken. 


Settled. 


Ammoniacal  Nitrogen 

Albuminoid 

Nitrous 

Nitric 

Chlorine     - 


»t 


»» 


II 


2-02 
•234 

•084 
•221 
16-7 


1-97 
•ld5 


Oonaiderable  ddfflculty  was  experienced  in  getting 
the  corrugated  atnc  eheets  properly  level  in  order  to 
enaure  equal  dietribotion.  Any  difference-  in  level  is, 
of  oonrse,  more  noticeable  w«hen  the  flow  is  small,  with 
an  increased  flow  it  ia  aoaicely  apparent.  After  the 
filter  had  been  WK>rkdnff  acme  tune  it  was  found  that  a 
oonaiderable  amiount  cI  leakage  took  place  at  the  junc- 
tion of  the  distriibuting  dbannel  witih  the  shoots.  This 
was  found  to  be  due  in  some  degree  to  the  partial  dis- 
integration  of  the  feH  used  in  making  the  joint.  A 
oonaderabJe  amount  of  sludge  acoumnkitea  in  tiie  dis- 
tributing channel  and  shoots,  in  a  comparatiYely  short 
penod  of  time.  This  has  to  be  periodically  removed, 
during  which  operation  it  ia  almost  imposaiible  to 
prevent  a  certain  amount  <^  it  from  finding  its  way  on  to 
the  filter. 

A  filter  of  this  kind  appears  to  be  unauited  to  deal 
with  an  effluent  containing  ao  much  euspended  matter 
as  the  open  septic  tank  effluent  in  MaaMneeter,  further 
settl^ent  either  before  or  a£tar  filtration  will  oestainly 
be  required.  It  is  probable  that  better  resulte  would 
be  obtained  with  a  tank  effluent  poeseseing  a  low  oxygen 
abeorption  and  a  high  aJfbuminoid  ammonia  value.  It 
appears  as  if ,  in  the  oaee  d  Mancheeter  sewage,  the 
oxidiaing  power  of  the  filter  is  exerdaed  largely  on 
matters  other  then  sewage,  ao  that  nstrifioation  is  to 
that  extent  impeded.  The  cost  of  oonstrootion  of  this 
fiker  ia  found  to  be  oonaiderable,  and  a  higjh  vate  of 
working  must  be  attained  if  it  is  to  be  eoonomdoal.  It 
ia  possible  that  the  distributor  might  find  useful  appH- 
oateon  in  reducing  the  neoessary  area  of  second  contact 
beds,  as  a  large  quantity  of  the  effluent  from  first  con- 
tact beds  could  doubtless  be  dealt  with  per  square 
yard  of  such  a  filter. 


GENERAL  CONCLUSIONS  BEGAKDINQ  THE 
MAINTENANCE  AND  WORKING  OF  CONTACT 
BEDS,  MANCHESTER. 

From  the  general  experience  gained  from  the  working 
of  Hie  various  experimental  inataLliations,  the  following 
eonclueions  have  been  arrived  at: — 

I.  Conatruction  of  Beds. 
The  beds  should  be  so  conetruoted  as  to  admit  of — 

(a)  I^Kpid  drainage. 

(b)  Retention  of  suapended  matter  as  far  as  pos. 

si'ble  near  the  surface. 

(c)  Limited  number  of  inlet  and  exit  valves. 

(a)  1%e  half-acre  beds  proposed  to  be  used  on 
the  large  scale  will  be  under^rained 
radially  by  means  of  channels  in  the 
concrete  bottom,  the  iuTert  of  these 
channels  will  slope  towiaids  a  semi, 
circular  collecting  channel  communi- 
cating with  the  diacharge  well.  The 
radiating  ohannela  will  be  covered  with 
perforated  tiles,  and  those  with  rough 
clinker  to  a  depth  of  about  one  foot. 

1213. 


The  discharge  valve  is  of  aufflcient  aiae  to  empty  tne 
bed  in  half  an  hour,  the  outward  rush  of  the  water 
into  the  pick-up  channel  being  moderated  by  distribu- 
tion through  a  series  of  further  small  openings. 

(b)  The  surface  of  the  clinker  will  be  6  ivered 

to  a  depth  of  a  few  inches  by  the  screen- 
ings from  the  main  bulk  of  clinker 
which  have  passed  through  a  3-6th  inch 
mesh,  the  main  body  of  the  bed  being 
composed  of  clinker  from  about  Ij^^  to 
^5-&f  in  size.  In  practice  the  meet 
economical  method  of  preparing  the 
material  appears  to  be  to  remove  the 
heavier  olinkera  which  naturally  fall  to 
base  of  the  tip,  and  use  them  tor  cover- 
ing the  drains,  the  remainder  is  screened 
through  a  3-8^  screen,  driven  by 
meebanioal  power,  the  screenings  are 
utilised  as  above  described,  or  used 
instead  of  sand,  in  the  making  of  con- 
crete. 

The  tank  effluent  is  admitted  on  to  the  filter  over  a 
semi-circular  cill,  so  that  it  spreads  in  a  thin  sheet 
over  the  surface  of  the  cinders ;  if  necessary  grips  may 
be  cut  in  the  surface  of  the  cindens  for  better  diatrijbu- 
tion. 

In  this  way  it  is  hoped  that  the  greater  ]>art  of  the 
suapended  matter  will  be  arrested  near  the  distrilbuting 
cill. 

(c)  The  method  of  emptying  the  bed  by  mesne 

of  a  single  jpenetock  has  already  been 
deacri>bed.  Two  penstooka  only  will  be 
needed  to  adouit  the  tank  effluent  into 
the  shallow  distrdbuting  reservoir, 
bounded  by  the  semi-circular  cill  above 
mentkmed. 

M.  Oontzol  of  Beds. 

An  apparatus  has  been  devised,  by  which  it  is  hoped 
that  the  inlet  sluices  may  be  actuated  from  a  central 
switch  room,  by  means  of  electric  motors.  The  water 
once  admitted  to  the  bed  the  various  operations  neces- 
aarv  to  complete  the  cycle  will  be  performed  automati- 
cally. In  tnis  way  it  will  be  poesrble  to  exercise  control 
over  the  filling  of  the  beds,  and  thus  regulate  the  work- 
ing of  a  bed  according  to  its  condition. 

(The  above  details  of  conetruotion  have  been  worked 
out  by  J.  P.  Wilkdnaon,  C.E.,  the  engineer  appointed 
by  the  Rivers  Committee.) 

'MI.  Maintenance  of  Beds. 
Initial  Period  of  Working. 

Care  will  be  taken  at  the  commencement  of  working 
to  put  no  more  work  on  the  bed  than  it  is  capable  of 
perfanming,  as  it  is  difficult  to  thoroughly  recover  a  bed 
if  it  has  once  been  over-worked. 

For  example,  two  fillings  a  day  should  not  be  ex 
ceeded  until  good  nitrification  has  been  obtained. 

Resting  Periods. 

Experiment  has  shown  that  purification  effected  de- 
penda  rather  upon  the  amount  of  effluent  dealt  with  per 
given  area,  than  upon  the  length  of  cycle  empik)yed. 

3k2 
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ROTAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


Mr. O.J,    Two  short  cycles  aaad  one  long  one  in  the  24  hours 

Fm^,     give  results  equal  to,  if  not  better  than,  three  cycles 

7  Mar.  1901.  of  equal  duration.     Variations  in  the  rate  of  flow  can 

thus  be  dealt  with,  and  in  cases  of  large  increase  of 

flow  the  rate  of  working  of  the  beds  may  be  temporarily 
increased  without  suraequent  ill  effects.  It  appears 
that  the  period  of  rest  is  of  more  consequence  than  the 
period  of  contact,  and  that  in  most  cases  it  is  not  ad- 
Tantageous  for  the  latter  to  exceed  one  hour. 

The  choice  of  lengthened  periods  of  rest  will  be  con- 
ditioned by  (i)  the  state  of  the  bed,  (ii)  the  weather  and 
(iii)  the  season  of  the  year,  e.g.f 

(i)  If  a  bed  is  working  well,  and  its  capacity  ap- 
pears to  be  mnintaimng  itself,  it  would  not 
be  economical  to  interrupt  its  aotiyity. 

(ii)  If   possible,    necessary  rests   should  be  given 
when  the  weather  is  fine,  dry  and  breezy. 

(iii)  It  will  not  be  adyisable  to  rest  the  beds  for  a 
lengthened  period  in  very  oold  weather,  as 
in  the  absence  of  the  heat  of  the  sewage, 
the  bacterial  activity  is  to  a  large  extent 
inhibited.  If  it  is  necessary  to  rest  under 
these  conditions  it  ^ould  be  done  by  re- 
ducing the  number  of  fillings  per  day. 

Judgment  will  be  required  to  be  exercised  in  all 
cases  in  oonsiderii^  the  simultaneous  effect  of  varia- 
tions in  the  above  conditions.  Other  things  being  equal 
it  appears  preferable  to  allow  a  bed  a  period  of  com- 
plete rest  rather  than  simply  to  reduce  the  number 
of  fillings,  as  it  has  been  found  after  a  rest  of,  «ay,  a 
week,  that  nitrifix^ation  continues  exceptionally  active 
for  about  ten  days. 

On  the  other  hand,  the  extension  of  resting  period 
iMvond  a  certain  length  is  unaccompanied  by  anj  in- 
crease in  capacity  or  other  good  result. 

•Work  upon  surfiaoe  of  Bed. 

At  no  time  should  the  surface  of  a  bed  be  allowed  to 
become  water-logged.  If  such  a  tendency  manifests 
itself  the  bed  should  be  rested,  and  the  surface  raked 
to  not  more  than  the  depth  of  the  upper  layer.  If 
raking  is  not  adequate  for  the  purpose  it  may  be  neces- 
sary to  remove  some  of  the  top  layer  and  pile  it  in 
heaps,  possibly  on  the  bed  itself,  for  an  indefinite 
length  of  time,  to  recover.  This  may  be  eventually 
put  back  in  place  of  further  clogged  material. 

Wa^hmg   of   Bliateri*al. 

In  addition  to  the  work  on  the  surface  of  the  beds 
above  mentioned,  it  may  be  necessary  at  very  infrequent 
intervals,  to  wash  a  portion  at  least  of  the  main  bulk 
of  the  material.  Experiment  has  shown  that  it  will 
not  be  economical  to  wash  the  surface  layer,  but  the 
larger  clinkers  below  should  be  capable  of  being 
rapidly  and  cheaply  washed  in  a  specially  devised 
machine.  The  slurry  may  be  allowed  to  run  off  along 
specially  constructed  channels  to  the  surface  of  one  oi 
the  storm  beds,  where  it  can  be  allowed  to  dry,  and 
afterwards  spaded  off.  It  has  been  found  that  Fuch 
slurrv,  or  washed  out  material,  is  perfectly  inoffensive 
and  dries  down  to  a  substance  having  the  character  of 
garden  mould. 

IV.  Treatment  of   Storm  Water. 

Twenty-five  acres  of  roughly  constructed  beds  will 
be  provided  for  the  treatment  of  the  storm  water  of 


Manchester.  Experience  with  a  similar  bed  had  shown 
that  with  one  or  two  fillings  per  dav  of  settled  sewage 
good  results  may  be  obtained  in  dry  weather ;  uncbr 
such  oonditiocis  Idieee  beds  may  be  used  to  relieve  to 
some  extent  the  work  on  the  ordJnAiy  beds,  wiule  at 
the  same  time  they  are  kept  in  an  active  coodition, 
ready  to  receive  much  larger  quantitiea  of  storm  water 
up  to  the  maximum  necessary  to  be  treated. 

It  is  impoitant  tiiat  these  beds  should  not  receive  any 
but  fresh  sewage,  and  consequently  only  sewage  which 
'has  passed  through  special  sedimentiiitnon  tanks  will 
be  allowed  to  reach  them.  There  wiU  be  four  of  these 
spedal  tanks  provided,  two  of  which  should  be  kept 
empty  to  receive  a  portion  of  the  first  flush  of  storm 
water. 

The  facts  which  have  led  to  the  belief  that  contact 
beds  can  be  worked  for  a  long  period  without  the 
occurrence  of  serious  clogging  in  the  main  body  of  the 
bed  may  be  summaxieed  as  follows :  — 

1.  The  Boeooe  beds  have  dealt  with  tank  effluent 
from  chemical  precipitation  with  lime  and  copperas  at 
a  rate,  including  all  rests,  of  upwards  of  500,000  gallons 
per  aore  per  day  for  five  years. 

After  a  preliminary  loss  the  capacity  remained  prac- 
tically constant  for  several  years,  and  was  still  1,000 
gallons  at  the  end  of  five  years,  the  initial  measure- 
ment being  1,750  gallons. 

2.  The  examination  of  the  material  of  the  Boeooe 
beds  showed  that  fine  suspended  matter  had  not  pene- 
trated to  any  great  exteiyt  below  the  upper  foot,  this 
coinciding  with  the  depth  to  which  the  beds  have  been 
disturbed  by  forking. 

It  is  probable  that  if  this  operation  had  not  been 
carried  so  far  the  beds  would  not  have  been  affected  to 
so  great  a  depth. 

3.  !I%e  sfurfisce  of  the  beds  in  course  of  time  rose 
several  inches  above  their  original  level. 

4.  A  bed  consisting  for  the  most  part  of  fine  cinder 
screenings  has  receiv^  tank  effluent  from  chemical  pre- 
cipitation for  nine  moniiis  without  showing  any  sign  of 
clogging  below  the  first  few  inches. 

5.  A  bed  1-7  acre  in  ^-istent  roughly  oonstrocted  of 
unscreened  clinkers  has  received  tank  effluent  and 
stoim  water  for  16  months,  without  clogging  being  ap- 
parent anywhere  except  iuunediatwly  in  the  vicinaty  of 
the  inlet  valve. 

6.  Beds  which  have  received  effluent  from  a  closed 
septic  tank  for  two  years  have  been  found  to  acquire  a 
practically  constant  capacity,  and  the  suifiaoe  has  {Hied 
m  a  similar  manner  to  the  Bcsooe  filtesa 

7.  Beds  receiving  effluent  from  the  open  septic  tank 
for  the  last  12  months  have  on  the  whole  not  seriously 
lost  capacity,  such  losses  as  occurred  being  to  a  large 
extent  recoverable  by  rest. 

6.  (Beds  at  Friern  Barnet  (near  London),  Clifton 
Junction  (near  Bolton)  which  have  a  layer  of  fine 
material  on  the  top  have  remained  in  action  satisfac- 
torily  for  upwards  of  10  years.  A  sample  of  clinker 
taken  below  the  upper  layer  &om  the  bed  at  Clifton 
Junction  after  aboixt  10  years  was  found  to  be  quite 
clean  and  sharp. 

9.  Similar  results  have  been  obtained  at  Oldham, 
and  are  confirmed  in  the  1890  report  of  the  &Iaaeachu. 
setts  Board  of  Health.     (Filtration  of  Septic  Effluent.) 
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THiaTT-FIRST    DAY. 


luesday,  May  7  th,  1901. 


PRESENT  : 

The  Right  Hon.  The  Earl  of  Iddesleigh  {Chamtuin)  presiding. 


Mr.  Thomas  William  Killick. 
Mr.  WiLUAM  Henry  Power,  f.r.s. 
Professor  William  Ramsay,  f.r.8. 


Mr.  Charles  Philip  Cotton. 

Major-General  Constantine  Phipps  Carey,  r.e. 

Mr.  F.  J.  WiLUS,  Secretary, 


present  also  : 
Dr.  G.  McGowAN.         !         Dr.  A.  C.  Houston. 


Professor  E.  A.  Letts,  D.Sc,  Ph.D.,  called;  and  Examined. 


8573.  {Chairman,)  I  think  that  you  are  Dr.  Letts, 
Professor  of  Chemistry  at  Queen's  College,  Belfast? — 
I  am. 

8573*.  You  have  had  some  experience  of  where  sewage 
or  sewage  effluents  come  into  tidal  water? — ^Yes. 

8574.  Perhaps  you  would  not  mind  giving  us  a  general 
statement  containing  such  information  as  you  can  give 
us  ? — ^Yes,  my  Lord.  First  of  all,  the  evidence  which  I 
propose  to  give  here  is  on  the  matter  of  a  peculiar  sea- 
weed which  occurs  in  Belfast  Lough,  and  sives  rise  to  a 
very  serious  nuisance  there ;  and,  secondly,  1  propose 
to  say  something  about  experiments  which  I  have 
made  on  the  changes  which  occur  in  mixtures  of 
sewage  and  seawater,  so  with  your  permission  I  will 
take  those  two  branches  separately.  As  regards  the 
first  point,  that  is  the  occurrence  of  this  seaweed  in 
Belfast  Lough,  for  a  number  of  years  past  a  most 
serious  nuisance  has  arisen  in  the  Lough  during  the 
summer  and  the  autumn.  The  stench,  especially  at 
low  tide  from  the  foreshore  of  the  Lough,  being  quite 
overwhelming,  and  the  air  very  heavily  charged  with  sul- 
phuretted hydrogen.  A  precisely  similar  nuisance, 
though  not  of  the  sam«  mi^jnitude,  arises  from  the  fore- 
shore in  the  northern  portion  of  Dublin  Harbour,  which 
I  also  am  very  well  acquainted  with,  as  I  have  to  be 
there  two  or  three  times  a  year.  Now,  the  nuisance  in 
Belfast  at  all  events  has  been  supposed  by  a  great  many 
people  to  be  due  to  sewage  matters  actually  deposited 
upon  the  slobland,  because  the  sewage  of  the  town  runs 
directly  into  the  Lough  ;  formerly  it  ran  into  the  river. 
But  it  requires  very  little  observation  to  show  that  that 
is  not  the  true  explanation  at  all.  The  nuisance  in- 
variably is  associated  with  deposits  of  this  filmy  green 
seaweed,  which  is  called  Viva  Latissim^j  or  sea  lettuce, 
I  have  brought  here  specimens  of  this  weed  to  show  the 
Commission.     (Specimens  exhibited.)    I  may   mention 

here  thait  others  have  noticed  .the  occurrence  of  this  sea- 
weed in  polluted  sea  water,  and  the  nuisance  which  mar 
arise  from  it ;  indeed,  during  the  investigations  which 
we  have  been  making  on  this  subject  I  received  a  letter 
frem  Professor  Hartley  to  this  effect,  that  "  the  seaweed 
is  never  seen  on  any  shore  unless  sewage  runs  into  Uie 
water.  The  stronger  the  sewage  and  the  greater  its 
volume,  the  more  luxuriant  is  its  growth.  I  have 
observed  this,"  he  says,  "  during  the  last  twenty  years 
in  England,  Wales,  Ireland,  and  Scotland.  About 
eight  years  ago  I  washed  some  of  the  weed  in  fresh 
water,  and  placed  it  in  a  bottle  of  the  same.  In  about 
twenty-four  hours  the  bottle  was  opened,  and  the  con- 
tents found  to  Ibe  Hn  an  exceedingly  oflfensive  stete.  A 
paper  of  mine  in  the  Proc.  Boy.  Soc,  Edinburgh,  session 
1895-96,  touches  upon  this  matter."  In  point  of  fact 
that  paper  of  Professor  Hartley's  does  not  touch 
upon  the  seaweed  but  upon  ocean  deposits,  and 
especially  tiie  occurrence  of  sulphates  and  sul- 
phuretted hydrogen.  I  may  mention  that  when  I  re«d 
our  paper  Ibefore  the  British  AseocisAion  on  Ihe  subject, 
the  botanists  there  seemed  to  be  of  opinion  that  this 
seaweed  was  more  characteristic  of  brackish  water  tiian 
of  wjlluted  water,  and  they  were  rather  surprised  at 
what  I  said  about  its  luxuriance  in  polluted  water.  In 
the  upper  reaches  of  Belfast  Lough  this  seaweed  jrrowB 
in  almost  incredible  quantities,  and  during  high  winds 
or  ffales  it  is  washed  ashore,  forming  ^banks  which  are 
frequently  three  or  four  feet  thick,  and  extend  for  miles 
along  the  coast,   especially  on  the  southern   side  of 


Belfast  Lough.  In  the  northern  portions  the  quantity  ^f^^JSSi 
of  seaweed,  for  some  reason  or  other — the  exact  reason  d.8c*,  ph.d. 
I  am  not  so  sure  of — ^is  not  eo  darge  as  in  the  southern  wTTiofti 
portions  of  the  Lough.  When  the  seaweed  is  once  de-  ^  ' 
posited,  the  layers  of  it  often  remain  more  or  less 
stationary  in  the  shallow  bays  or  pools  in  the 
neighbourhood  for  months^  and  under  those  cir- 
cumstances, and  particularly  in  warm  weather,  rapid 
putrefaction  occurs,  and  a  perfectly  intolerable  stencn 
arises,  which  is  perceptible  over  a  wide  area,  and  seri- 
ously affects  not  only  the  comfort  of  the  inhabitants  of 
the  district,  but  the  value  of  their  property  also ;  and 
in  my  opinion  their  health  in  addition.  Here  is  some 
of  this  seaweed  which  was  allowed  to  ferment  in  a  bottle 
of  sea  water  for  some  time.  It  will  give  you  some  idea 
of  the  character  of  the  nuisance.  I  am  afraid  you  will 
smell  it  without  the  stopper  being  removed  at  all. 
That  is  merely  the  pure  weed.  It  has  been  well  washed 
with  water,  and  put  into  sea  water.  (Sample  produced.) 
Perhaps  I  may  be  allowed  to  give  an  instance  of  how 
great  the  quantities  are  which  grow  in  Belfast  Lough. 
There  is  one  small  bay  dose  to  wjiere  I  live — ^I  live  on 
the  shore  of  the  Lough  myeelf-~I  should  say  about  a 
quarter  of  a  mile  aczioee  which  was  covered  with  this 
weed  in  the  year  1699,  audi  asked  the  harbour  engineer, 
who  is  a  neighbour  of  mine,  if  he  fwould  give  me  some 
idea  of  the  quantity  in  that  small  bay.  "Well,"  he 
said,  "  I  should  judge  that  the  quantity  there  is  over 
1,000  tons,"  and  that  was  only  one  small  bay.  As 
regards  the  evolution  of  sulphuretted  hydrogen  some- 
times— it  is  perfectly  incredible  the  quantities  which 
are  evolved  from  the  decaying  weed.  The  Belfast  Guar- 
dians paid  us  a  visit  in  the  year  1889.  I  bad  never 
tried  the  experiment  before,  but  I  took  them  down  to 
the  shore  and  brought  a  piece  of  lead  paper  with  me, 
and  simply  exposed  it  to  the  air,  and  it  darkened  just 
as  rapidly  as  a  piece  of  photographic  printing 
paper.  I  had  never  seen  anything  like  it  even  from  a 
very  foul  sewer;  in  fact,  the  Guardians,  who  were 
very  suspicious  gentlemen,  said  ^^it  is  a  piece  of 
photographic  paper  blackening  under  the  influence 
of  the  light;  not  sulphuretted  hydrogen."  The 
smell  very  often  reaches  a  di^»nce  from  half  a 
mile  to  a  mile  inland,  so  that  will  give  you  some  idea 
of  the  extent  of  the  nuisance.  Then  as  regards  the 
matter  of  health,  I  cannot  find  that  the  medical  men 
will  alliwr  that  it  is  actually  injurious  to  health.  They 
are  a  little  bit  cautious  about  it,  and  they  take  rather 
the  death  rate  as  indicating  what  is  injurious  to  health 
and  not  other  things.  Now,  I  think  that  a  number  of 
things  can  be  injurious  to  health  without  affecting  the 
death  rate  in  the  very  slightest  degree,  and  some  in- 
stances of  what  I  would  call  affecting  health  have  oc- 
curred to  my  knowledge.  For  instance,  I  was  once  walk- 
ing with  a  lady  by  some  of  these  decaying  masses,  and 
after  we  had  passed  them  she  simply  collapsed,  and 
became  as  white  as  a  sheet ;  evidently  it  had  affected 
her  in  that  way.  And  then  again  I  have  known  people 
arriving  fresh  from  a  different  locality  in  this  place, 
and  presently  they  would  be  seized  with  bad  headache 
and  vomiting,  which  they  attributed  themselves  to  the 
wnell,  and  indeed  headaches  and  loss  of  appetite  «re 
very  common  down  liiere  with  many  of  the  people  who 
are  not  very  strong,  so  that  I  think,  although  it  may  nojb 
affect  the  death  rate,  it  does  affect  the  health 
of  the  people    during  the  months  when   it  is  worst. 
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ROYAL  COMMISSION   ON   SEWAGE   DISPOSAL: 


ProttMor  The  nuisance  became  so  bad  in  the  year  1808  to 
D*M  ^?'  ^®^  *****  *^®  patience  of  the  inhabitants  of  the  district 
•  J_  *  '  became  wellnigh  exhausted.  An  influential  committee 
7  May  1901.  was  formed  of  the  residents  on  both  sides  of  Belfast 
Loughy  and  a  deputation  waited  upon  the  Lord  Mayor 
aiid  the  City  Council,  and  eventually  the  City  authori- 
ties undertook  to  introduce  a  scheme  of  sewage  purifica- 
tion within  three  years  from  the  year  1899.  Meanwhile 
I  was  engaged  with  my  pupil,  Mr.  J.  Hawthorne,  B.A., 
in  an  investigation,  the  original  object  of  which  was 
merely  to  ascertain  the  cause  of  the  Belfast  nuisance. 
We  were  gradually  led  into  a  more  extended  inquiry, 
whicfi  has  embraced  not  only  a  study  of  the  chemical 
changes  which  occur  when  TJh>a  \aiim,ma  ferments,  but 
in  addition  an  examination  of  the  composition  and 
character  of  the  seaweed,  the  isolation  of  the  products 
of  its  fermentation,  attempts  to  isolate  the  particular 
micro-organisms  giving  rise  to  those  products,  and 
lastly,  we  have  endeavoured  to  ascertain  both  experi- 
nentally  and  by  an  examination  of  localities  in  Ireland 
in  which  the  weed  is  either  present  in  quantity  or  is 
virtually  absent,  the  relationship  of  TJhx^  Jatissima  to 
the  pollution  of  sea  water  'by  sewage. 

{Reprinted  from  the  Proceedings  of  the  Boyal  Society  of 

Edinburgh.) 

The  seaweed  Ulva  latissima  and  its  relation  to  the  pol- 
lution of  Sea  Water  by  Sewage.  By  Professor  Letts 
and  John  Hawthorne,  B.A.,  Queen's  College,  Belfast. 
(With  plates.) 

(Read  March  4,  1901.) 

For  a  number  of  years  a  very  serious  nuisance  has 
arisen  from  the  "  sloblands ''  of  the  upper  reaches  of 
Belfast  Lough  during  the  summer  and  early  autumn 
— the  stench  at  low  tide  being  often  quite  overpowering 
and  the  air  heavily  charged  with  smphurettecti  hydro- 
gen. 

A  precisely  similar  nuisance,  though  not  of  the  same 
magnitude,  arises  from  the  sloblands  in  the  northern 
portion  of  Dublin  harbour. 

This  nuisance,  in  Belfast,  at  all  events,  has  been 
supposed  by  many  people  to  be  due  to  sewage  matters 
actually  deposited  on  the  slobland,  but  it  requires  but 
slight  observation  to^rove  that  this  can  scarcely  be  the 
true  explanation,  for  without  doubt  the  nuisance  is 
intimately  associated  with  deposits  of  green  seaweed, 
consisting  almost  entirely  of  the  Ulva  latissima,  or,  as 
it  is  commonly  called,  the  "  Sea  Lettuce.''* 

In  the  upper  reaches  of  Belfast  Lough  this  weed 
grows  in  abundance,  and  during  high  winds  or  gales 
it  is  washed  ashore,  often  in  enormous  quantities, 
forming  banks  which  are  frequently  two  or  three  feet 
thick,  and  extend  at  times  for  miles  along  the  coast, 
especially  on  the  southern  shore. 

Once  deposited,  these  layers  of  weed  often  remain 
more  or  less  stationary  in  the  shallow  bays  or  pools 
of  the  neighbourhood  for  months,  and  under  these  cir- 
cumstances, and  particularly  in  warm  weather,  rapid 
putrefaction  occurs,  and  a  perfectly  intolerable  stench 
arises,  which  is  perceptible  over  a  wide  area,  and 
seriously  affects,  not  only  the  comfort  of  the  inhabi- 


♦  That  others  have  noticed  the  occurrence  of  this  sear 
weed  in  polluted  sea  water,  and  the  nuisance  which 
may  arise  from  it,  is  shown  by  the  following  letter 
which  we  received  from  Professor  Hartley,  F.Il.S.,  of 
the  Royal  College  of  Science,  Dublin,  during  our  in- 
vestigation on  the  subject :  — 

''nofessor  Johnson  has  shown  me  your  letter  in 
re  the  sewage  of  Belfast  and  the  shore  weed.  That 
weed  is  never  seen  on  any  shore  unless  sewage  runs 
into  iiie  water.  The  stronger  the  sewage  and  the  greater 
its  volume  the  more  luxuriant  its  growth.  I  have  ob- 
served this  during  the  last  twenty  years  in  England, 
Wales,  Ireland,  and  Scotland.  About  eight  years  ago 
I  washed  some  of  the  weed  in  fresh  water  and  placed 
it  in  a  bottle  of  the  same.  In  about  twenty-four  hours 
the  bottle  was  opened  and  the  contents  found  to  be  in 
an  exceedingly  offensive  state. 

"  A  paper  of  mine  in  the  Proc.  Roy.  Soc.  Edinburgh, 
•ession  1895-96,  touches  upon  this  matter." 

Nothing,  however,  appears  to  have  been  published 
on  thft  subject,  and  we  are  under  the  impression  that 
most  botanists  consider  Ulva  latissima  as  characteristic 
rather  of  brackish  thaa  of  polluted  sea  water. 


tants  of  the  district,  but  the  value  of  their  property 

also. 

•  •  •  •  •    .        •  . 

The  investigation,  the  results  of  which  we  describe 
in  the  following  pages,  was  originally  undertaken  with 
the  view  merely  of  ascertaining  the  cause  of  the  nuis 
ance  arisine  from  the  sloblands  of  Belfast.  But  we 
were  gradually  led  into  a  more  extended  inquiiy,  whicli 
has  embraced  not  only  a  study  of  the  chemical  changes 
which  occur  when  Ulva  latissima  ferments,  but  in  ad 
dition,  an  examination  of  the  composition  and  charac- 
ters of  the  weed  itself,  the  isolation  of  the  products 
of  its  fermentation,  and  attempts  to  isolate  the  par- 
ticular organisms  giving  rise  to  these  products ;  and 
finally  we  have  endeavoured  to  ascertain,  both  ex- 
perimentally and  by  an  examination  of  localities  in 
which  the  weed  is  either  present  in  quantitjr  or  is 
virtual^  absent,  the  relationship  of  Ulva  latissima  lu 
the  pollution  of  sea  water  by  sewage. 

For  the  sake  of  clearness  and  convenience  we  shall 
give  the  result  of  our  inquiiy  into  these  different  ques 
tions  in  a  somewhat  different  order  from  that  in  whicli 
they  were  obtained. 

The  Chemical  Changes  which  occur  when  Ulva  latis- 
sima ferments. 

A  quantity  of  the  fresh  weed  was  carefully  washed 
in  several  changes  of  ordinary  tap  water  until  free 
from  shells  and  debris  of  various  kinds,*  and  it  was 
then  distributed  between  two  flasks,  one  of  which  was 
filled  with  tap  water  and  the  other  with  sea  water,  care 
being  taken  to  get  rid  of  all  air  adhering  to  the  weed. 
A  well  fitting  (paraffined)  cork  was  then  attached  to 
each  of  the  flasks,  and  through  the  cork  a  gas  delivery 
tube  passed,  which  dipped  into  a  small  mercury  pneu- 
matic trough  and  under  an  inverted  test-tube  full  of 
mercury.  The  flasks,  with  their  attachments,  were 
then  left  in  the  laboratory  at  ordinary  (winter)  tem- 
peratures. 

After  some  six  weeks  the  contents  of  the  flask  con- 
taining the  viva  and  sea  water  b^an  to  evolve  gas, 
and  a  few  days  later  they  blackened,  while  Hiose  of  the 
flask  containing  ulva  and  tap  water  gave  off  gas  some 
days  later,  and  no  blackening  subsequently  occurred. 

Some  of  the  liquid  from  the  first  flask  was  driven 
over  along  with  the  gas,  and  when  the  test-tube  be- 
came full  of  the  latter,  the  liquid  escaped  on  to  the  sur- 
face of  the  mercury  in  the  pneumatic  trough.  It  was 
found  to  be  strongly  acid,  and  as  it  evaporated,  smelt 
of  butyric  acid.  The  gases  from  this  flask  were  ex- 
amined after  an  interval  of  about  three  months  had 
elapsed  since  starting  the  experiment,  and  were  found 
to  consist  mainlv  of  hydrogen,  carbonic  anhydride, 
sulphuretted   hydrogen,    and   nitrogen. 

These  preliminaiy  experiments  gave  a  distinct  clue 
to  the  nature  of  the  chemical  changes  which  the  weed 
suffers  when  it  rots  on  the  foreshore  in  a  moist  con- 
dition, as  well  as  to  the  cause  of  the  nuisance  to  which 
it  then  gives  rise. 

It  is  clear  that  an  acid  is  produced  in  the  first  stace 
of  the  fennentation  process,  while  at  a  l»ter  period, 
and  probably  by  a  distinct  fermentative  act,  sulphides 
and  sulphuretted  hydrogen  are  formed,  either  by  the 
reduction  of  the  sulphates  present  in  the  weed  itself 
or  in  the  sea  water,  or  from  the  albuminoids  contained 
in  the  former — ^these  sulphides  reacting  on  the  iron 
compounds  in  the  tissues  of  the  weed  to  give  ferrous 
sulpnide.  The  latter  would  no  doubt  be  attacked  by 
the  acid,  with  evolution  of  sulphuretted  hydrogen, 
and  thence  the  nuisance.  As  a  result  of  these  pre- 
liminary experiments,  we  decided  to  investigate  the 
?[uantitative  composition  of  the  gases  evolved  from  the 
ermentin^  ulva,  and  also  to  isolate  and  identify  the 
butjrric  acid. 

To  obtain  the  gases,  the  same  arrangement  was  em- 
ployed as  before,  only  the  flasks  were  placed  as  soon 
as  charged  in  an  incubator  at  blood  heat.  Under 
these  circumstances  gases  began  to  come  off  in  48 
hours,  and  were  then  rapidly  evofved. 

The  following  analyses  were  made :  — 

*  The  weed,  as  obtained  by  us  from  the  Belfast  fore- 
shore, was  nearly  always  infested  with  minute  spiral 
shell-fish,  which  feed  upon  it,  and  eat  out  circular 
holes. 


MINUTES  OF  EVIDENCK. 
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ANALYSIS  of  Gases  evolved  from  Ulm  UUissinui 
fermentiog  in  Sea  Water.' 


I. 

(Collected 

5  days  after 

incutiation, 

at37'*C.) 


II. 
(Collected 
12day8  after 
incubation, 
at37"C.) 


Volume  of  ^  taken 
After  addition  of  potash 
After  addition  of  pyro 
Oxygen  then  added    - 
After  explosion  • 


CO,  found 


Percentage  composition. 

CO, 

H, 


14*0  C.C. 

8  0 

8  0 

137 

•10-0 


16-55 

8-45 

8-45 

11-55 

•7-65 


6-0  C.C 
None 
7-8  C.C 
0-2 


»» 


14-0  C.C. 


8*10 

Non^ 

8-23 

0-22 


16-55 


42-8  C.C. 
66-7 
1-6 


>i 


tt 


100-0  C.C. 


48-04 

49-73 

1-33 


100-00 


*  The  gas  remaining  after  explosion  contained  no  CO,. 

No  sulphuretted  hydrogen  was  present  in  the  gases, 
which,  as  their  analyses  indicate,  consisted  entirely 
of  carbonic  anhydride  and  hydrogen.  Owing  to  the 
solubility  of  carbonic  anhydride  in  water,  it  was  to  be 
expected  that  the  gases  collected  at  Urst  would  con- 
tain a  lower  proportion  of  this  constituent  than  was 
actually  evolved.  Only  when  the  liquid  in  the  flask 
had  become  saturated  with  carbonic  anhydride  would 
the  gaseous  products  of  the  fermentation  make  their 
-way  into  tfaejsoU-ecting  tiibe  in  their  proper  proportions, 
and  this  state  appears  to  hare  been  reached  when  the 
seoond  analysis  was  made.  Its  results  show  the  car- 
bonic anhydridie  and  hydrogen  to  be  present  practically 
in  the  Mune  pcoportions  by  volume  or  in  equi-molecular 
proportions. 

The  fermentation  of  grape  sugar  by  the  Baccillus 
hutyricvLB  is  usually  represented  by  the  equation 

CeH„0<,  =  2C^0,  +  2H,  +  C4H,0, ; 

and,  as  we  have  already  mentioned,  before  we  had 
made  any  gas  analyses,  the  production  of  butyric  acid 
had  been  indicated. 

A  qualitative  examination  of  the  contents  of  the  flask 
after  fermentation  gave  further  evidence  of  the  pro- 
duction of  the  acid,  for  on  distilling  them  with  sul- 
phuric acid  an  acid  liquid  passed  over,  and  this, 
when  neutralised  with  soda  and  evaporated  to  dryness, 
gave  a  solid  residue,  which,  when  warmed  with  strong 
sulphuric  acid,  emitted  a  distinct  odour  of  butyric 
acid.  Also  when  it  was  warmed  with  strong  sulphuric 
acid  and  alcohol,  the  characteristic  odour  of  butyric 
«ther  became  apparent. 

We  should  probably  not  have  pursued  the  question 
further  had  it  not  been  for  the  results  of  a  quantita- 
tive analjTsis  of  what  we  supposed  to  be  calcium  buty- 
rate  obtained  as  follows : — 

Some  of  the  viva  was  well  washed  and  packed  into 
a  flask,  which  was  then  filled  with  sea  water  and  the 
mixture  fermented  in  an  incubator  at  37^  C.  until  gas 
evolution  ceased.  The  liquid  was  then  strained  off 
from  the  seaweed  through  a  cloth  filter,  distilled  with 
sulphuric  acid,  the  distillate  boiled  with  excess  of 
calcium  carbonate,  filtered,  and  evaporated  to  dryness. 
Weighed  portions  of  the  carefully  dried  residue  were 
then  ignited  with  strong  sulphuric  acid,  with  the  fol- 
lowing results: — 

0-2546  gnu.  gave  01883  grm.  CaSO^  =0554  grm. 

Ca  =  21  -75  7„  Ca. 
0-3696  grm.  gave  02681  gnn.  CaSO^  =0-0788  grm. 

Ca  =  21  -34  7„  Ca. 

Anhydrous  calcium  acetate  requires  25-32  %  Ca 

„  „        proportionate  requires  21*50  „ 

„        butyrate  requires  18*70  „ 

These  results  indicated  that  propionic  and  not  butyric 
acid  had  been  produced,  and  the  matter  seemed  worth 
further  investigation,  as  there  appears  to  be  some 
doubt  as  to  a  propionic  fermentation  from  crude 
vegetable  substances,  and  it  is  certainly  not  mentioned 


in  modern  chemical  or  bacteriolo^cal  text-books.     On    proftnar 
the  other  hand,  in  the  older  chemical  works  such  a  fer-  ^-  ^'  ht^^ 
mentation  is  mentioned.     Thus  in  Wurtz's  JHctionn'  ^-^^^I?'** 
airt  de  Chitnie  the  following  statements  are  made  under  7  Msj  1901. 
the  article  Acide  Fropionique: —  

(1)  Bedtenbacher  obtained  propionic  acid  by  ex- 
posing; glycerine  and  yeast  for  several  months  at  20- 
30®  C.    [IdMg^a  Annalen,  67  (1846),  p.  174.] 

(2)  Keller,  by  fermenting  bran  and  scraps  of  leather 
with  chalk.    [Liebig's  Annalen,  75  (1850),  p.  206.] 

(3)  Putrefaction  of  peas  or  lentils  gives  propionic 
and  butyric  acid.  [Boehme,  Joum.  prakt.  Chem.,  40 
(1877),  p.  278.] 

(4)  Fermentation    of   calcium    tartrate.    [Noellner, 
Lklng's  Annalen,  38  (        ),  p.  299.    Nickl^,  ibid.,  61 
(        ),  p.  343.     Dumas,  Malaguti,  and  Leblanc,  Comp, 
Rend.,2S(       ),  p.  78L]  ! 

(5)  Propionic  acid  is  stated  to  be  produced  by  the 
fermentation  of  glycerine  and  of  sugar  under  certain  cir- 
cumstances. [iStrecker's  Lehrbiuh  der  oraanitchen 
Chemie,  6th  edition  (1867),  p.  159.J 

While  in  Bichter's  Organic  Chemistry  (English  transla- 
tion, 1900)  none  of  these  (methods  are  mentioned,  the 
only  process  of  a  similar  kind  for  the  production  of  the 
acid  there  alluded  to  being  the  fermentation  of  calcium 
malate  and  lactate. 

We  therefore  decided  to  prepare  a  quantity  of  the 
acid  or  acids  which  the  fermenting  ulva  gives  rise  lo,  and 
to  submit  them  to  a  careful  examination. 

Accordingly,  a  considerable  quAntity  of  'the  well- 
washed  seaweed  was  fermented  with  sea  water  at  37^ 
C.  in  large  flasks  until  no  further  evolution  of  gases 
occurred,  which  required  about  fourteen  days.  The 
resulting  fluid  was  drained  off  from  what  remained  of 
the  seaweed  and  distilled  with  dilute  sulphuric  acid 
until  traces  of  hydrochloric  acid  began  to  come  over. 
Th}»  distillate  was  neutralised  with  caustic  potash  and 
evaporated  to  dryness,  when  (about  26  grms.  of  solid 
residue  were  obtained.  Experiments  with  weighed 
quantities  of  a  known  sample  of  potassium  butyrate 
indicated  that  the  best  method  for  extracting  the  acid 
was  to  treat  a  strong  aqueous  solution  of  the  salt  with 
sulphuric  acid,  and  then  to  extract  wiith  ether;  dis- 
tillation of  the  dry  salt  with  concentrated  sulphuric  acid 
leading  to  consideralble  charring  and  loss. 

The  dried  residue  wsa  therefore  dissolved  in  80  c.c. 
of  water,  the  resulting  solution  Altered  and  mixed  in  a 
separating  funnel  with  40  c.c.  of  strong  sulphuric  acid, 
when  an  oily  liquid  rose  to  the  surface,  l^e  contents 
of  the  separating  funnel  were  then  extracted  six  times 
with  well-washed  e^er,  the  etheral  extracts  filftered  and 
distilled  from  a  water^bath. 

The  remaining  liquid  was  submitted  to  fractional 
distillation,  and  after  three  fractionations,  (the  bulk 
distilled  over  between  140— 160°  0.  The  lower  boiling 
portions  were  treated  with  phosphoric  anhydride  and 
separately  fractionated. 

They  yielded  tthree  fractions,  which  were  collected  at 
the  following  temperatures :  — 

ri)  1100— 126® 
2)  1260— 160» 
(3)  I6OO— I660 

The  main  portion  of  the  distillate  from  the  first  frac- 
tionation weighed  4*7  grms.,  and  had  an  odour  which 
closely  resembled  that  of  a  known  sample  of  propionic 
acid. 

It  was  boiled  with  water  and  barium  carbonate  nntil 
neutralised,  the  resulting  solution  filtered  and 
9v»porated  on  a  water4>ath  to  a  syrup.  Its  behaviour 
now  was  curious.  Soone  of  the  syrup  was  dissolved  in 
a  little  alcohol  and  ether  was  then  added,  when  it  was 
reprecipitated  apparently  in  the  same  condition.  A 
drop  of  the  syrup  exposed  for  several  hours  also  dried 
up  to  a  gummy  mass  which  refused  to  crystallise.  But 
the  main  quantity  of  syrupy  liquid  suddenly  solidified 
on  stirring.  The  resulting  crystalline  mass  w«s  washed 
with  cold  alcohol  two  or  three  times  and  was  then  dried. 
It  behaved  in  precisely  the  same  way  as  a  known  epeci- 
men  of  barium  propionate.  Thus  it  readily  dissolved 
in  cold  water ;  and  on  adding  alcohol  to  a  concentrated 
solution  thus  obtained,  brilliant  crystals  separated  out, 
which,  when  examined  under  the  microscope,  had  very 
characteristic  forms,  being  either  quadlratic  ootohedra 
or  combinations  of  the  octohedra  with  quadratio  prisms. 
Its  analysis,  however,  showed  that  it  contained  small 
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ROYAL   COMMISSION   ON   SEWAGE   DISPOSAL: 


PrqfeMor    quantities  of  an  impurity  which  obstinately  adhered  to 
B.  A.  Letts,  it,  as  the  following  figures  show : — 


7  Max  1901. 


Analysis  of  Barium  Salt  dried  at  100^  0.  until  of 

constant  weight. 

(1)  0*5153  grm.  gave  0*4190  grm.  BaSO«  =  0*2464  grm. 
Ba  ^  47*8%  Ba 

[The  salt  had  been  washed  several  times  with  cold 
alcohol.] 

(2)  0*2000  grm.  gave  0*1623  grm.  BaSO«  =r  0*09543  grm. 
Ba  =  47*71%  Ba. 

fChe  ealt,  after  washing  with  cold  alcohol,  had  been 
boiled  with  alcohoL] 

(3)  0-2648  grm.  gave  0*2156  grm.  BaSO«  =  0*1268  grm. 
Ba  =  47*87%  Ba. 

|ln  addition  to  the  treatment  to  which  (2)  had  been 
submitted,  this  portion  of  tiie  salt  had'  been  recrystol- 
lised  from  water  by  ihe  addition  of  alcohol.] 

(4)  0*3216  grm.  gave  0*2822  grm.  BaSO*  =  0*1542  grm. 
Ba  =  47*93%  Ba. 

[Thie  salt  was  obtained  from  the  imol^er  liquoro  of 
(5),  but  was  reciystallised  from-  water  and  alcohol.] 


Obtained. 


Calculated  for. 


(1) 
(2) 
(3) 
(4) 


47-8 
47*71 
47*87 
47*93 


BaCCaHjO,),    -    53*72 
Ba(C,H90,)a    -    48*41 

Ba(C^H70a)a    -    44*05 


In  order  still  further  to  identify  the  propionic  acid,  a 
quantity  of  the  silver  salt  was  obtained  by  decomposing 
a  aolution  of  2  grams  of  the  barium-  salt  with  the  equi- 
valent quantity  of  silver  nitrate.  The  resulting  white 
precipitate  was  washed  on  a  filter  until  the  washings 
gave  no  precipitate  with  sulphuric  acid,  and  crystallised 
from  hot  water. 

Analysis  of  Silver  Salt  dried  in  the  desiccator. 

(1)  0*232  grm.  gave  on  ignition  0*1305  grm.   Ag=56-25% 

(2)  0*0720  grm.  gave  on  ignition  0*0400  grm.  Ag = 55*55% 
[obtained  from  the  mother  liquors  of  No.  1]. 

(3)  0*3633 grm.  gave  on  ignition  0*2141  grm.   Ag=58-98% 

[obtained  by  furtho^  evaporation  of  the  mother 
liquors  from  No.  2]. 

Per  cent.  Ag  obtained.        Per  cent.  Ag  calculated  for. 


(1) 
(2) 
(3) 


56*25 
55*55 
58*93 


AgC,HA 
AgCjEjO, 

AgC.HyOa 


64*66 
59*66 
55*38 


It  is  evident  from  these  figures  that  some  butyrate 
clings  obstinately  to  the  propionate,  toad  owing  to  its 
relative  insolubility  is  precipitated  first,  the  bulk  of 
the  propionate  being  found  in  the  mother  liquors. 

A  qualitative  reaction  waa  next  empik^ed  for  the 
identification  of  the  propionic  acid. 

If  this  acid  is  boiled  with  excess  of  litfaaige  and  the 
solution  allowed  to  remain  in  the  cold  for  some  time 
in  contact  with  the  Hthaige,  a  basic  lead  salt  is  pro- 
duced, which  is  more  soluble  in  cold  than  in  hot  water, 
and  hence  is  precipitated  on  boilkig  the  solution. 

Comparative  experiments  tried  both  with  a  known 
sample  of  propionfic  acid  and  with  some  of  the  fraction 
mentioned  above,  boiKng  between  ]25^-150<>,  give  pre- 
cisely simiilar  resulta  when  submitted  to  this  test,  a 
white  powdery  salt  being  precnpitated  from  each. 

The  three  fractione  obtained  from  the  lower  boiling 
portions  of  the  acids  obtainled  fnom  the  fermenting  ulva 
were  exarodned  as  follows. 

A  roughly  graduated  pipette  was  made,  and  with 
it  the  same  volume— about  0^  cc. — of  each  of  the  frac- 
tions was  removed,  weighed,  diluted  with  water,  titrated 
with  jg  baryta,  the  titrated  fluid  evaporated  to  dry- 
ness, and  heated  at  100^  0.  uninl  of  constant  weight, 
then  ignited  witb  sulphuric  acid,  and  the  resul^ng 
barium  sulphate  weighed. 

The  following  table  contains  the  results,  calculated 


in  such  manner  as  to  be  comparable  both  with  each 
other  and  with  the  theoretical  quantities  required  for 
acetic,  propionic,  and  butyric  acid  respectively. 


Fraction. 

Acid  Uken. 

CC.  Y0-  Baryta 

required  for 
1  pun  uf  acid. 

Weight  Of 
Dry  Barium  Salt 

from 
100  paru  of  acid. 

Parcentage 
of  Bariom. 

110"-126'C. 
l«6"-15(r  C. 

ific-ies'  c. 

0*2480  grm. 
0*2882    „ 
0-2102    „ 

IWl 
129*1 
118*7 

177*8 
180*7 
182*2 

60*68 
48*64 
44-70 

C,H.O, 
C,H,0, 

C4H.0, 

reqaiTM 

n 
II 

167*0 
186 -U 
118*6 

212 
191 
181 

68-72 
48*41 
44*06 

Although  these  results  are  not  entirely  satisfactory 
or  concordant)  they  certainly  point  to  to  Uie  occurrence 
of  acetic  as  well  as  propionic  and  butyric  acids  among  the 
products  of  the  fermentation  of  viva  in  sea  water,  but 
the  identification  of  the  former  with  certainty  was  not 
possible,  owing  to  'the  emallness  of  the  low  boiling 
fraction  and  the  difficulties  attending  the  separation 
of  a  given  add  of  'Uie  fatty  series  from  a  mixture  with 
its  homologues.  But  the  boiling  point  and  higher  spe- 
cific gravity  of  the  low  boiling  fraction,  as  well  as  the 
percentage  of  barium  found  in  the  barium  salt  obtained 
from  it,  can  acarcely  be  accounted  for  except  on  the 
assumption  that  it  contained  acetic  add. 

Our  experiments  on  the  fermentation  of  Ulva  loHs- 
sima  in  sea  water  thus  afford  evidence  that  at  least 
three  members  of  the  fatty  series  of  acids  are  produced. 
Of  these,  however,  propionic  add  is  fonned  in  by  far 
the  largest  quantity. 

The  Composition  of  the  Tissues  of  Ulva  latissima. 

The  occurrence  of  the  viva  in  'two  localities  (Dublin 
Haibour  and  Belfast  Lough)  in  considerable  quazitities 
where  crude  sewage  makes  its  way  into  the  sea,  and 
the  experiments  just  recorded  in  tiie  products  of  its 
fermentation,  raised  several  questions  which  rendered 
it  advisable  to  make  both  an  ultimate  and  proximate 
analysis  of  its  tissues.  Thus,  if  the  growth  of  the  weed 
in  quantity  is  induced  by  pollution  of  the  sea  water 
by  sewage,  the  weed  itself  might  possiibly  be  found  to 
contain  a  higher  proportion  of  nitrogen  than  is  present 
in  other  seaweeds  which  luxuriate  only  in  pure  sea 
water. 

Again,  as  regards  the  products  of  its  fermentation. 
What  sulbstance  present  m  its  tissues  gives  origin  to 
the  propionic  and  other  adds  ?  Is  it  a  carbo-hydrate, 
and,  if  so,  what  carbo-hydrate,  and  whence  come  tbe 
ferrous  sulphide  and  sulphuretted  hydrogen  which  are 
produced  abundantly  in  the  later  stages  of  the  fermen- 
tation? 

Ultimate  Analysis. — -For  the  ultimate  analysis  a  oon- 
dderable  quantity  of  the  seaweed  was  collected,  and 
each  frond  separately  washed  in  tap  water,  and  finally 
with  distilled  water.  The  seaweed  was  then  drained, 
pressed  between  filter-paper,  dried  in  the  air,  and  then 
in  a  desiocator  until  it  was  quite  brittle,  when  it  was 
reduced  to  a  fine  powder  in  a  movtar,  and  the  powder 
then  dried  in  a  weighing  bottle.  All  the  different  de- 
terminations were  made  on  portions  of  the  same  stock 
of  seaweed  thus  prepared. 

Ash. — To  obtain  the  ash,  weighed  quantities  of  the 

weed  were  ignited  in  a  platinum  crudble  until  the  residue 

was  of  constant  weight.    We  give  below  all  'the  results 

obtained,  but  may  remark  that  (2)  and  (^  are  probably 

too  low,  from  loss  of  sodium  or  potassium  chloride. 

(1)  0*6502  grm.  yielded  0*1001  grm.  ash  =  15*39% 
(2)0-4682    „  „       0*0667    „       „  =14*56  „ 

(3)0*4763    „  „       0*0698    „        ,,=14*68, 

(4)  0*4958    „  „       0*0762    „       „  =  16*37  „ 

(5)0*3248    „  „       0*0499    „       „   =  15*36  „ 

Mean    16-07% 


Total  Nitrogen.— hy  Dumas*  method. 

(1)  0*6280  gi*m.  gave  27*6  cc.  nitrogen  at  16''  C.  and  764  mm. 

=26*21  cc.  at  N.T.P.  =0*032836  grm- =  6*22%. 

(2)  0*1986  grm.  gave  10*5  cc.  nitrogen  at  19**  C.  and  764  mm. 

=9*87  cc  at  N.T.P.  =0*01237  srm.  =6*23%. 

.3)  0*7122  grm.  gave  36*6  ii.ii.  nitrogen  at  IT*  C.  and  764  mm. 
=34*63  cc  at  N.T.P.  =0*043382  grm.  =6*09%. 

Mean=6*]8„ 


MlXl'TES  OF   EVIDENCE. 
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Carbon  and  Hvilrogen.— The  powdered  weed  was  ig- 
nited on  a  clogedoombu»tion  tube  with  chromate  of  lead. 

(1)  0-6127  gnu. /0-2»37  grrn.  HoO= 0-0326  gnii.  H=  o-38;  . 

gave-      -\0-7936    „     COj  =  0-2164    „     C  =  35-32., 

(2)  0-6560  grm.rO-3075    „      H.O=0-0342    „     H=5-21„ 

gave-      -\0-8413    ,.      CO,=0i2294    „      r=34-08„ 

Mean  %  of  hydrogen  =  5-27 
„  carljon      =36*li'5 

The   composition   of   the  .tissues   of    Ulva  latissima 
deduced  from  the  preceding  analysis  is — 

Carbtm  -        -  35*  15 

Hydrogen   -        -        -  5*27 

Nitrogen     <  -  6-18 

Oxygen  (by  dift'erence)  38-3:i 

Ash     ...        .  15-i>7  c«ntHining{^:^i>«»"::  3-21^ 


100 -(10 


Prognmate  analym.—Th^  attempts  which  we  have 
made  to  isolate  any  definite  compounds  as  proximate 
constituents  of  the  viva  have  not  been  very  successful, 
but  it  is  only  fair  to  ourselves  to  say  that  we  have  not 
had  time  to  study  the  matter  exhaustively. 

Various  experiments  were  tried  with  different 
Tolvents. 

When  boiled  with  water  the  seaweed  does  not  soften 
nor  suffer  apparently  any  considerable  change,  and  no 
blue  colour  is  produced  when  the  infusion  is  treated 
with  iodine. 

A  special  experiment  was  made  to  ascertain  whether 
any  carbohydrate  was  present  capable  of  ready  hydro- 
lysis into  a  sugar,  and  for  this  purpose  a  quantity  of 
the  washed  lUva  was  treated  for  a  week  in  the  cold 
with  water  containing  5  per  cent,  of  sulphuric  acid. 
The  extract  was  then  drained  away  from  the  seaweed, 
excess  of  barium  carbonate  added,  the  solution  filtered 
and  evaporated. 

During  the  evaporation  white  amorphous  matter 
separated  and  oiiy  globules  also.  The  dried  residue  waa 
treated  with  a  Uttle  water,  the  solution  filtered  and 
heated  on  a  water-bath  with  2  grms.  of  crystallised 
phenyl-hydrazine  hydrochlorate,  and  3  grms.  of  sodium 
acetate,  but  no  trace  of  a  crystallised  osazone  could  be 
obtained.  For  the  sake  of  comparison,  a  mixture  of 
1  grm.  of  ordinary  dextrose  with  the  same  quantities  of 
p^henyl-bydiazine  hydrochlorate  and  sodium  acetate 
and  water  was  heated  and  gave  abundance  of  the  yellow 
osaEone 

The  amorphous  matter  turned  out  to  be  magnesium 
carbonate,  with  practically  no  organic  matter. 

The  remainder  of  the  tt/ra,  after  treatment  with  acid, 
was  well  washed  with  distilled  water,  and  then  digested 
in  the  cold  for  a  week  with  5  per  cent,  caustic  soda 
solution.  The  resulting  brown  liquid  was  coloured 
green  by  a  slight  excess  of  hydrochloric  acid,  and  a 
bn>wnish  flocculent  precipitate  was  produced. 

By  treating  the  ulva  with  alcohol  or  ether,  the  chloro- 
phyll, etc.,  are  only  very  slowly  dissolved.  In  a  pre- 
liminary experiment  some  of  the  dry  seaweed  was  sub- 
mitted to  the  boiling  reagent  in  an  extraction  apparatus 
for  a  week— ether  first,  and  alcohol  later — ^ut  at  the 
end  of  that  time  it  was  still  green  in  parts. 

In  a  later  experiment,  14  grms.  of  the  yilva — ^washed, 
dried,  and  roughly  powdered — were  boiled  in  a  flask 
with  inverted  condenser  for  a  week  with  alcohol.  Each 
day  the  alcoholic  extract  was  filtered  off  and  distilled 
from  the  aame  (tared)  flask,  the  distillate  being  again 
employed  for  the  extraction. 

The  dried  alcoholic  extract  weighed  2*35  grms.,  or 
about  17  per  cent,  of  the  weight  of  the  original  dried 
seaweed. 

What  remained  of  the  latter  was  then  dried  and 
digested  in  the  cold  for  eight  days  with  a  5  per  cent 
solution  of  caustic  potash.  The  liquid  was  then  filtered 
off  through  a  weighed  filter,  and  the  residue  of  sea- 
weed collected  on  the  latter,  well  washed  and  weighed. 
It  amounted  to  about  7  grms. 

On  the  supposition  that  alcohol  removed  all  the 
chlorophyll,  fat,  etc.,  and  the  caustic  potash  the  albu- 
minoids, the  composition  of  the  dried  seaweed  may  be 
represented  thus :  — 

Chlorophyll,  fat**,  etc.  -  -  17  % 
Albuminoids  or  "  proteidn  "  -  -  33  „ 
Cellulose 50 


If  the  percentage  amount  of  nitrogen  found  in  tha    rnt/eamr 
ulva  be  multiplied  by  the  factor  6-26  (often  employed  ^-^i^t*, 
for  calculating  .n  such  cases  the  "  proteids  "),  the  result  ^''^2^'^' 
is  38-6,  which  is  not  very  different  from  33,  and  it  must  "  ^^  i«w. 

He  remembered  that  the  experiment  was  only  roughly      

quantitative. 

Bacteriological  Examination. 

From  the  chemical  examination  of  the  products  of 
the  fermenting  viva,  it  seemed  probable  that  it  was 
attacked  by  at  least  two  different  species  of  micro- 
organisms—the  first  producing  fatty  acids  together 
with  hydrogen  and  carbonic  anhydride ;  the  second 
causing  the  formation  of  sulphides. 

The  evidence  on  this  point  was  tolerably  clear,  for  on 
several  occasions  no  sulphides  were  produced  at  all, 
and,  as  a  consequence,  no  blackening  of  the  weed  oc- 
curred, and  no  evolution  of  sulphuretted  hydrogen, 
although  fermentation  had  been  active,  and  fatty  acids 
had  been  plentifully  produced,  together  with  hydrogen 
and  carbonic  anhydride.  And  in  all  our  experiments 
in  which  the  weed  blackened,  the  acid-producmg  phase 
of  the  fermentation  preceded  that  of  the  sulphide  forma- 
tion by  a  considerable  interval. 

Also,  when  the  ulva  was  allowed  to  ferment  in  tap 
water  and  not  in  sea  water,  the  production  of  sulphides 
was  always  delayed,  and  very  often  did  not  occur  at  all. 

Numerous  attempts  have  been  made  to  isolate  the 
organisms  causing  the  two  changes,  but  not  with  abso- 
lute success  ;  and  we  may  take  this  opportunity  to  ex- 
press our  thanks  to  Dr.  Lorrain  Smith  and  Dr.  Tennant 
for  the  assistance  they  have  given  us  in  this  branch  of 
the  investigation. 

Stained  preparations  of  the  fermenting  viva  showed 
that  spore-forming  bacilli  similar  in  appearance  to 
B,  tetani  were  abundant,  but  all  attempts  to  isolate 
them  bv  Koch's  plate  method  or  Esmaich's  roll  tabe 
(anaerobic)  cultui-es,  either  with  ordinary  gelatine  or 
agar  media,  failed,  practically  no  colonies  appearing. 

A  special  culture  fluid  was  then  made  with  sea  water 
containing  1  per  cent  peptone  and  1  per  cent,  glucose, 
and  (after  sterilisation)  flasks  of  this  were  inoculated 
(A)  with  a  droplet  of  the  liquid  from  a  tube  containing 
fermenting  «?i»a  and  sea  water,  and  (B)  with  a  minute 
fragment  of  the  viva  itself  from  the  same  tube  after  its 
contents  had  been  heated  for  twenty  minutes  to  80®  C., 
to  destroy  all  but  spores. 

These  cultures  when  incubated  grew,  and  showed,  it 
was  thought,  some  sign  of  gas  evolution. 

After  five  days  agar  plate  cultivations  were  made 
from  both,  but  no  colonies  appeared.  Similar  cultiva- 
tions were  made  with  a  medium  containing  1  per  cent, 
peptone  and  1  per  cent,  glucose  with  sea  water  and 
agar,  both  under  aerobic  and  anaerobic  conditions,  but 
again  without  obtaining  any  definite  growth  of  colonies. 

On  the  other  hand,  the  glucose  peptone  sea  water 
medium  which  had  been  inoculated  with  a  fragment  of 
the  fermenting  weed,  heated  to  80®  C,  developed  acid, 


the  amount  of  which  was  determined  by 
solution. 


10 


bazyta 


•100% 
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10  c.c.  after  3  dayH'  incubation  at  37<'  C.  required  2-2 
c.c.      •  }iaryta=0'01628  gnnn.  propionic  acid. 

10  c.  c.  after  7  days*  incubation  at  37<>  C.  required  2-68 
c.c.  of  y-.  baryta =0*0198  grms.  propionic  acid. 

An  experiment  was  then  made  on  a  larger  scale  with 
this  culture  fiuid,  which  was  sterilised  and  inoculated 
with  some  drops  of  the  liquid  from  a  test-tube  contain- 
ing sea  water,  glucose,  and  peptone,  and  a  fragment  of 
the  fermenting  liZva. 

The  flask  containing  the  inoculated  fluid  was  pro- 
vided with  a  cork  and  an  arrangement  for  collecting 
any  gases  which  might  be  evolved,  and  was  placed  in 
an  incubator,  where  it  remained  for  two  or  three  weeks, 
but  no  appreciable  quantity  of  gas  came  off.  The  con- 
tents of  the  flask  were  then  distilled  with  sulphuric 
acid,  the  distillate  boiled  with  excess  of  barium  car- 
bonate, and  the  filtered  solution  evaporated  to  dryness. 
A  small  quantity  of  a  gummy  banum  salt  remained, 
whi^h  qualitatively  resembled  the  crude  barium  salt 
obtained  from  the  fermentation  of  the  weed,  but  its 
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Attempts  were  next  mado  to  obtain  colonies  of  the 
micro-organism  bj  employing  a  substratum  of  the  weed 
itself.  Some  fronds  of  the  viva  were  pressed  and  dried, 
and  then  attached  to  glass  plates  by  weak  gelatine  solu- 
tion. Th«  plates  so  prepared  were  next  sterilised  by 
heat,  and  three  of  them  treated  as  follows :  — 

On  No.  1  some  sterilised  gelatine  was  poured,  pre- 
viously inoculated  with  a  droplet  taken  from  a  tube 
containing  sea  water  and  a  fragment  of  viva  which  had 
fermented,  but  had  not  blackened.  On  No.  2  some 
sterilised  agar  was  poured,  which  had  been  similarly 
inoculated  ;  and  on  No.  3  the  same  medium,  inoculated 
from  /the  same  souroe,  which  had  previously  been 
heated  to  80^  C,  for  twenty  minutes. 

Of  these  three  plate  cultivations,  well-marked 
colonies  appeared  on  Nos.  1  and  2.  No.  3,  was  doubt- 
ful, and  too  much  dried  up. 

Two  colonies  from  No.  1  and  four  from  No.  2  were 
planted  out  in  the  tubes  containing  fragments  of  ulva 
and  sea  water  previously  sterilised.  In  three  days 
the  tubes  inoculated  with  No.  1  had  given  o£F  a  good 
deal  of  gas,  and  one  of  those  inoculated  with  No.  2  had 
also  given  off  gas  and  its  contents  were  turbid. 

It  seems  probable,  therefore,  that  by  this  method 
the  organism  causing  the  acid  fermentation  was 
isolated.  Regarding  the  second  or  sulphide-forming 
phase  of  the  fermentation,  as  we  have  already  said,  it 
always  occurred  much  latier  than  the  first  or  acid 
phase,  and  frequently  did  not  take  place  at  all ;  and 
although  the  presence  of  sea  water  does  not  appear  to 
be  absolutely  essential  to  its  occurrence,  yet  undoubted- 
ly it  materially  assists  it,  and  for  that  reason  we  are 
inclined  to  believe  that  the  sulphides  owe  their  origin 
chiefly  to  sulphates  in  the  water,  and  possibly  in  the 
idva  itself,  and  not  to  the  albuminoids  present  in  such 
.abundance  in  the  weed. 

There  is  also  some  evidence  to  show  that  the 
organisms  concerned  in  the  process  occur  in  the  mud 
of  the  foreshore  where  the  ulva  is  found,  and  not  in 
the  sea  water. 

The  following  experiment  brings  out  these  facts. 

A  number  of  test-tubes  were  partly  filled  with  sea 
water,  and  others  with  tap  water,  and  in  each  a  piece 
of  ulva  was  placed  previously  well  washed  in  tap  water  ; 
all  air  bubbles  adHiering  to  the  weed  were  got  rid  of  by 
pressure  w'th  a  glass  rod. 

A  cotton- wool  plug  was  then  inserted  in  the  mouth 
of  each  tube,  which  was  made  to  support  a  strip  of 
paper  moistened  with  lead  acetate,  which  hung  about 
an  inch  above  the  surface  of  the  liquid. 

In  addition  to  five  such  tubes  containing  the  washed 
weed  and  sea  water,  and  five  containing  the  washed 
weed  and  tap  water,  two  similar  tubes  were  prepared 
containing  unwashed  weed,  one  with  sea  water  and  the 
other  with  tap  water.  All  the  tubes  were  then  placed 
in  the  incubator.  In  24  hours  the  acid  phase  of  the 
fermentation  had  commenced  in  all  the  tubes,  indicated 
by  the  inflation  of  the  weed  by  the  evolved  gases. 

In  48  hours  the  lead  paper  in  the  tube  containing 
the  unwashed  weed  and  sea  water  had  begun  to  blacken 
distinctly,  and  that  containing  the  unwashed  weed  and 
tap  water  was  also  tinged,  though  faintly.  In  72  hours 
the  lead  papers  in  all  the  sea  water  tubes  were  strongly 
blackened,  but  those  in  the  fresh  water  tubes  remained 
unaffected,  except  the  one  in  the  tube  containing  the 
unwashed  weed.  In  168  hours  the  unwashed  weed  in 
sea  water  was  itself  beginning  to  blacken,  but  the  con- 
tents of  the  tap  water  tubes  had  still  only  faintly 
blackened  their  lead  papers. 

Even  after  a  month,  the  difference  in  the  appearance 
of  the  contents  of  the  two  sets  of  tubes  was  very  notice- 
able. Zelinsky*  has  described  an  organism  which  he 
named  Bacterium  hydrosulfureum  ponticu/nif  and 
obtained  from  the  ooze  of  the  Black  Sea,  which  reduces 
wulphates  to  sulphides,  and  evolves  sulphuretted 
liyurogen.  He  employed  a  special  culture  fluid  for  its 
growth,  containing  1  per  cent,  solution  of  ammonium 
tartrate,  1  to  2  per  cent,  solution  of  grape  sugar,  ^  to 

*  Zelinsky,  Proceedings  of   the  Russian    Physical    and 
i::hemical  Society,  25,  fa«c.  5  11893J. 


i  per  cent,  of  sodium  hyposulphite,  0*1  per  cent,  of 
potassium  phosphate,  and  traces  of  calcium  chloride. 

We  prepared  some  of  this  fluid  and  inoculated  (steri 
lised)  tubes  of  it  with  minute  fragments  of  the  follow 
mg:  — 

1.  Ulva  which  had  fermented  with  sea  water  for  12 
months  in  a  stoppered  bottle. 

2.  Ulva  which  had  been  fermented  with  tap  water 
for  the  same  time  and  under  similar  conditions. 

Lead  i>aper8  were  suspended  in  the  upper  part  of 
each  tube  by  cotton- wool  plugs,  and  the  tubes  then 
placed  in  the  incubator.  We  also  prepared  a  eimilar 
set  of  tubes  containing  ^  per  cent  of  ferrous  sulphate 
instead  of  the  hyposu^hite,  and  inoculated  them  iii 
the  same  way.  The  first  series  we  shall  call  A  and 
the  second  B. 

In  09  hours  the  lead  i>apers  in  all  the  tubes  were 
blackened  except  B  2,  and  a  filmy  growth  was  beginn- 
ing to  form  on.  the  surface  of  the  liquid  in  two  of  the 
tubes.  After  a  further  interval  of  24  hours,  A  1  was 
covered  with  a  pink  growth,  and  A  2  with  a  white 
growth.  A  1  was  plated  out  in  ordinary  agar  medium, 
but  it  gave  no  colonies,  but  A  2,  similarly  treated,  gave 
plenty  of  well-defined  colonies.  Three  of  the  latter 
were  again  plated  out  and  inoculation  from  the  result- 
ing colonies  made  in  tubes  containing  sterilised  ulva 
and  sea  water,  when  after  5  days  a  whitish  growth 
began  to  appear  in  the  tubes,  and  2  days  later  their 
contents  were  giving  off  sulphuretted  hydrogen. 

We  have  not  had  time  to  pursue  the  bacteriological 
investigation  further,  which  very  possibly  in  more 
experienced  hands  might  have  given  more  definite 
results,  but  we  believe  that  the  following  conclusions 
are  warranted  from  our  experiments:  — 

(1)  When  the  Ulva  laiimma  ferments  in  water,  it  is 
attacked  by  a  species  of  micro-oi^ganism,  which  is  a 
spore-forming  bacillus,  and  which  probably  infests  the 
weed  itself.  The  products  of  this  fermentation  consist 
mainly  of  propionic  acid,  but  other  fatty  acids  are 
formed  in  smaller  quantities,  together  with  carbonic 
anhydride  and  hydrogen.  This  micro-organism  pro- 
bably attacks  the  albuminoids  of  the  seaw^d. 

(2)  The  fennenting  viva  is  attacked  later  by  a 
second  species  of  micro-organism,  with  the  production 
eventually  of  ferrous  sulphide  and  sulphuretted 
hydrogen.  It  seems  probable  that  these  sulphur  com- 
pounds are  produced  from  the  sulphates  of  the  sea 
water  (or  those  contained  in  the  tissues  of  the  ulva), 
and  not  from  the  albuminoids  of  the  seaweed,  and  that 
the  micro-organisms  are  derived  from  the  mud  of  the 
foreshore  where  the  viva  grows. 

Our  experiments  so  far  do  nbt  enable  us  to  decide 
definitely  whether  the  sulphuretted  hydrogen  is  pro- 
duced directly  from  the  sulphates  (or  possibly  the 
albuminoids),  or  indirectly  from  the  ferrous  sulphide, 
by  the  action  of  the  organic  acids.  We  are,  however, 
of  the  opinion  that  some  of  the  gas  at  least  owes  its 
origin  to  the  second  of  these  two  causes. 

Ulva  latiasima  in  relation  to  Sewage  Pollution. 

The  evidence  which  we  have  collected  tending  to 
prove  that  the  occurrence  of  Ulva  latissima  in  quan- 
tity in  any  locality  is  associated  with  the  pollution  of 
the  sea  water  by  sewage  is  of  three  kinds. 

First,  that  afforded  by  the  composition  of  the  weed 
itself,  or  rather  by  the  proportion  of  nitrogen  it  con- 
tains. Second,  from  experiments  made  on  the  assimi- 
lation of  nitrogenous  compounds  by  the  growing  ulva 
from  sea  water  purposely  polluted ;  and  third,  from 
an  examination  of  the  localities  in  which  the  weed 
occurs  in  abundance,  and  of  those  from  which  it  is 
virtually  absent. 

We  shall  discuss  each  of  these  separately. 

1.  The  proportion  of  nitrogen  in  the  Ulva. — The 
most  interesting  and  important  result  of  our  analyses 
of  the  tissues  of  the  weed — and  certainly  the  most  sur- 
prising one  to  us — is  the  extraordinary  proportion  of 
nitrogen  which  they  contain.  In  the  following  table 
the  percentage  of  nitrogen  in  some  other  (dried)  sea- 
weeds is  compared  with  that  of  the  w/ra,  as  well  as 
the  "  proteine,"  obtained  by  multiplying  the  percentage 
of  nitr.o<5en  by  the  fncior  6*26. 
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Ulva  latiasima 

f  Ch  ondnis  crUptts  { Carragheen 
Mosa)  : 
Bleachecl,  from    Bewlay 

Evans. 
Bleached,  second  experi- 
ment. 
Unbleached,  from  Bally- 
castle. 
,         Unbleached,  second  ex- 
periment. 
'    G^fartina    fnamillota,  from 
Ballycastle. 
lAtminaria  digitata 
Bhodymenia  ^cUinata  (Dulse) 
Poi'pnyra  lacmiata 
Sarrophyllis  edulis 
Alarm  esciUenta  (Murlins) 

(Fueus  9(uxhannu9 
„    digitatus 
„    vesictUosus  • 
„    ceramium  rubrus 


Percentage  of 


Proteine. 


38-625 

9-587^ 
9-281 

18-38 

15 


1 

1-687  j 
13-737 


9-925 
21-656 
29*062 
19-300 
15160 


•  Thorpe's  Diet.  Appl.  Chem.    f  Wurtz,  Diet.  d.  Chini. 

Not  only  is  the  proportion  of  nitrogen  in  viva  extra 
ordinarily  high  compared  with  that  present  in  other 
seaweeds,  but  also  with  vegetables  generally.  Indeed, 
in  nitrogen  content  it  resembles  an  animal  rather  than 
a  vegetable  product,  as  will  be  seen  from  the  subjoined 
list  of  a  few  typical  substances  :  — 


Animal. 

Meat  (drv)  - 
Cheese  (diy)  - 
Milk  (dry  residue) 

Vegetable. 

Peas 

Clover  Hay 
Wheat    - 
Meadow  Hay 


Percentage  of  M  itrc>gen 
about 


perfect  health  for  seven  months,  during  which  time    Prqfetsor 
it  has  been  treated  with  several  different  specimens  of  f[^'j^^J 
fool  sea  water,  and  in  ihe  intervals  has  ^not  been  sap-     '  -^  ' 
plied  with  any  pure  sea  water,  for  after  the  failure  of  '^  May  iwi. 
our  first  experiment  it  occurred  to  us  that  a  far  better 
method  of  investigation  would  be  ito  examine  the  water 
in  which  the  weed  was  growing,  and  not  the  weed  itself. 

The  methods  of  water  analyais  are  delicate,  and  by 
contrasting  the  composition  of  aamples  of  sea  water 
both  'before  and  af  tar  the  ulva  had  been  allowed  to  grow 
in  them,  it  seemed  to  us  that  the  information  we  desired 
ought  to  be  readily  obtained. 

The  following  experiments  were  therefore  made  : — 
The  frond  of  viva  employed  was  well  washed  for  about 

an  hour  in  running  tap  water  to  free  it  from  debris. 

It  was  of  large  size,  its  area  being  147  square  inches, 

or  about  one  square  foot,  and  its  aotive  surface  there* 

fore  twice  that  amount. 

The  dish  in  which  it  was  placed  was  a  circular  glass 
vessel,  with  flat  bottom  and  vertical  sides,  8in.  in  dia- 
meter and  Sin.  high.  It  was  provided  with,  a  cover 
similar  to  itself,  and  it  contained  in  our  experiments 
1,600  cc.  of  water.  In  order  to  get  the  frond  of  sea- 
weed into  the  dish  it  was  folded  across  the  middle. 

Experiment  1. — ^Assimilation  of  Ammonia. — A  sample 
of  sea  'water  wias  einployed  whioh  was  collected  from  a 
locality  in  Belfast  Lrough  where  several  small  sewers 
discharge  directly  into  the  sea,  and  was  therefore  pre- 
sumably  polluted.  The  frond  of  ulva  was  rinsed  in 
the  dish  with  some  of  this  water,  which  was  thrown 
away,  and  the  dish  was  then  filled  with  more  of  the 
same  water,  the  air  bubbles  entangled  in  the  folds  of 
the  seaweed  being  got  rid  of  by  gentle  pressure  with 
a  glass  rod.  Some  of  the  water  was  analysed  before 
this  was  done,  while  after  a  week  had  elapsed  a  quan- 
tity of  the  water  was  removed  from  the  dish  and  also 

analysed. 

• 

The  results  of  the  two  analyses  were  as  follows  : — 


• 

Part«»  per  100,000. 

04 

p. 
4 

5 

Free 
Ammonia. 

Albuminoid 
Ammonia. 

4-4i 
3 

2i 
2 

Original  sea  water     - 

Afte  contact  mth  the  lUva 
seven  days 

for 

0-046 
0-000 

0-020 
0-020^ 

The  farmers  on  the  shores  of  Belfast  Lough  have  dis- 
covered the  value  of  the  ulva  as  a  manure,  and  large 
quantities  are  carted  away  by  them  and  used  on  their 
land.  It  no  doubt  fails  in  phosphates,  but  contains 
the  necessary  potassium  salts.  It  is  probable  that  it 
would  be  greatly  improved  for  most  crops  by  the  addi* 
tion  of  calcium  phosphate  or  basic  slag. 

2.  Assimilation  Experiments. — Our  first  idea  was  to 
contrast  the  extent  of  the  growth  of  the  viva  in  pure 
sea  water  and  in  polluted  sea  water  respectively,  and 
accordingly,  as  far  <as  possi^ble,  similar  tufts 
of  the  growing  weed,  adhering  to  stones,  etc.,  and 
freshly  removed  from  the  sea-shore,  were  placed  in 
two  glass  aquaria,  one  of  which  was  filled  with  the  pure 
sea  water  of  the  Irish  Channel  and  the  other  with  the 
same  water  to  which  2^  per  cent  of  Belfast  sewage  had 
been  added.  Photographs  were  then  taken  of  the  two 
tanks,  with  the  object  of  contrasting  them  with  photo- 
graphs on  the  same  scale  to  be  taken  later. 

The  result  of  this  experiment  was,  however,  curious, 
as  the  weed  in  bot^  tanks  soon  became  unhealthy  and 
died  in  a  month  or  two.  We  believe  thst  the  explana- 
tion was  that  in  both  cases  the  viva  was  killed  by  the 
strong  sunlight  to  which  at  times  it  was  exposed,  as 
the  two  aquaria  containing  it  were  placed  in  a  window 
facing  south-west,  and  the  experiment  was  made  in  the 
spring-time. 

Since  then  we  have  had  a  specimen  of  the  seaweed 
growing  in  a  glass  dish  placed  near  a  window  with  a 
northern  aspect  for  months,  and  as  we  write,  it  is 
still  in  a  perfectly  healthy  condition.  It  is  a  mere 
frond  of  the  u2va,  and  was  picked  up  on  the  shore,  unat- 
tached to  any  support,  and  indeed,  when  we  commenced 
our  experiments  with  it,  we  were  afraid  that  it  would 
be  nf  no  use  to  us.     But  this  frond  has  remained  in 
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The  seaweed  had  therefore  absorbed  every  trace  of  free 
ammonia  from  the  water,  a  result  which  was  quite 
unexpected  and  highly  interesting.  On  the  other  hand,, 
none  of  the  albuminoid  matter  had  ibeen  absorbed, 
which,  however,  is  quite  in  accordance  with  the  known 
facts  regarding  plant  nutrition.  In  order  to  verify 
this  resiidt,  the  ulva  was  allowed  to  remain  in  the  same 
water  for  another  week,  when  a  second  analysis  was 
made  with  precisely  the  same  results  as  before. 

Experiment  2. — ^Assimilation  of  Ammonia. — This  ex- 
periment was  made  with  the  view  of  getting  some  idea 
of  the  rapidity  with  which  the  ulva  can  absorb  free 
ammonia  from  sea  water,  and  also  to  ascertain  whether 
it  can  thrive  in  a  very  highly  polluted  water.  The 
frond  of  ulva  had  remained  in  the  sea  water  of  the  last 
experiment  an  additional  four  days,  making  eighteen 
in  all,  and  appeared  to  be  quite  healthy. 

A  sample  'of  sea  water  was  collected  from  the  same 
locality  as  before,  and  to  it  1  per  cent,  of  sewage  was 
added  (obtained  from  the  pumping  station  at  the  Bel- 
fast Main  Drainage  Outfall).  This  mixture  gave  on 
analysis  the  following  results  :  — 


PartH  per  100,000. 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Sea  water,  plus  1     per     cent. 
Hewage 


0-a30 


0-024 


But  as  it  contained  less  free  ammonia  than  was  expected, 
a  standard  solution  of  ammonium  chloride  was  added^ 

3  ( )  2 
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Vrvf^Mtit    sufficient  to  bring  up  the  free  ammonia  to  0*060  parts 
^/  /«?■  P«'  100,000. 

— -  The  frond  of  tdva  wae  drained  from  the  first  sample  of 

^  '"  sea  water  and  rinsed  with  this  mijoture,  again  drained, 

and  the  dish  then  filled  with  the  same  mixture. 

It  was  intended  <to  make  a  series  of  analyses  of  the 
contents  of  the  dieh  at  inieirals  of  about  twenty-four 
hours,  but  to  our  astonishment  we  founa  >uiat  practi- 
cally the  whole  of  the  free  ammonia  had  been  absorbed 
after  a  period  of  only  seyenteen  hours,  as  the  following 
determination  showe: — 


In  100,0U0. 

Free 
Ammonia. 


Sea  water,  plus  sewage  and  ammoniun  chlo- 
ride, after  contact  with  the  tUva  for  17 
hours 


0001 


With  the  object  of  itraoing  the  fate  of  the  albuminoid 
matters,  the  weed  was  allowed  to  remain  for  about  five 
weeks  in  contact  with  the  mixture,  while  a  flask  con- 
taining the  same  mixture  was  also  kept  during  the  same 
interval.  Both  samples  were  then  analysed,  with  the 
following  results : — 


Parts  per  100,000. 


Free 
Ammonia. 


Albuminoid 
Ammonia. 


Sea  vrattrvlus  sewage  and  aiiinio- 
nium  chloride,  kept  for  live 
weeks 

The  Haiiie  mixture  after  con- 
tact with  the  ulra  for  live 
weeks 


0050 


0-004 


0.016 
0017 


These  results  further  prove  that  the  ulva  cannot 
absorb  albuminoid  matters. 

Experiment  3. — ^Assimilation  of  Nitrates. — ^The  result 
of  these  experiments,  as  well  as  other  considerations 
to  be  mentioned  presently,  induced  us  to  extend  our 
inquiry  somewhat  further,  in  order  to  ascertain  whether 
the  viva  can  absoi^b  nitrogen  in  the  form  of  nitrates 
with  the  same  ease  and  rapidity  as  it  assimilates  that 
«lement  as  ammonia. 

The  same  frond  of  ulva  was  again  used  which  had  now 
been  under  ohserviation  in  the  dish  for  six  months. 
In  the  interval  from  the  last  experiment  the  water  in 
which  it  was  growing  had  been  changed  only  onca  On 
examination  it  was  found  that,  owing  to  the  inflation 
of  some  of  its  under  surface  by  evolved  oxygen,  a  por- 
tion of  the  frond  had  become  quite  dry  and  almost 
bleached.  We  thought  it  highly  probable  that  it  was 
no  longer  in  a  sufBoiently  healthy  condition  for  further 
experiment,  but  having  no  other  specimen  at  hand,  we 
decided  to  test  its  vigour  by  its  power  of  absorbing 
ammonia. 

Some  fresh  sea  water  was  .therefore  obtained  and 
examined  as  follows: — 200  c.c.  were  distilled  until 
100  c.c.  had  passed  over,  and  60  c.c.  of  this  distillate 
were  Nesslerised  for  the  free  ammonia.  The  residue 
left  in  the  distilling  flask  was  then  diluted  to  the  ori- 
ginal volume  (200  cc.)  with  ammonia  free  water,  and 
treated  with  zinc-copper  couple  for  twenty-foHr  hours 
at  ordinary  temperatures,  then  poured  off,  again  dis- 
tillAd.  and  the  distillate  Nesslerised.  The  result  of 
the  analysis  were  as  follows : — 


Parts  per  100,000 
Nitrogens. 


Free 
Ammonia. 


Nitrate. 


The  sample  of  sea  w<it<»r  con- 
tained    -        .        - 


0-005 


0006 


Sufiicient  ammonium  chloride  was  added  to  this  sea 
water  to  bring  up  the  nitrogen  as  free  ammonia  to 
0-042  parts  per  100,000,  and  this  strength  was  verified 
by  a  determination  made  as  before. 

The  frond  of  ulva  was  now  drained  from  the  sea 
water  in  which  it  had  been  immersed  for  some  months, 
rinsed  with  the  new  sample  prepared  as  just  described, 
and  the  dish  then  filled  with  the  latter. 

After  24  hours,  200  cc.  of  the  water  were  removed 
from  the  dish,  distilled,  and  the  distillate  Nesslerised, 
when  no  free  ammonia  was  found,  proving  that  the  sea- 
weed was  still  in  a  perfectly  vigorous  condition.  This 
was  also  shown  by  the  copious  evolution  of  oxygen 
which  had  occurred  from  it,  the  gas  remaining  en- 
tangled in  the  folds  of  the  frond. 

The  water  in  the  dish  was  next  poured  off,  and  suffi- 
cient of  a  standard  solution  of  potassium  nitrate  added 
to  it  to  bring  up  the  nitric  nitrogm  to  0*05  parts  per 
100,000,  when  it  was  emptied  back  again.  The  frond 
of  ulva  was  now  in  contact  with  ammonia-free  sea  water 
containing  nitrates,  and  was  allowed  to  remain  thus 
for  70  hours,  when  a  portion  of  the  water  was  rranoved 
from  the  dish,  and  the  nitrates  determined  by  the  same 
process  as  before.  The  water  was  found  to  contain 
0-005  parts  of  nitric  nitrogen,  showing  that  the  viva 
had  absorbed  90  per  oent.  of  the  amount  originally 
present. 

The  results  of  the  preceding  experiment  leave  no 
doubt  as  to  the  energetic  power  which  Ulva  latissima 
poss3Scies  of  absorbing  nitrogen  from  polluted  sea  water, 
both  in  the  form  of  ammonia  and  of  nitratee.  They 
also  clearly  demonstrate  that  this  seaweed  can  flourish 
in  highly  polluted  water ;  and,  in  addition,  they  lend 
a  gooi  deal  of  support  to  the  theory  which  we  had 
gradually  been  led  to  form,  that  the  occurrence  of  the 
viva  in  quantity  in  a  given  locality  may  be  regarded 
as  a  sign  of  sewage  pollution. 

From  the  results  of  these  experiments  it  is  possible 
to  calculate  the  rate  of  growth  of  the  ulva  under  the 
existing  conditions  ;  for,  as  its  tissues  contain  6*18  per 
cent,  of  nitrogen,  it  is  obvious  that  the  nitrogen  lost 
by  the  water  in  which  it  was  placed,  multiplied  by 

the  factor  gai  >  gives  the  weight  of  the  seaweed  formed. 

Thus,  in  experiment  2,  the  water  lost  0*049  per 
100,000  of  free,  or  saline,  ammonia  in  17  hours.  This 
is  equivident  to  0*0404  parts  of  nitrogen  per  100,000 ; 
and,  as  it  was  removed  from  1,600  cc.  of  watar,  its 
actual  weight  was  0*0000404  x  16-00006464  grm.,  and 

this,  multiplied  by  the  factor  ^,  gives  0*0104  s;rm., 

or  about  1  centigram.,  as  the  actual  weight  of  seaweed 
formed. 

A  series  of  determinations  showed  that  1  square  inch 
of  the  dried  viva  weighs,  on  an  average,  0*009  grm., 

80  that  in  this  experiment  -^^y  say,  1*1  square  inches 
of  the  viva  were  formed,  which  is  equivalent  to  nearly 
0*8  per  cent,  of  the  original  frond. 

We  hope  to  make  further  expe^ments  in  order  to 
ascertain  whether  the  rate  of  nitrogen  assimilation  is 
constant,  or  varies  with  the  concentration,  and  also  to 
what  extent  the  rate  is  affected  by  differences  in  illu- 
mination. 

3.  The  localities  in  which  dva  latisaima  occurs  in 
quantity  contrasted  with  those  from  which  it  Is  vir- 
tually absent — We  may  first  of  all  draw  attention  to 
two  particular  localities  which  have  oome  more  imme- 
diately under  our  observation  where  this  seaweed  is 
abundant,  and  one  from  which  it  is  almost  entirely 
absent  because  an  examination  of  the  conditions  ob- 
taining in  these  offers  some  very  striking  evidence  in 
favour  ol  the  view  mentioned  above,  viz.,  tiiat  the  oc- 
currence of  the  viva  in  quantity  is  an  indication  of 
sewage  pollution. 

The  first  two  localities  we  refer  to  are  Belfast  Limgh 
and  a  part  of  Dublin  Bay,  and  the  second  is  Strang- 
ford  Lough. 

Belfast  Lough. — ^According  to  the  statements  of  some 
of  the  older  inhabitants  of  the  neighbourhood,  Ulva 
latissima  waa  not  present  in  former  times  in  the  verj' 
large  quantities  in  which  it  now  occurs  in  the  upper 
reaches  of  the  Lough,  but  the  Zodra  marind,  or  sea 
grass,  now  found  only  in  emaJl  quantities,  was  abun 
danf 
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Up  to  the  jKear  1889  the  bulk  of  the  sewage  of  the 

•city  of  Belfast  ^as  allowed  to  flow  directly  into  tiie 

Lagan  river.     But  in  that  year  a  new  drainage  systeni 

was  inaugurated,   by  which  the  greater  part  ol  the 

.aewag»  is  collected  in  two  main  channels,   and  from 

JJiem  pumped  into  a  tank,  the  contents  of  which  ar«i 

discharged  (on  the  ebb-tide  only)  through  a  submarLno 

•culvert  opening  some  distance  seawards.      Belfast,  as 

•everyone  knows,  has  grown  with  remarkable  rapidity, 

.and  there  can  therefore  be  no  question  that  for  that 

.reason  alone  very  much  more  sewage  makes  its  way 

into  t^e  Lough  now  than  formerly,  and  this  amount 

has  undoubtedly  been  increased  since  the  introduction 

•of  the  main  drainage  scheme,  the  Lagan  river  no  longer 

.acting  as  a  settling-tank  in  which  the  bulk  of  the  sswage 

solids  were  dejiosited. 

The  tides  in  the  upper  reaohes  of  the  Lough  are 
eiuggish,  and  from  float  experiments  made  by  flie  en- 
gineer to  the  Harbour  Board,  it  would  seen  that  'Am 
greater  part  of  the  sewage  does  not  make  its  way  out 
of  the  Lough  on  the  ebb-tide,  but  havinc  drifted  a  cer- 
tain distance  seawards,  is  washed  backwards  by  the 
iflood-tide  in  a  bifurcatkng  stream,  which  distributes 
it  over  a  wide  area. 

In  Dublin  Bay   the  conditions  under  which    Ulva 
ilatiwima  occi^rs  in  quantity  are  both  interesting^  and 
signiticant. 

Broadly  speaking,  the  upper  reaches  of  the  Bay  are 
divided  artificially  into  two  portions  by  the  so-called 
Piceon  House  wall,  which  extends  for  more  than  a 
.mile  and  a  half  in  an  easterly  disection,  and  terminates 
in  P(X>lbe2  lighthouse.  A  second  wall,  called  the 
North  Bull  wall,  juts  out  from  the  northern  shore 
•of  the  Bay  at  Dolly  mount,  and  extends  in  a  S.£.  direc- 
tion to  within  about  1,000  feet  of  Pool  B^  lighthouse, 
terminating  in  a  second  lighthouse,  called  the  BulL 
The  nortliem  part  of  the  Bay  thus  almost  enclosed  by 
ihe  two  walls  forms  the  harbour.  On  the  other  hand, 
the  southern  portion  of  the  Bay  is  quite  open. 

The  harbour  receives  not  only  the  waters  of  the 
Liffey  river,  into  which  the  major  portion  of  the  city 
sewage  at  present  flows,  but  also  those  of  the  Tolka 
river,  which  is  polluted  by  a  large  sewer  running  into 
it  close  to  its  mouth,  while  another  large  sewer  dis- 
charges directly  on  to  the  northern  shore  close  to  the 
•city,  as  well  as  a  considerable  number  of  smaller  sewers 
the  whole  way  thence  to  Dollymount 

On  the  other  hand,  no  sewers  of  any  magnitude  (if, 
indeed,  any  at  alii)  discharge  their  contents  into  the 

.southern  portion  of  the  Bay  until  Blackrook  and  Kings- 

.town  are  reached,  which  are  quite  at  its  mouth.  Thus, 
broadly  speaking,    the  northern  portion  of  Dublin  Bay 

« consists  of  a  polluted  area,  while  the  southern  portion 
is  unpolluted.  Now,  plenty  of  the  ulva  is  found  on 
the  northern  shores  of  the  harbour,  and  is  washed  up 

.along  the  Clontarf  foreshore,  where,  as  in  Belfast 
Lough,  it  rapidly  putrefies  in  warm  weather,  and  sives 
rise  to  a  nuisance.     On  the  other  hand,  the  southern 

-portions  of  the  Bay  seem  to  be  quite  clear  of  the  sea- 
weed until  Blackrock  and  Kingstown  are  reached, 
where  it  is  found  in  fair  quantity. 

On  Plates  2  and  3  we  give  charts  of  these  two  localities 
'(Belfast  Lough  and  Dublin  Bay),  on  which  we  nave 
marked  in  black  those  areas  over  which  the  uha  is 
'chiefly  distributed.  It  must  be  recollected  that  most 
•of  this  seaweed  is  unattached  by  any  stalk,  and  drifts 
about  from  place  to  place.  £fence  no  chart  can  be 
drawn  to  represent  where  it  will  be  found  on  all  occa- 
•sions,  and  the  Plates  must,  therefore,  in  respect 
•of  the  occurrence  of  the  weed,  be  regarded  merely  as 
diagrams  Strangford  liougk,  which  is  quite  close 
to  Belfast  Lough,  resembles  the  latter  in  extent  of 
area,  and  also  in  the  large  surfaces  uncovered  in  its 
upper  reaches  at  low  water.  It  differs  from  it,  how- 
ever, in  that  no  large  town  is  situated  on  its  banks. 
In  this  Lough  Ulva  latissima  is  practically  absent. 
The  above-mentioned  facts  se^n  to  offer  strong  primd 
facie  evidence  that  the  growth  of  Viva  latissima  is 
.associated  with  sewage  'pollution  of  sea  water,  and  as  a 
consequence  that  its  occurrence  in  quantity  in  a  par- 
ticular locality  may  be  regarded  as  an  indication  of 
sewage  pollution.  There  can,  at  all  events,  be  no 
doubt  as  to  the  nuisance  which  this  seaweed  can  at 
times  gives  rise  to,  which  closely  resembles  that  pro- 
ceeding from  very  foul  sewage.  And  there  can  also  be 
no  doubt  as  to  the  extraordinary  powers  of  nitrogen 
assimilation  which  it  possesses. 
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It  need  scarcely  be  said  that  one  of  the  commonest 
methods  adopted  by  towns  situated  on  the  coast,  for 
the  disposal  of  their  sewage,  is  to  run  it  without  treat- 
ment of  any  kind  directly  into  the  sea. 

Mr.  Richard  Hassard  has  given  us  the  following  list 
of  the  chief  towns  in  Great  Britain  which  adopt  this 
plan :  — 


Alienleen. 

Dunilee. 

Iter  wick  -on  -  T  weei  1 . 

New<?u«tle. 

Sunderland. 

Scrarliorougli. 

Hlac?kiKM)l. 

Liver]M)ol. 

Birkenheail. 

Hull. 

(treat  (iriniMliy. 

Yarmouth. 


Mai^te. 

Dover. 

Folkestone. 

Hastings. 

Brighton. 

Portsmouth. 

Sidmouth. 

Teignmouth. 

Devonport. 

Swansea. 

Bristol. 


And  to  them  may  be  added  the  following  Irish 
towns  .  ~ 

Helfast.  ;  Waterford. 

Dublin.  Cork. 

Londonderry.  I  Limerick. 

Wexford.  (mlway. 

The  nature  of  the  chemical  changes  which  occur 
when  sewage  is  thus  treated,  the  speed  at  which  they 
take  place,  the  conditions  which  modify  either  the 
changes  themselves,  or  the  rate  at  which  they  occur, 
and  the  circumstances  under  which  a  nuisance  may 
arise,  are  questions  all  of  which  are  not  only  of  scien- 
tific interest,  but  also  of  practical  importance. 

In  order  to  decide  these  questions,  and  especially 
the  effects  of  varying  dilution  and  temperature  on  the 
speed,  and  possibly,  on  the  nature  of  the  chemical 
changes  occurring,  a  very  large  amount  of  experimental 
work  would  be  necessary,  and  for  this  reason  the 
results  which  we  now  bring  forward  must  be  considered 
as  chiefly  of  a  preliminary  nature. 

In  order  to  trace  the  nature  of  the  chemical  changes 
which  occur  when  mixtures  of  sewage  and  sea- water 
are  left  to  themselves,  and  the  speed  with  which  they 
take  place,  we  have  experimented  under  both  fuUv 
aerobic  and  partially  aerobic  conditions.  Indeed, 
in  the  second  series  of  experiments,  the  conditions  were, 
in  one  sense  anaensbic,  as  no  air,  as  such,  was  ad- 
mitted to  the  mixture,  which,  however,  contained  the 
gases  its  constituents  had  dissolved  from  the  atmo- 
sphere. 

The  method  of  investigation  adopted  in  the  second 
series  of  experiments  was  that  originally  employed  by 
Dr.  Adeney  in  his  very  important  researches  on  "  The 
Course  and  Nature  of  Fermentative  Changes  in  Natural 
and  Polluted  Waters  and  in  Artificial  Solutions." 
Briefly  stated,  this  method  consists  in  analysing,  from 
time  to  time,  the  gases  boiled  out  in  vacuo  from  the 
polluted  water  or  artificial  solution,  and  thus  ascer- 
taining the  amount  of  dissolved  oxysen  which  disap- 
pears, and  that  of  the  carbonic  anhydride  which  is 
produced. 

In  our  exoeriments  with  mixtures  of  sewage  and  sea- 
water,  we  have  adopted  Adeney's  method ;  and  for 
boiling  out  and  analysing  the  dissolved  gases,  we  have 
used  an  apparatus  similar  to  his  own,  and,  thanks  to 
his  kindness,  largely  constructed  under  his  own  super- 
vision. Simultaneously  with  the  gas  analyses,  deter- 
minations were  made  in  the  same  sample  of  the  mix- 
ture of  — 

(1)  The  "  free  "  and  "  albuminoid  "  ammonia. 

(2)  The  "  oxygen  absorbed  "  from  acid  permanga- 

nate during  four  hours  at  80°  F. 
^3)  The  nitrites  by  the  phenylene  diamine  process. 
(4)  The  nitrates  by  the  zinc-copper  couple  method. 
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fn^f^nor  In  commencing  a  series  of  experiments,  a  stock  of  the 
S^rai  ^^^^^^  o^  sewage  and  sea- water  was   made,   and   a 

^'  .!_ '  '  series  of  bottles  filled  to  the  brim  with  it  and  tightly 
7  Bbj  ifloi.  stoppered. 

These  were  then  completely  immersed  in  water  con- 
tained in  a  zinc  bath,  the  temperature  of  which  was 
regulated  by  a  sensitive  thermostat  and  an  automatic 
(water-driven)  stirrer. 

In  analysing  the  dissolved  gases,  a  given  quantity 
(200  c.c)  of  uie  mixture  was  withdrawn  from  one 
of  the  bottles  through  a  tube  plunged  to  the  bottom, 
and  rapidly  transfened  to  the  boilin^-out  apparatus 
In  this  way,  only  the  lower  layers  of  liquid  were  removed 
for  analysis,  and  contact  of  the  sample  with  air  avoided. 
A.S  in  Adeney's  experiments,  a  small  quantity  of  sul- 


Shuric  acid  was  added  before  boiling  out  the  gases,  to 
ecompose  any  bicarbonates  presenE. 

In  the   aerobic  experiments,  a  large  confectioner'a 

{ar  was  used  to  contain  the  mixture,  and  this  was 
leated  in  a  water-bath.  Inside  the  iar  a  thermostat 
was  placed,  as  well  as  a  stirrer,  both  being  made  of 
glass.  For  obvious  reasons  no  analyses  of  dissolved 
gases  were  made  in  this  series  of  experiments. 

The  sea-water  used  in  all  the  experiments  was  col- 
lected from  a  spot  (near  Black  Head)  just  outside  Bel- 
fast Lough,  and  at  a  time  of  the  tide  when  there  was 
a  strong  current  from  the  Irish  Channel,  so  that  the 
water  was  uncontaminated.  Three  samples  of  sea- 
water  (collected  on  different  occasions)  were  employed 
which  we  shall  call  1,  2,  and  3.  The  following  deter- 
minations were  made  in  them  :  — 


Ska-Watkr. 


No.  of 
Sample. 


Tempera- 
ture 

when 
collected 

in-C. 


(In  cubic  centimetres  per  litre 
atN.  T.  P.) 

Dissolved  Gases. 


CO, 


Ofl, 


N, 


Total. 


(In  parts  per  100,000.) 


Unoxidized  Nitrogen  as 


Free 
NH^ 


Albd. 
NH,. 


Total. 


Oxidized 
Nitrogen 


Nitrates. 


**  Oxygen 

absorbed" 

in  4  hours 

at  80°  F. 


1 
2 
3 


8*8 

9-9 

ll-O 


45-20 


6 -90 


1216 


64-31 


-0018 
-0013 


-0058 
•0066 


■0071 
•0079 


•0033 


0-1328 
0-0952 


^  The  sewage  was  obtained  from  the  Belfast  Main 
Drainage  system,  close  to  the  Outfall  Works,  either 
from  the  sewer  itself  or  from  the  tank  into  which  the 
sewage  is  pumped  previous  to  its  discharge  into  the 


Lough  on  the  ebb  tide.  Three  samples  were  employed, 
each  of  which  was  filtered  previous  to  its  employment* 
The  following  determinations  were  made:  — 


Filtered  Sewage. 


\ 


No.  of 

In  parts  per  100,000. 

Total 
Solids. 

Nitrogen  as- 

Sample. 

Free  NH,. 

Albd.  NH,. 

Total. 

1 

469-8 

1-82 

015 

2-97 

2 

243-7 

1-25 

0-69 

1*84 

3 

93-5 

0-33 

1-32 

1-65 

Experiments  in  Closed  Vessels. 

Three  series  of  experiments  were  made,  all  at  the 
same  temperature,  viz.,  21**  C,  and  with  the  same  pro- 
portions of  sewage  and  sea- water,  viz.,  1  part  by  volume 
of  the  former,  and  99  parts  of  the  latter. 


In  the  first  series.  No.  1  sample  of  sewage  and  No.  1 
sample  of  sea-water  were  employed.  In  the  second 
series.  No.  2  sample  of  sewage  and  No.  2  sample  of 
sea-water ;  and  in  the  third  series  No.  3  sample  of 
sewage  and  No.  3  sample  of  sea-water. 


In  the  following  table   we   give  the   results  of  the  different  determinations — 

Sea-Water  and  1  per  Cent.  Sewage  in  Stoppered  Bottles  at  21»  C. 


4d 

e 


Time. 


(In  cubic  centimetres  per  litre 
atN.  T.  P.) 

DiHsolved  Gases. 


CO 


2*       I 


O.,. 


^2* 


I 


Total. 


(In  parts  per  100,000.) 


Unoxidized  Nitrogen 
as — 


Oxidized  Nitrogen 
as — 


Free. 
NH,. 


Albd. 
NH,. 


Total. 


Nitrates.  I  Nitrites. 


"  Oxj'gen 

Absorbed" 

in  4  hours 

at  SO''  F. 


When  mixed  -  45*81 

After   6  hours  |  4605 

24      „  .  47-78 

48  t  48-91 


»» 


>» 


}} 


>» 
}} 
if 


J' 


When  mixed  - 
After  12  hours 

18 

38 

90 
528 


ft 


»} 


a 


46-74 
47-18 
46-95 
47-04 
4718 
47-56 


I    J.7 


When  mixed 
After   7  days 


14 
21 


It 


46-23 
47-31 
47-33 
4713 


5-23 
6-20 
314 
2-02 

5-37 
5-20 
5  08 
4-97 
4-60 
4-42 

5-30 
4*41 
3-81 

3-87 


1013 

9-98 

10-03 

1004 


61-17 
61-23 
60-95 
60-97 


•-  I 


10-29 

62-40 

10-14 

62-52 

1008 

6211 

1011 

62-12 

9-87 

61-65 

10-01 

61*99 

11-49? 

63-02 

11-11 

62-83 

10-60 

61-74 

11-06 

82-06 

•0171 
•0171 
-0046 
•0079 

•0092 
•0066 
•0079 
•0066 
•0099 
•0138 


•0165 
•0165 
•0263 

I  •oios 

I  -0072 
•0046 

,  -0072 

;  -0059 
-0066 

!  traces. 


•0336 
•0336 
•0309 
•0244 


•0164  \ 

•0112  I 

•0151 

•0125 

•0165 

•0138 


•0066 
•0062 
•0062 
•0095 

•0033 
•0119 
•0058 
•0078 
•0041 
•0062 


None. 


tt 

tt 
It 

M 

»» 
t* 

tt 
tt 
tt 


•144 
•128 
•108 
•061 

•091 
•052 
•059 
•087 
•062 
•069 


MINUTES  OF  EVIDENCE. 
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The  most  striking  feature  of  this  tftble  is  the  eridence 
affoided  of  tiie  great  rapidity  of  the  changes  which 
occurred  in  the  first  senes  of  experiments  compared 
with  those  which  took  place  in  the  second  and  third 
series.  In  the  former  about  40  per  cent,  of  the  die- 
solved  oxygen  disappeared  in  24  hours,  and  60  per  cent, 
in  46  hours,  whereas  in  the  second  series  only  about 
7  per  cent  had  disappeared  in  38  hours,  14  per  cent,  in 
90  hours,  and  only  IB  per  cent,  in  528  hours  (22  days). 

Owing  to  an  accident  to  the  gas  analysis  apparatus 
when  commencing  the  third  series  of  experiments,  the 
dissolved  oxygen  and  nitrogen  in  the  original  mixture 
of  sewage  and  sea-water  could  not  be  determined ;  but 
if  it  be  assumed  that  the  oxygen  was  about  the  same 
as  in  the  preceding  series  (as  was  no  doubt  the  ease), 
then,  in  7  days  (168  hours),  only  15  per  cent,  was  lost, 
and  at  the  end  of  21  days,  26  per  cent. 

The  composition  of  the  sewage  employed  is,  no  doubt, 
mainly  responsible  for  this  remarkable  difference  in  the 
behaviour  of  the  mixtures,  No.  1  sample  being  evi- 
dently far  more  concentrated  than  the  other  two. 

Want  of  uniformity  in  the  composition  of  sewage  is 
one  of  the  difficulties  which  must  attend  experiments  of 
the  kind  described,  and  it  is  not  easy  to  see  how  it 
should  be  overcome. 

It  is  evident  that  what  is  really  required  is  a  stock 
of  standard  sewage — say,  London  sewage,  but  how 
•could  this  be  preserved?  If  evaporated  to  dryness,  a 
-stock  of  putrescible  substances  of  uniform  composition 
would,  no  doubt,  be  obtained ;  but  they  would,  of 
course,  have  suffleired  considerable  changes  during 
evaporation,  and  would  scarcely  be  of  the  same  nature 
as  sewage,  especially  as  the  characteristic  bacteria 
would  have  been  destroyed. 

Another  plan  would  be  to  experiment,  as  Dr.  Adeney 
has  done,  with  definite  suibstances,  such  as  urea, 
asparagine,  albumen,  etc.,  and,  no  doubt,  much  light 
would  thus  be  thrown  on  the  subject ;  <but  this  method 
would  involve  an  enormous  amount  of  work,  as  each 
substance  would  require  separate  investigation,  both  at 
different  temperatures  and  in  different  concentrations, 
and  it  might  after  all  be  urged  that  such  substances 
do  not  represent  sewage. 

Turning,  again,  to  the  Table  of  Besults,  the  evolu- 
tion of  carbonic  aoihydride— or  rather  its  production — ^in 
relation  to  the  oxygen  absorbed,  presents  interesting 
features.  For  the  sake  of  convenience  we  have 
tabulated  them  separately — 


Series. 


Time. 


In  cubic  centimetres  per  litre. 


I 

After 

6  houra 

1 

24     „ 

I 

48      „ 

2 

12     „ 

2 

18     „ 

2 

38     „ 

2 

90     „ 

2 

528      „ 

.3 

7  days 

.S 

14      „ 

3 

21      „ 

Oxygen 
Disappearing. 


0-03 

2-09 

3-21 

017 

0*29 

0-40 

0-77 

0-95 

0-89? 

1-49 

1-43 


Carbonic 

Anhydride 

Evolved. 


0-24 
1-97 
310 
0-44 
0-21 
0-30 
0-44 
0-82 
1-08 
110 
0-90 


It  is  evident  that  there  is  a  fairly  close  agreement 
between  the  two  sets  of  figures  which  is  most  striking 
in  the  case  of  the  first  series ;  and  the  conclusion  seems 
warranted  that,  when  sewage  decomposes  in  sea  water ^ 
the  first  ckeiMCcH  change  whidi  occurs  is  chiefly  the  ahsorp- 
tinn  of  oxygen  and  production  of  almost  the  equivalent 
■quantity  of  carbonic  anhydride, 

• 

The  question  naturally  arises  as  to  the  significance  of 
this  reaction.  Does  it  mean  that  substances  of  the 
nature  of  carbohydrates  are  first  attacked,  for  example, 
glucose  as  the  simplest  type,  according  to  the  equation  : 

CeHjaOa  f  GOj  =  6CO2  +  QKfi. 

or  are  the  nitrogenous  bodies  attacked  with  evolution  of 
carbonic  anhydride  and  the  formation  of  more  highly 
oxidized  substances?    This  question  can  only  bo  decided 


by  experiments  on  mixtures  of  substances  of  definite    Pn^femir 
composition  and  sea-water;  but  the  first  explanation  ^\^'i^» 
appears  the  more  pxobable  one.^  _. 
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lA  very  instructive  result  of  our  determinations  is  the      

comparison  of  the  ''oxygen  absorbed"  by  the  perman- 
ganate test  with  the  oxygen  actually  abscobed  as  shown 
by  the  analyses  of  the  dissolved  gases,  which  clearly 
show  how  fallacious  the  indications  of  the  first-named 
test  are. 

This  is  shown  in  two  ways,  and  to  illustrate  the  point 
it  will  be  sufficient  to  take  the  figures  obtained  in 
Series  1.  First,  if  we  take  the  results  obtained  from 
the  "oxygen  absorbed"  test  in  the  original  mixture, 
and  contrast  it  with  the  oxygen  actually  absorbed  in 
48  hours,  the  figures  are,  respeotiyely,  0*144part8  by 
weight  per  100,000,  and  3*^  c.c.  per  litre.  The  latter 
is  equivalent  to  4*6  milligraounes  per  litre,  or  0*46  jMurts 
by  weight  per  100,000.  In  other  words,  the  oxygen 
actually  absorbed  was  about  three  times  as  much  as  the 
amount  shown  by  the  permanganate  test. 

Next,  if  we  contrast  the  differences  in  different 
periods  of  the  two  tests,  and  translate  them  into  the 
same  units,  we  obtain  the  following  figures : — 


6  hours 
24 
48 


}} 


»» 


Dissolved  Oxygen 

actually 
disappearing  after 

Differences  between 
"  Oxygen  al)8orbed  " 
originally,  and  after 

00043 
0*2996 
0-4602 

0-018 
0-036 
0-063 

The  figures  represent  parts  per  100,000,  and  should, 
of  course,  correspond  if  the  oxygen  of  the  permanganate 
acted  in  the  same  manner  as  the  dissolved  oxygen. 
This,  of  course,  was  not  to  be  expected,  but  it  is  surely 
a  remarkable  fact  that  a  more  energetic  oxidation  is 
induced  by  micro-organisms  and  free  oxygen  than  by 
the  nascent  oxygen  of  t^e  permanganate  solution. 

Turning  next  to  the  determinations  of  nitrogen  both 
*'unoxidized"  and  ''oxidized,''  we  have,  in  the  Table 
expressed  their  amounts  in  the  orthodox  manner  of 
parts  per  100,000,  but  owing  to  the  smallness  of  the 
quantities  involved,  and  the  magnitude  of  the  unavoid- 
able experimental  errors,  the  result  may  be  misleading. 
In  all  the  determinations  (with  the  exception  of  the 
nitrites),  the  nitrogen  was  eventually  obtained  as 
ammonia,  and  the  latter  estimated  by  Nesslerizing. 

In  determining  both  the  free  and  albuminoid  am- 
monia, a  modification  of  the  usual  process  was  em- 
ployed. 500  c.c.  of  the  mixture  of  sewage  and  sea- 
water  was  distilled  until  200  c.c.  had  passed  over 
into  a  graduated  fiask.  The  contents  of  the  latter  were 
then  well  shaken,  and  50  c.c.  Nesslerized  for  the  free 
ammonia.  In  a  similar  manner,  after  adding  the  alka- 
line permanganate,  a  further  200  c.c.  were  distilled  off, 
and  50  c.c.  Nesslerized  as  before.  It  is  clear  that  the 
results  in  each  case  had  to  be  multiplied  by  4  to  give 
the  free  or  albuminoid  ammonia  in  the  original  500, 
and  by  8  to  obtain  parts  per  100,000. 

It  is  obvious  that  a  small  error  in  the  amount  of  am- 
monia found  in  the  50  c.c.  of  distillate  becomes  greatly 
magnified  in  the  expression  for  the  final  result.  Thus, 
an  error  of  ^  c.c.  of  the  weak  ammonia  solution  used 
for  the  determination  corresponds  with  *004  parts  per 
100,000  or  '0033  of  nitrogen,  and  such  an  error  is 
quite  probable. 

In  the  case  of  the  nitrates,  the  error  becomes  magni- 
fied five  times,  as  200  c.c.  of  the  original  fluid  were 
treated  with  the  zinc-copper  couple,  and  the  resulting 
ammonia  determined  in  the  whole  of  the  distillate. 

In  view  of  these  facts,  a  more  accurate — or,  perhaps 
we  should  say  a  less  misleading — method  of  expressing 
the  results  would  be  to  give  the  actual  number  of  cubic 
centimetres  of  the  weak  ammonia  solution  used  in  the 
different  determinations,  and  this  we  have  done  in  t^*^ 
following  table :  — 


'^  It  has  been  suggested  to  us  that  possibly  both  the 
ausorption  of  oxygen  and  evolution  of  carbonic  anhydride 
may  he  due  to  an  act  on  the  part  of  the  niicrO'0:^anujnis 
analogous  to  ordinary  respiration 
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jr.  A.  Lett*.  Bottles  at  32P  C. 

—       The  number  of  cubic  centimetres  of  Standard  Ammonia 
7  %Uj  iftoi.     g(jiutj<jn  (1  C.C.  =  01  mg.  NH,)  actually  required  in  the 

different  determinatiooH  for  : — 


Time. 


600  _  125  C.C.  of 
4    '    mixture. 


200  C.C.  of 
mixture.  ' 


126  c'.c.  of  mixture 
(calculated). 


(Jnoxldlfled  Nitrogen 


» 


I 


F^ee 
NH,. 


Albd. 
NH,. 


Total. 


Oxidiaed  |  Oxidised 
Nitrogen     Nitrogen 

as 


Nltratoi. 


Nitmtea. 


1  iWbau  mtaad 
M  '  After  6  bomra 


ft 


i»  J      »    48      „ 

t  Wben  mixed 
M  After  12  boon 

»'     .f    88     , 

I 

H  .     f.  628 


» 


2-6 

2-6 

51 

1*0 

0*62 

2-« 

2-5 

6-1 

1-6 

0-M 

0-7 

4-0 

4-7 

1-6 

U-94 

1-2 

2-6 

8-7 

2-S 

1*44 

1-4 

1-1 

2-5 

0-8 

0-6(» 

1-0 

0-7 

1-7 

2-9 

1-81 

1-2 

1-1 

2-» 

1-4 

0*88 

10 

o-o 

1-0 

1*0 

119 

1-6 

1-0 

2-5 

1-0 

0-02 

21 

Traces. 

2-1 

1-6 

0-M 

ToUl 
Nitrugen. 


5.71 
0-04 
5*64 
514 
8-00 
8*51 
»-18 
309 
3-U 
:5-04 


The  table  brings  out  some  curious  features,  which 
we  scarcely  like  to  discuss,  as  the  body  of  evidence  is 
not  sufficient,  we  think,  to  warrant  us  in  expressing 
any  very  definite  conclusions.  As  a  provisional  criti- 
cism,  we  may  offer  the  following  remarks.  The  figures 
corresponding  with  the  total  nitrogen  are  sufficiently 
uniform  to  give  us  some  confidence  in  the  others. 

As  regards  these,  it  would  appear  that,  in  the  earlier 
stages  of  the  fermentative  process,  interchanges  oc- 
curred between  the  free  and  albuminoid  ammonia. 
Thus,  in  both  series  of  experiments,  free  ammonia  dis- 
appeared at  the  commencement,  and  afterwards  in- 
creased. Very  possibly  the  mixture  here  functioned  at 
first  as  a  Pasteur's  solution,  the  micro-organisms  ab- 
BorbiuK  free  ammonia  for  tissue  formation. 

In  the  first  series  of  experiments,  there  is  a  fairly 
steady  decrease  in  unoxidised  nitrogen,  and  a  decided, 
though  not  so  steady,  increase  in  nitrates. 

In  the  second  series,  the  quantities  involved  are  much 
smaller,  and  the  changes  apparently  much  slower  and 
more  difficult  to  trace  in  anv  definite  direction. 

Experiments   in  Open  Vessels. 

The  time  at  our  disposal  has  only  been  sufficient  to 
perform  one  series  of  experiments  under  fully  aerobic 
conditions,  the  results  of  which  are  given  below. 

For  reasons  already  mentioned  a  table  is  appended 
of  the  number  of  c.c.  of  weak  ammonia  solution  actu- 
ally employed  in  Nesslerizing  during  the  determina- 
tions of  nitrogen  as  ammonia,  albuminoid  ammonia, 
and  nitrates. 

The  sewage  used  was  (as  its  examination  showed) 
very  dilute,  and  this  possibly  accounts  for  the  slow 
rate  of  change  which  its  nitrogenous  constituents  ex- 
perienced when  mixed  with  sea-water. 

As  in  the  case  of  the  experiments  in  closed  vessels. 
some  free  ammonia  would  seem  to  have  disappeared 
during  the  first  stages  of  the  fermentation,  but  after- 
wards the  amount  increased.  Nitrification  seems  to 
have  set  in  after  about  a  fortnight. 

Sea-Water  and  1  per  Cent.  Sewajjk  in  Open 

Vessels  at  21"  C. 
(Quantities  in  jmrts  ]yev  100,000.) 


Time. 


Uiioxidized 
Nitrogen 


Oxidized 
vitrogen 


Free 
NH,. 


6\U**'  Total.iNltrites' Nitrates 


Totol 

Nitn»- 

ffen. 


Oxygen 

ab- 
sorbed. 
(KMii0« 

test 
at  80°  F.) 


Original  Mixture  -    -oiri  -0146 

After  24  hr«.  (1  day);  -( (07-2  0132 

„    92  „  (4  days)  -0144  0132 

„  164   „  (7    „    >;  0199  -0082 

„  280   ,,(11    „    )    0164  0132 

„  428  „(18    „    )    MIOS  0176 

„  644   ,,(27    „    )   -Oieo  -0160 
„     8  months    -  -o224 

T       ..  -'  -OSSSi  I  0164 


I 


n 


11 


-««8^ 


•0258 

N«ine 

1 

-0204 

•» 

•005 

•0276 

•• 

•iNI6 

•0281 

»• 

■006 

•0296 

». 

•owi 

0344 

»» 

-010 

•0322 

n 

•012 

— 

Some 

•004 

•0493 

n 

•07(> 

— 

•oi«> 

•oso 

•0254 
•0329 
•0841 
•0866 
0444 
•044"i 

•IIJW 


•0780 
•0823 
•0812 

•IKTIW 
•07(52 
•1137 


The  number  of  cubic  centimetres  of  Standard  Ammonia, 
solution  (I  C.C.— O'Ol  m^.  NH,)  actually  required  in 
the  different  determinations  for : 


500 
4 

126  0.0.  of 
-  Mixture. 

200  c.e.  of 
Mixture. 

125e.e.ofMixtaKi 
(calculated). 

Time. 

Unoxidised  Nitrogen 

as 

Oxidised 
Nitrogen 

as 
Nitrates. 

Oxidised    Total 
Nitrogen  ,  jj,^^ 

Nitrates.  1  gen. 
1 

Free 
NHs. 

Albd. 
NH,. 

Total. 

Original  mixture  •    • 

1-7 

2-2 

3-9 

_ 

^^                      ^_ 

After  24  hoarsOL  day) 

11 

2-0 

81 

1-2 

0-76          886 

„    92    „    (4days) 

2-1 

2-0 

4-1 

1-2 

0-76 

4-86 

»  1«     «    (7   „    ) 

8-0 

1-2    ;    4*2 

1*6 

0-94 

614 

,,260     „  (11   „    ) 

2*6 

2-0 

4'S 

1-6 

0*94 

6-44 

„  428     „  (18   „    ) 

2-6 

2-7 

6*2 

2-4 

1*60 

6-70 

,,644     „  (27   „    ) 

2-4 

2-4 

4-8 

8-0 

1-88 

6-6li 

„     8  months  •    • 

8-4 

— 

— 

16*6 

9-70 

— 

»f      7       „       -    - 

60 

2-5 

7-5 

17-0 

io-e2 

18-12 

«    11        .,       -    - 

4-4 

— 

— 

20-0 

12-50 

— 

At  the  end  of  twenty-seven  days  the  par  containing 
the  mixture  was  left  at  ordinary  atmospheric  tempera- 
tures, and  no  longer  maintained  at  21^  C.  The  mix- 
ture then  contained  no  nitrites,  but  the  nitrates  had 
increased  in  amount. 

It  was  not  again  examined  until  an  interval  of  about 
two  months  had  elapsed  (Le.  three  months  since  the 
commencement  of  the  expieriment),  when  the  nitrates 
were  found  to  have  increased  very  considerably,  and 
a  small  quantity  of  nitrite  had  also  been  produced. 
The  mixture  was  once  more  examined  at  the  end  of 
seven  months,  and  finally  at  the  end  of  eleven  months. 

The  results  of  this  series  of  experiments  are,  in  one* 
way,  very  puzzling,   as  the  amount  of  total  nitrosen 
was  found  to  increase  as  the  experiment  progressed  to- 
an   extent   which   cannot   by  accounted    for  by   mere- 
errors  of  experiment. 

At  first  we  thought  that  this  inccease  might  be  ac- 
counted for  by  the  following  two  causes :  first,  the 
room  in  which  the  mixture  of  sewage  and  sea-water- 
was  kept,  adjoined  a  laboratory  in  ti^ich  students  were- 
at  work,  and  where  at  times  a  good  deal. of  ammonia  was 
present  in  the  air  ;  and,  secondly,  during  the  long 
period  over  which  the  expenimenl.  extended,  some 
evaporation  of  the  mixture  of  sewage  and  sea-water 
must  have  occurred  (although  the  jar  containing  it 
tiras  covered). 

But,  oi),  the  other  hand,  the  increase  in  nitrogen  con- 
tinued after  the  vessel  containing  the  mixture  had 
been  removed  to  a  room  specially  Deserved  for  water- 
analysis  where  no  fsee  ammonia  could  be  present  in 
the  air  (beyond  the  amount  normally  found  in  it),  to 
such  an  extent  as  cannot  be  accounted  for  by  the- 
second  cause  mentioned.  As  this  investigation  is  of  a 
preliminary  character,  further  discussion  of  the  matter 
may  be  defeired  until  more  ex^wrimental  data  are 
available.  Meanwhile  it  seems  obvious  from  our  experi- 
ments that  the  nitrifying  organism  can  grow  in  sea- 
water,  and  that  the  changes  which  occur  when  putres- 
cible  substances  are  in  contact  with  the  latter  are 
probably  of  the  same  nature  as  with  fresh  water. 

The  fact,  however,  that  such  a  large  propoition  of 
free  ammonia  remained  unnitrified  after  so  long  a 
period  as  eleven  months  is  remarkable. 


FUBTHER  EXPiSRIMIENTS  ON  THE  NATURE: 
AND  SiPEEI^  0¥  THE  OEmMIOAL  CHANGES 
WHICH  OCOUB  IN  MTXTUHEaH  OF  SEWAGE 
AND  SEA  WATER. 

Some  of  the  bottles  from  this  experiment  had  re- 
mained stoppered  and  half  full  of  the  mixture  for  21 
months.  In  addition  to  clear  liquid  they  contained  ai 
white  flocky  sediment.  The  contents  of  two  of  these 
were  mixed,  shaken,  and  determinations  made  of  free 
and  albizminoid  ammonia,  nitrates  and'  nitrites,  with 
the  following  results:  — 


Parts  per  100,000  of  Nitrogen  as— 


j<ea  Water  +  1  y  Sewage. 

Ori)d»al  Mlxtnre  .  -  • 
After  'H  days  (in  ftdl  bottles) 
A/tf  r  *J1  months  (Aerobic) 


Ammonia. 
Free.  !  Albd. 


0-6002 
0-0188 
0-0069 


Nitrate. 


Nitrite. 


Total. 


0-0072  0-0083 
traces  <  0-0082 
0-0188  notrsce 


0 
0 
0 


0-OlOT 
0-0200 
0*0192 


MINUTES  OF  EVIDENCE. 
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The  original  nitrate  had  entirely  disaj^eared,  the 
free  ammonia  had  decreased,  but  the  albuminoid 
ammonia  had  nearly  doubled  in  amount. 

EXPEBIMENTS    IN    Op£N     YeSSELS. 

As  the  single  series  of  experiments  recorded  in  the 
pa^r  had  given  such  remarkable  results,  two  other 
series  are  in  progress,  but  under  such  conditions  that  no 
dust  can  make  its  way  into  the  vessels,  nor  can 
evaporation  occur. 

In  these  new  experiments  pure  sea-water  from  the 
Irish  Channel  (obtained  midway  between  Belfast  and 
the  Isle  of  Man  through  the  kindness  of  D.  C.  Kemp, 


Esq.,  of  the  Barrow  Steam  Navigation  Company)  has    Pr^fettor 
been  mixed  with  1  per  cent,  sewage  in  one  series,  and  ^'g^'iS^* 

with  1  per  cent,  effluent  from  the  experimental  bac-     '  2 ' 

teria  beds  at  Belfast  in  the  other  series  of  experiments.  7  Siajr  i90i. 
Neither  sewage  nor  effluent  was  filtered.  The  mixtures 
were  made  in  a  large  glass  jar  and  syphoned  into  Win- 
chester quart  bottles,  each  of  which  was  only  half  filled. 
The  bottles  were  then  stoppered  and  placed  on  their 
sides,  pieces  of  sheet  indiarubber  having  been  pre- 
viously tied  over  the  stopper  to  keep  them  in  position 
and  to  exclude  dust.  The  results  of  the  different  deter- 
minations up  to  the  present  time  are  given  in  the  fol- 
lowing table :  — 


Mixtures  of  Sea  Water  with  1  per  cent.  Sewage  and  1  per  cent.  Effluent. 
Experiments  at  Ordinary  Temperatures  in  Stoppered,  Half-filled  Bottles  ;  Quantities  in  parts  per  100,000. 


Sewage  Mixture. 

Effluent  Mixture. 

Time. 

Nitrogen  as — 

Nitrogen  as — 

Ammonia. 

Nitrite. 

Nitrate. 

Total. 

Ammtmia. 

Nitrite. 

Nitrate. 

Total. 

Free. 

Albd. 

Free. 

Albd. 

1.  When  mixed  (Dec.  1900) 

0-0263 

0-0148 

0-0 

0-0061 

0-0462 

0  0158 

0  0092 

0-0 

0-0165 

0  0415 

2.  After  24  hours  (Dec.  21, 1900) 

0-0214 

0-0231 

0-0 

— 

0-0165 

0-0115 

0-0 

— 

3.      „       6  days  (Dec.  26, 1900) 

0-0247 

0-0181 

0  0 

0  0064 

0-0482 

0-0148 

0  0099 

0-0 

0-0134 

0-0381 

4.      „     22    „     (Jan.   11,  1901) 

00313 

0*0148 

00  { 

0-0074? 
0-0033? 

0-0535  ? 
0-0494? 

J0K)181 

0-0082 

00  { 

0-0072? 
0-0031? 

0-0335? 
0KJ294? 

A      „     35    „     (Jan.  24,  1901) 

0  0346 

0-0123 

0-0 

00020 

0-0489 

0-0198 

0-0082 

0-0 

0-0092 

0-0372 

«.      „     68    „      (Feb.  26,  1901) 

0-0370 

0-0133 

0-0 

0-0016 

00509 

0-0181 

0-0076 

0-0 

0-0062 

0-0319 

T.      „     97    „     (Mar.  27,  1901) 

0-0380 

00123 

0-0 

0-0026 

0-0528 

0-0190 

0-0066 

0-0 

0-0092 

0-0348 

The  Sewage  Mixtube. 

As  in  the  first  series  of  experiments  the  free  ammonia 
decreased  soon  after  the  mixture  was  made,  and  the 
albuminoid  ammonia  increased,  but  after  six  days  the 
free  ammonia  had  risen,  and  has  continued  to  rise 
up  to  the  time  of  the  last  determinations.  In  the 
same  period  the  albuminoid  ammonia  has  decreased, 
but  not  regularly.  It  increased  at  first  (as  already 
said),  then  decreased,  but  has  remained  stationary  for 
two  months.  The  nitrate  has  fluctuated,  but  on  the 
whole  decreased  during  the  first  two  months,  while  a 
slight  increase  has  occurred  during  the  third  month. 
So  far  there  has  been  a  slight  but  continuous  increase  in 
tke  total  nitrogen  as  measured  by  the  sum  of  the  free 
and  albuminoid  ammonia  and  the  nitrate,  this  result 
agreeing  with  that  of  the  first  series  of  experiments, 
though  it  is  not  so  marked. 

The  Effluent  Mixtueb. 

The  free  ammonia,  after  decreasing  during  the  first 
six  days,  increased  from  then  to  the  thirty-fifth  day. 
It  had  again  decreased  by  the  sixty-eighth  day,  but  was 
once  more  on  the  increase  when  last  determined. 

^  The  albuminoid  ammonia,  which  increased  from  the 
time  the  mixture  was  made  until  the  sixth  day,  has 
steadily  decreased  since  then. 

The  nitrates  decreased  on  the  whole  during  the  first 
two  months,  but  have  increased  considerably  in  the 
third  month. 

In  this  series  of  experiments  there  is  an  apparent 
loss  of  nitrogen  (as  measured  by  the  factors  already 
mentioned),  which  is  interesting  in  view  of  the  fact  that 
in  bacteria  beds  free  nitrogen  is  undoubtedly  evolved 
from  the  sewage. 

cjoncltjbionb  fboh  the  experiments  on  mixtures  of 

Sewage  and  Sea- Water. 

(1)  Under  no  circumstances  is  a  nuisance  likely  to 
arise  from  sea-water  contaminated  with  sewage  up  to 
1  per  cent. 

(2)  In  such  a  mixture  a  rapid  action  occurs  between 
the  dissolved  oxygen  of  the  sea- water  and  the  con- 
stituents of  the  sewage,  whereby  part  of  the  carbon 
of  the  latter  is  evolved  as  carbonic  anhydride,  and, 
broadly  speaking,  this  latter  is  equivalent  in  amounc 
to  that  of  the  dissolved  oxygen  disappearing. 

(3)  In  mixtures  of  sea- water  and  1  per  cent,  sewage 
the  changes  occurring  in  the  nitrogenous  Gonstitueifts 
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of  the  sewage  as  measured  by  the  free  and  albuminoid 
ammonia  and  the  nitrates  are  very  slow.  In  no  case 
has  the  whole  of  the  free  ammonia  nitrified  even  after 
the  lapse  of  an  interval  of  21  months,  on  the  contrary 
complete  denitriUcation  had  then  occurred. 

The  fluctuations  in  the  amounts  of  free  ammonia, 
albuminoid  ammonia,  and  nitrates  are  very  possibly 
due  to  the  growth  of  lower  forms  of  plant  and  animal 
life,  in  addition  to  bacteria. 

6675.  (Mr,  Poioer,)  I  should  like  to  know  as  to  the 
proportions  of  sewage  and'  Lough  water  where  this  sea- 
weed grows  most  luxurianitly.  lA,  would  vary,  of 
course,  with  high  and  low  water,  but  can  you  give  us 
roughly  what  the  percemfaage  of  sewage  and  seaiwater 
wais  7 — ^I  am  afraid  I  cannot ;  I  can  ascertain,  I  think, 
for  you.  I  should  have  to  oonBult  the  Harbour  En- 
gineer as  to  the  actual  volume  of  sea  water  entening 
a  certadn  secrfuon  of  the  Lough  with  the  flood  tide, 
and  then  I  should  have  to  ascertain  what  would  be  the 
amount  of  sewage  which  flows  from  the  outfall. 

G676.  Which  flows  during  all  states  of  the  tide,  1 
suppose? — No,  with  the  eWb  tide  only. 

8577.  Ebb  tide  only  ?— Yee. 

8578.  Then  it  is  brought  back,  you  consider,  with  the 
flood? — 8o  the  Harbour  Engineer  says  from  float 
experiments.  He  gives  a  diagram.  That  diagram  of 
mdne  is  a  copy  of  his.  I  mean  to  say  with  regard  to 
the  direction  of  the  sewage  currents,  if  you  look  at  the 
diagram  at  the  end  of  the  paper — ^the  diagram  of  Belfast 
Lough — ^you  will  see  that  the  currents  are  indi- 
cated by  arrows.  That  was  taken  from  a  chart  which 
the  Harbour  Engineer  made  as  the  result  of  float 
experiments.  His  float  experiments  show  that  the 
sewage  moves  in  the  direction  of  the  open  channel  on 
the  ebb  tide,  but  that  it  never  gets  very  much  past  a 
lighthouse  which  marks  the  entrance  to  the  channel, 
for  it  is  caught  then  by  the  flood  tide  and  oeaten 
backwards  in  a  bifurcating  stream,  a  portion  of  the 
sewage  being  distrilbuted  ai-ng  the  southern  shore,  and 
a  portion  along  the  northern  shore. 

6579.  Has  any  observation  been  made  as  to  the  ex- 
tent over  the  bottom  of  the  Loug^  to  which  this  weed 
extends.  Does  it  grows  at  all  depths  do  you  know? 
I  think,  Sir,  it  is  entirely  a  weed  which  is  found  on 
the  shore  between  the  tide  marks. 

8580.  It  is  wadied  up  at  those  points,  but  do  you 
think  that  it  does  not  extend  further  to  the  north- 
east?    It  would  be   growing  over   the  bottom  of   the 
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Pwf^u&r   lough  far  out^  would  it  not? — ^I  do  not  think  any  of  it 
B.  1.  LeAUy  grows  on  the  bottom  of  the  Lough. 

—  8S8QL.  You  do  not  think  it  does ;  it  grows  only  on  the 

"  ^I^Lif^*  foreshore  ? — It  is  only  on  the  foreshore.  It  is  a  weed 
which  is  confined,  I  think — virtually  confined  at  all 
eTeKits--to  localities  which  are  uncorered  at  low  water. 

8582.  Indeed? — Yirtually;  occasionally  you  may  find 
perhaps  a  patch  which  is  just  a  little  bit  deeper  down 
than  that,  but  I  do  not  think  any  of  it  grows  in  deep 
water. 

6683.  (Mr.  XillicX;.)  Does  it  generally  grow  in  eatu- 
aries,  polluted  by  sewage? — QRiAt  is  juat  the  point 
wbich  I  am  very  anxious  to  find  out.  I  think  certain 
oonditdona  are  necessary.  That  is  aa  regards  the 
nature  of  the  shore,  alob  or  sand ;  certain  tidal  condi- 
tions. I  do  not  think  it  growa  where  there  is  a  strong 
tide,  but  I  am  particularly  anxious  to  collect  evidence 
upon  that  point. 

6564.  Do  Tou  know  any  other  places  besides  Belfast 
and  Dublin?— When  I  waa  at  we  British  Association, 
as  I  mentioned  just  now,  there  waa  a  gentleman  from 
Cardiff,  I  think  he  was  Professor  Trow,  who  told  me 
that  they  suffered  in  the  same  way  from  a  nuisance 
there  from  the  seaweed,  but  beqrond  that  I  do  not  know. 
But  the  nuisance  in  Belfast  is  simply  appall'.ng. 

6565.  (Professor  Bamsay.)  Propionic  acid  has  no  very 
disagreeable  amell  has  it?--No,  propionic  acid  is  not 
disagreeable.  I  think  it  is  the  butyric  acid  whi<^ 
smellii. 


6585.  Yes,  thait  h«s  the  smell  of  rancid  buttor 
That  has  the  smell  of  rancid  butter ;  I  do  not  know 
if  you  can  differentiate  the  constituents  of  the  smell  in 
the  bottle,  but  you  will  find  the  exact  smell  there. 

8687.  (Major-General  Carey.)  Are  there  any  sluggish 
currents  in  Belfast  Lough  ? — Yes,  sir. 

6588.  Because  the  sewage  apparently  only  gets  out 
about  two  miles  when  it  is  returned  again? — Yes,  the 
currents  aire  very  sluggLsh  there — ^they  are  lees  I  think 
than  a  mile  an  hour. 

8689.  (Professor  Bamsay.)  I  think  there  is  a  natural 
negative  experiment  which  is  made  in  a  louch  which  is 
quite  near  to  Belfast  Lough?— Yes ;  8trangford  Lough. 

6590.  Straingford  Lou^h?— Yes,  thei«  jon  have  a 
lough  just  about  of  the  same  area,  and  which  has  very 
much  the  same  surface  exposed  at  low  water ;  1  mean 
large  slablands  exposed  in  the  upper  reaches  of  the 
lough.  The  chief  difference  between  Strangford  Lough 
and  Belfast  Louah  is  that  there  is  no  large  town  near 
it.  In  that  lough  you  practically  find  none  of  this  sea- 
weed. I  regard  that  as  rather  strong  evidence,  show^ 
ing  that  the  presence  of  the  seaweed  in  a  particular 
locality  in  quantitv— I  do  not  go  quite  so  far  as  Hartley, 
but  in  quantity — is  clear  evidence  of  sewage  pollution. 

8591.  Is  it  possitble  to  utilise  the  seaweed  in  any 
way?  It  is  very  nitrogenous;  one  would  imagine  it 
would  serve  as  a  manure?— It  serves  as  an  excellent 
manure  and  espeoially  as  a  top  dreeeing  for  grass. 
The  Belfast  farmers  have  discovered  that.  The  North 
of  Ireland  people  are  very  shrewd  people,  they  have 
discovered  that,  and  cart  away  very  large  quantities, 
and  put  it  chiefly  on  grass ;  they  also  use  it  for  other 
crops. 

8592.  Does  it  make  a  nuisance  when  it  is  spread 
over  the  ground  ?— No,  the  nuisance  only  arises  when  it 
is  kept  constantly  submerged  in  water. 

8593.  (Mr.  Killi4Jc.)  Have  vou  never  made  enquiries 
about  either  the  Mersey  or  the  Dee,  where  there  are 
such  large  sloblands  left  uncovered  ?— No ;  but  I  think 
the  currents  there  are  very  strong,  are  they  not? 

8594.  In  parts  of  the  Dee,  not  the  Cheshire  side  of 
the  Dee?— No,  I  have  not  had  the  opportunity  of 
making  inquiries  in  England  as  yet. 

8595.  (Professor  Bamsay.)  Then  I  suppose  it  would)  be 
possible  to  take  weed  off  the  shore,  and  stack  it  or 
spread  it  without  making  a  nuisance,  and  then  sube- 
quently  use  it  for  manure  ?— Well,  I  think  that  might 
be  possible,  but  it  would  involve  an  enormous  amount 
of  cartage. 

8596.  (Mr.  Power.)  Oould  it  be  burned  on  the  spot, 
and  the  ashes  used  for  oommeroial  purposes  in  any 
wqiy?--.I  do  not  know  for  what  comnneroial  purposes. 
I  have  not  determined  the  quantity  of  iodine,  but  1 
think  it  will 

6697.  (Professor  Bamsay,)  It  is  pretty  sure  to  be  low. 


Does  it  dry  easily  when  it  is  epread  on  the  ground  f — 
Yes,  fairly  easily. 

8596.  (Mr.  Power.)  But  it  remains  offensive  when 
passed  above  high  water,  although  it  is  not  wetted 
again,  did  I  undenstand  you? — No. 

6599.  It  does  require  to  be  constantly  weltted  with 
sea  water  do  you  think? — It  does  require  to  be  con- 
stantly wetted  to  became  a  nuisance,  more  or  less  con- 
stantly; I  mean  to  say  if  it  is  deposited  between  the 
tide  marks  which  is  reslly  what  occurs,  then  it  retains  a 
very  large  quantity  of  water  itself.  It  gets  wetted  with 
each  incoming  tdde,  and  then  becomes  a  aeiiooa 
nuisance. 

6600.  That  which  ia  Above  on  the  edge  of  the  lunit 
of  spring  tide  very  quickly  ceases  to  be  offenaive  dc 
you  think? — Yes. 

8601.  As  compared  with  the  other? — ^Yes,  the 
moment  it  gets  dry.  It  depends  largely  on  the  thick- 
ness of  the  deposits ;  the  very  thick  deposit  mkjht  re- 
main, as  might  be  expected,  very  wet  at  the  bottom 
for  a  long  period,  and  then  it  omells  bad  but  if  it 
gets  distributed  to  a  good  height  on  the  bank  and  in  a 
thin  layer  it  soon  dries,  and  then  it  ceases  to  be  offen- 
sive. 

8602.  (Professor  Bamisay.)  Do  you  think  that  it 
purifies  at  all.  Is  i^  a  purifying  agent  ^— That  is  just 
the  very  point  which  I  am  going  to  try  a  praotioal  ex- 
periment on.  Of  course  Hhe  whole  question  of  the 
sewsge  disposal  of  Belfast,  in  the  light  of  this  point 
about  the  weed^  is  a  matter  of  great  importance,  and 
the  city  authorities  have  entrusted  myself  and  my  col- 
league (Dr.  Lorrain  Smith,  the  bacteriologist)  with  the 
investigation  of  the  scheme  which  thev  propose.  The 
scheme  which  ihey  propose  is  meirely  the  ordinary 
DiJbdin  bacterial  beds,  and  the  question  is  what  will  be 
the  effect,  so  far  as  the  growth  of  this  weed  is  ooiioeme<l 
Well,  this  seaweed,  from  experiments  I  have  made»  can 
only  absorb  nitrogen  from  a  polluted  water  in  the  form 
either  of  ammonia  or  nitrate,  so  the  question  is  whethex 
the  treatment  by  the  Dibdin  beds  will  eventually  free 
the  Lough  from  this  seaweed.  Now  I  think  it  will,  for 
this  reason,  that  the  actual  amount  of  nitrogen  which 
disappears  in  the  treatment  is  so  very  large.  We  all 
know  that  it  amounts  to  something — ^I  am  just  speak- 
ing roughly,  but  I  think  some  60  or  70  per  cent.  1'he 
amount  of  nitrogen,  which  disappears  in  the  Dibdin 
beds  is  only  a  fraction  of  tiiat  which  reappears  in  the 
form  oil  nitrate,  so  that  I  hope  that  by  this  actual  re- 
dilution  which  occurs  in  the  treatment  of  the  sewage, 
the  seaweed  will  no  longer  find  itself  under  such 
nutritive  conditions,  if  I  may  use  the  expression, 
as  formerly,  and  eventual Iv  will  die  out.  For  there 
is  no  question  at  all  that  the  amount  of  the  weed  has 
steadily  increased  as  .the  town  has  grown,  and  also  it 
has  lincreased  since  the  new  scheme  was  introduced 
in  Belfast  for  disposing  of  the  sewage  by  thrcywin^ 
it  right  out  into  the  Uough.  If  you  look  at  the  chart 
you  will  find  that  now  the  culvert  empties  its  contents 
a  mile— Ijt  miles,  I  think  it  is,  from  the  outfall,  or, 
rather,  from  the  last  pumping  station.  The  sewage 
runs  through  this  long  culvert,  and  is  discharged  riffht 
out  into  the  Lough.  Formerly  the  sewage  of  tue  Oity 
was  discharged  directly  into  the  River  Lagan,  and  that 
river  acted  as  a  settling  tank,  but  now  the  sewage  passes 
bodily  into  the  Lough.  The  quantity  of  seawe^  has 
certainly  very  much  increased  since  these  changes  have 
been  made,  so  that  I  am  in  hopes  that  by  removing  the 
greater  part  of  the  nitrogen  there  will  be  less  am- 
monia, very  much  less  ammonia  in  the  effluent,  and 
that  the  weed  will  no  longer  find  suitable  conditions 
for  its  growth. 

8603.  Are  there  any  nitrates  in  the  sea  water 
already? — ^A  very  minute  trace  indeed. 

8604.  And  free  ammonia? — Free  ammonia  is  very 
small ;  I  have  got  some  figures  here  bearing  upon  that 
point.  In  two  samples  of  sea  water  that  I  have 
analysed  the  free  ammonia  was  the  same  in  both, 
*0013  parts  per  100,000,  nitrate  '0017. 

8605.  (Mr.  Power,)  What  we  regard  as  a  good 
effluent  contains  a  considerable  amount  of  nitrate, 
therefore  I  am  afraid  if  the  bacteriological  process 
you  speak  of  were  effeoted,  it  would  only  give  addi- 
tional nourishment  to  the  weed,  would  it  not? — Well,  I 
have  been  investigating  the  experimental  filter  Beds  at 
Belfast,  and  there  is  practically  no  nitrate  in  the 
effluent  at  all. 

8606.  (Professor  Bam$ay.)  From  the  Dibdin  beds  ? — 
From  the  Dibdins ;  there  is  a  great  disappearance  of 
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free  ammonia,  and  practically  there  is  no  nitrate 
produced  at  all.  I  have  been  investigating  the  cause 
of  that. 

8607.  (Mr,  Pov>er,)  Double  contact  beds,  are  they?— 
Double  contact  beds. 

8608.  (Professor  Bamsay.)  What  is  the  strength  of 
the  sewage  ?— Well,  I  think  it  is  about—I  have  not 
Averaged  up  yet,  but  about  four  parts  per  100,000. 

8609.  The  total  nitrogen  ?— The  total  nitrogen  about 
iour ;  it  is  not  very  strong  sewage. 

8610.  This  is  rather  new,  is  it  not,  to  the  Commis- 
sion? I  do  not  think  we  have  ever  heard  this  before, 
that  Dibdin  beds  cause  a  disappearance  of  nitrogen 
to  any  great  extent  without  producing  nitrates.  We 
know  that  the  nitrogen  does  disappear,  but  not  to 
any  very  great  extent  ?— That,  has  formed  the  subject 
of  my  enquiry  lattely  by  a  systematic  examination  of 
the  gases.  I  mean  the  dissolved  gases.  I  think  I 
have  been  able  to  trace  what  occurs.  My  work  has 
not  been  published  yet,  but  I  think  I  may  inform  tiie 
Commission  that  in  some  of  the  experiments  I  can 
account  for  20  per  cent.,  at  all  events,  of  the  total 
nitrogen  which  disappears  as  nitrogen  in  the  free  state. 

8611.  (Ctiairman,)  Of  what  nature  is  the  sewage 
which  goes  on  to  these  double  contact  beds?  Is  it 
domestic  sewage? — Screened  and  sett1(?d   sewage. 

8612.  But  is  it  domestic  sewage  or  trade  effluents  ?— * 
Oh,  there  is  very  little  trade  effluent  in  Belfast ;  1 
think  you  may  say  it  is  all  domestic. 

8613.  (Professor  Bamsay,)  There  are  several  Targe 
distilleries,  are  there  not? — There  are  several  large 
-distilleries,  and  one  of  them  some  time  ago  was 
threatened  by  an  action  by  ttie  Town  Council  because 
of  the  nuisance  they  caused  in  the  sewer.  It  so  hap- 
pened that  the  distillery  people  engaged  me  to  lo^ 
into  the  matter,  and  I  found  that  the  fermentation 
acids  acted  upon  the  ferroua  sulphide  in  the  sludge  of 
the  sewer,  and  certainly  gave  nse  to  a  frightful  nui- 
sance.  Then  the  question  arose,  who  was  re»ponsible7 
The  city  sewer  ooxvtBined  ferrous  sulphide  ana  the  dis- 
tillery refuse  contained  butyric  acid.  The  distillerv 
refuse  only  let  loose  the  nuisance,  so  to  speak.  How- 
ever, the  distillery  discovered  that  they  could  run  the 
whole  of  their  sewage  into  a  river,  the  Connswater 
Xliver,  and  so  straight  into  the  Lough,  and  I  am 
inclined  to  think  they  have  materially  contributed  to 
the  growth  of  this  weed  as  a  consequence. 

8614.  Where  does  it  enter  the  Lough  ;  could  you 
show  us? — I  could  not  show  it  to  you  on  the  plan. 
It  is  too  small  to  show,  but  I  could  indicate  its  posi- 
tion roughly. 

8615.  (Mr,  Power.)  Do  you  know  whether  the  sewage 
discharged  into  the  Lough  is  alkaline  in  its  reaction? 
-j-From  tRe  tests  I  have  made — I  have  been  examining 
it  through  the  winter — ^I  find  it  is  perfectly  neutral. 

8616.  (Mr.  KiUick.)  Are  there  any  wastes  from  the 
linen  factories? — Not  of  any  considerable  amount. 
Most  of  the  bleach  works  are  outside  the  town.  There 
is  very  little  bleaching  done  in  the  town  of  Belfast 
itself. 

8617.  Do  you  think  any  waste  linen_fibre,  flax  fibre, 
would  affect  the  sewage  at  all? — I  think  it  would  if 
it  were  in  quantity ;  I  do  not  think  it  is  in  quantity 
there. 

8618.  There  seems  to  be  a  difference  between  the 
cotton  districts  and  the  woollen  districts  in  England. 
Possibly  sewage  from  the  flax  districts  in  Ireland 
differ  ? — ^I  have  not  gone  into  that  point  with  sufficient 
care,  but  I  thought  that  in  the  woollen  industry  it  was 
suint  which  was  the  great  trouble,  the  fat  in  the  wool 
itself,  and  not  the  fibre. 

8619.  Fibre  appears  to  affect  the  contact  beds  to  some 
extent? — So  I  believe,  but  I  do  not  tblnk  that  in  the 
linen  processes — that  is,  the  spinning  and  the  weaving 
— tiiat  any  fibre  makes  its  way  into  the  sewer,  because, 
you  see,  they  are  dry  processes  more  or  less  ;  they  do 
not  involve  ^e  use  of  liquids  which  pass  into  the  sewer 
afterwards.  It  is  only  the  bleaching,  and  that  is  done 
ohiefly  out  of  town. 

8600.  (^Professor  Bamsay,)  Is  the  water  which  Belfast 
is  supplied  with  a  very  soft  water  ^-A  fairly  soft;,  peaty 
water.  It  containa  a  very  high  proportion  of  albu- 
minoid ammonia. 

8621.  Bo  you  think  it  might  account  for  the 
absence  of  nitrate  in  the  Dibdin  effluent,  that  there 
is  very  little  alkali  in  the  water?— I  am  more  inclined 
to  believe  that  it  is  caused  by  the  salinity  of  the  water. 
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There  is  no   doubt   about   it»    that   a   large   amount    Proj^mor 
of  common  salt  makes  its  way  into  the  sewage  system   ^-  ^-  ^^^ 
of  Belfast.     I  have  n.>t   as  vel   traced   the  sources,  '*•"' ^'^' 


but  the  quantities  are  exceedingly  large.  They  have  7  May 
varied  very  much,  bur.  quantities  like  these:— 75  — 
parts  per  100,000,  54  parts  per  100,000,  36  parte  per 

xUl/,UUU« 

8622.  Reckoned    as    salt  ?— -Reckoned  as    salt— no 
chlorine. 

8623.  Chlorine?— Chlorine. 

8624.  There  is  really  then  about  doable  that  amount 
of  salt?— That  is  really  about  double  that  amount  of 
salt,  and  from  experiments  which  I  have  made  on 
mixtures  of  sewsge  and  sea  water,  and  the  slowness  with 
which  nitrification  occurs  in  some  cases,  I  am  in- 
clined to  think  that  the  presence  of  chlorides  prevents 
the  formation  of  nitrates— -I  am  inclined  to  think  so. 

8625.  Then  your  idea,  taking  it  as  a  whole  as 
legards  the  purification  of  Belfast  Lough,  io  to  starve 
the  seaweed?— As  regards  the  purification  of  Belfast 
Lough  to  starve  the  seaweed,  that  is  one  idea ;  an- 
other idea  which  I  think  may  be  feasible  is  to  keep 
the  seaweed,  I  was  going  to  say  in  a  tame  condition- 
in  a  caged  condition ;  that  is  to  say,  to  have  it  in 
tanks,  and  treat  the  effluent  from  the  Dibdin  beds 
diluted  with  sea  water  in  contact  with  the  seaweed  for 
a  certain  period. 

8626.  Would  you  utilise  the  seaweed?— I  would 
utilise  the  seaweed. 

'^^'  J  mean  afterwards  as  a  manure  ?  -Jf  it  is  pos- 
sible. Of  course  you  would  have  to  get  rid  of  it  in 
some  way,  and  tJiat  would  bo  th^  simplest  wav  of  doing 
it ;  but  I  think,  from  the  extnioi-dinarv  rapidity  with 
which  this  seaweed  absorbs  ammoniaAit  absorbs  all 
the  ammonia  from  a  very  polluted  water  in  the  course 
of  some  17  hours,  a  highly  polluted  water— «o  that  I 
think  the  weed  might  be  utilised  for  purifying  the  efflu- 
ent itdelf  or  the  sewage  iteelf. 

8628.  Then  it  is  a  sort  of  inoculation  experiment. 
You  would  inoculate  the  lough  with  a  small  quantity  of 
seaweed  so  as  to  avoid  the  disease?— No  ;  I  would  pass 
the  sewage  through  a  tank  containing  the  weed,  always 
there  until  its  growth  became  too  extensive,  and  it  would 
be  necessary  to  clear  the  tank  out.  We  are  actually  try- 
ing at  the  works  now  an  experiment  of  that  kind. 

8629.  Is  there  any  other  locality  where  such  seaweed 
grows— for  instance,  in  Dublin  Bay?-^  think  it  might, 
except  that,  remember  in  the  case  of  Dublin,  where  the 
seaweed  occurs,  the  sewers  are  most  of  them  small  sewers 
(i.e.,  in  the  northern  part  of  Dublin  Bay),  and  they  dis- 
charge the  whole  way  down  to  dooterf  directly  on  to 
the  shore.  Of  course  they  are  going  to  refonn  that. 
Now  they  are  going  to  intercept  all  the  sewage,  and, 
indeed,  they  are  going  to  chemically  treat  it,  but  per- 
sonally I  think  that  is  a  great  mistake. 

8630.  Do  you  happen  to  know  about  the  sewage  of 
Cork?— No,  I  do  not. 

8631.  It  runs,  dtxs  it  not,  into  an  estuarv  in  very 
much  the  same  way  ?— I  am  not  sure  whether  it  runa 
immediately  into  the  estuary  or  into  the  River  Lee 
first. 

8632.  (C^a/rman.)  Do  you  know  of  any  cases  in  Eng- 
land at  al  Similar  to  Belfast  ?— As  I  have  said,  the  only 
case  which  I  know  of  at  all  is  the  one  which  I  think  was 
what  Professor  Trow  mentioned  to  me  at  Bradford.  I 
only  saw  him  for  a  few  minutes.  It  was  just  after  I 
read  the  paper,  and  as  I  was  going,  he  said  to  me  :  **  We 
are  suflfering  from  a  nuisance  at  Cardiff." 

8633.  Cardiff  ?— Yes,  caused  by  the  same  thing. 

8634.  And  do  they  have  this  seaweed  there  too? — 
Well,  that  is  just  what  I  want  to  find  out  I  under- 
stood from  what  he  said  that  it  was  the  case,  but  I  have 
not  had  time  to  communicate  with  him. 

8635.  And  that  is  the  only  instance  that  you  know  ? 

That  has  come  under  my  notice ;  though  there  was  a 
friend  of  mine  who  is  a  botanist,  and  he  showed  me 
some  letters  which  he  had  had  from  a  gentleman  at 
Portland. 

8636.  At  Portland  ?— At  Portland.  The  sewage  ran 
into — I  think  it  was  the  sewage  from  the  Convict  Prison 
— ^ran  into  a  sort  of  quarry,  and  the  quarry  was  filled 
OGcaaionally  with  sea  water,  and  there  this  weed  had 
made  its  appearance  in  quantity.  There  can  be  no 
question  at  all  about  the  extraordinary  nuisance  which 
is  occasioned  in  Belfast  Lough  by  this  seaweed. 

8637.  (Professor  Bamsay,)  Have  you  heard  of  similar 
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Pfoftum  complaints  in  Dublin  ? — No.      The  area  is  so  very  much 

B,  A.  L«««,  less  which  is  affected  in  Dublin  ;  it  is  only  a  small  area 

p.sa^.D.  -j^  ^i^g  northern  part  of  the  harbour,  and  the  quantity 

7  M«7  idoi.  of  weed,  so  far  as  I  have  seen,  is  nothing  like  the  quan- 

tity  in  Belfast. 

8638.  (Mr.  Tower.)  There  is  a  very  small  depoeit 
north  of  Kingstown  Harbour.  Has  there  been  any 
complaint  of  that,  do  you  know? — I  do  not  know. 
There  is  a  sewage  tank  which  collects  all  the  sewage  of 
that  district,  and  discharges  its  contents  just 

8630.  Just  where  the  black  spot  is  ? — ^Yes. 

8640.  Raw  sewage  that  would  be,  of  course? — Baw 
sewage,  yes. 

8641.  (Professor  Bamsay.)  Is  the  seaweed  known 
elsewhere?  All  round  the  coast  of  England  a  great 
many  seaside  resorts  discharge  their  sewage  into  the 
sea.  Is  it  within  your  knowledge  that  this  seaweed 
has  been  discovered  in  the  sea  of  any  of  these  sea  ports  ? 
— I  have  found  it  down  at  Eastbourne — in  fact,  adher- 
ing to  a  pipe,  and  I  thought  it  was  the  outfall  ot  the  East- 
bourne sewers.  I  found  the  weed  there  in  fair  quan- 
tity and  also  on  the  rocks,  and  I  wrote  to  the  Borough 
Engineer,  and  I  said :  "  Is  sewage  discharged  from  that 
pipe?"  He  wrote  back  very  indignantly,  aud  said; 
*'  No,  it  was  not ;  it  was  a  discharge  from  some  baths.** 
But  I  think  some  sewage  makes  its  way  down  there. 

8642.  (Mr,  Cotton.)  There  is  just  one  question  I 
should  like  to  ask  Professor  Letts.  Is  there  not 
another  weed — ^perhaps  I  am  wrong  in  calling  it  sear 
weed — which  is  very  prevalent,  and  gives  rise  to  a  great 
nuisance?  That  is  the  Zostra  manna?— There  is  very 
little  now.  Formerly  there  used  to  be  a  very  great 
deal  of  the  Zostra  marina. 

6643.  I  rememiber  being  there  with  Mr.  Bawlinson, 
and  it  was  certainly  2ft.  deep,  and  you  could  smell  it 
a  very  great  deal  further  than  the  ulva  ? — Really  there  is 
still  a  very  little  of  it,  but  it  is  practically  extinct.  I 
was  talking  to  Mr.  R.  L.  Patterson — ^1  daresay  you 
know  him' — at  all  events  by  name  as  a  local  naturalist 
— ^and  he  said  it  struck  him  very  much  the  disappear- 
ance of  the  Zostra  marina  and  the  appearance  of  this 
weed  in  quantity.  There  is  no  question  that  with 
the  growth  and  extension  of  the  town,  and  the  disposal 
of  the  sewage  directly  into  the  ILough  instead  of  into  the 
river,  the  growth  of  this  weed  has  increased  enormously. 
In  fact,  a  gentleman  living  on  the  shores  of  the  Lough 
for  a  great  many  years  said  to  me :  ''  To  show  you  how 
much  it  has  increased,  in  former  years  when  I  wanted 
it  for  my  garden  as  a  manure,  I  used  to  have  some  diffi- 
culty in  getting  a  cartload.  Now  I  can  get  a  couple  of 
hundred."     So  that  it  has  increased  very  much. 

8644.  At  the  time  I  am  talking  of — it  is  a  good  many 
years  ago  now — the  weed  that  was  carted  in  by  the 
farmers  was  the  Zostra  marina?— They  do  not  use  any 
of  it  now.      None  comes  ashore. 

8645.  I  have  not  been  there  for  some  time  ? — ^I  live  on 
the  shore  myself,  aud  I  will  not  say  exactly  daily,  but 
perhaps  once  a  week,  I  take  a  walk  along  to  see  the  con- 
dition of  the  shore,  and  I  have  not  seen  a  fibre  of  it  since 
I  have  lived  there. 

8646.  (Professor  Bamsay.)  Then  your  idea  is  to  purify 
the  sewage  by  the  Dibdin  process  as  far  as  possible, 
and  then,  in  order  to  prevent  the  nuisance  occurring 
in  the  Lough,  to  let  the  sewage  through  a  tank  contain- 
ing this  weed.  The  green  weed  will  deprive  the  efflu- 
ent of  the  albuminoid  ammonia  and  free  ammonia  which 
it  contains  ?— Not  the  albuminoid  ammonia.  It  will 
not  look  at  it. 

8647.  The  albuminoid  ammonia  parses  on? — The 
albuminoid  ammonia  passes  on. 

8648.  It  would  deprive  the  weed  of  the  free  ammonia 
which  it  contains,  and  of  any  nitrates  which  it  may  hap- 
pen to  contain? — Yes. 

8649.  And  then  afterwards  the  effiuent  containing 
albuminoid  ammonia  would  go  out  into  the  lough,  and 
it  would  produce  no  particular  nuisance?— It  would 
produce  no  particular  nuisance.  The  special  experi- 
ments I  have  made  with  mixtures  of  sewage  and  sea 
water,  as  regards  the  chemical  changes  which  occur 
with  such  mixtures,  shows  that  the  albuminoid  ammonia 
disappears  very  very  slowly,  if  it  disappears  at  all,  after 
months  and  months ;  so  no  immediate  change  is  likely 
to  occur  for  weeks,  at  all  events,  whereby  free  ammonia 
would  be  liberated. 

8650.  Now  may  I  ask  one  or  two  chemical  questions  ? 
As  regards  your  methods  of  determining  what  is  gene- 
rally called  oxygen  absorbed :  at  page  340  of  the  Royal 


Dublin  Society's  Report  there  is  a  very  interesting  point 
which  is  mentioned,  viz.,  the  dissolved  oxygen  actually 
disappearing  after  six  hours,  24  hours,  and  48  hotirs. 
Certain  figtires  are  ^ven,  and  the  difference  is  between 
oxygen  absorbed  originally  and  after  treatment  ?— Not 
quite  after  those  periods. 

8651.  After  those  periods,  yes.  I  should  like  to  ask 
as  to  the  method  of  determining  this ;  was  it  done  at  a 
temperature  of  80^  Fahrenheit  7— Tes  ',  four  hmus  at 
80^  Fahrenheit. 

8652.  Four  hours  80^  Fahr3nheit  in  the  usual  way? 
—  les. 

8653.  Then  you  appear  to  draw  a  deduction  from  this, 
that  oxygen  is  removed  more  readily  by  bacteria  frooL 
the  water  than  it  is  by  permanganate  ? — Well,  certainly 
far  more  oxygen  is  absorbed  by  the  bacterial  action  thaot 
by  the  action  of  permanganate. 

8654.  So  that  bacterial  action  is  a  more  energetic 
oxidising  process  than  the  permanganate  action) — ^I 
thdnk  so.  I  think  you  could  clearly  say  so.  That  is 
the  greatest  feature  about  it  The  point  hAS  been  criti- 
cised by  someone  else.  He  said,  **  Well,  the  two  things 
are  not  comparable  at  all,  because  in  the  one  case  yon 
have  only  four  hours'  action,  and  in  the  other  you  have 
got  several  days."  I  do  not  know  whether  there  is 
anything  in  the  criticism. 

8655.  We  have  been  very  anxious  to  know  before, 
and  have  put  questions  to  experts  as  to   whether  the 
permanganate  estimates   anything  worth   estimating  f 
— I  am  inclined  to  think  not  myself. 

8656.  Is  the  estimation  by  permanganate  of  easily 
decomposable  nitrogenous  bodies  regarded  as  important,, 
in  your  opinion? — ^I  am  inclined  to  think  that  the  per> 
manganate  test  is  used  chiefly  because  it  is  so  easy* 
As  a  scientific  test  I  am  inclined  to  think  that  its  results 
are  often  misleading.  For  instance,  you  might  have  a 
considerable  quantity  of  sugar  and  your  permanganate 
would  not  discover  it  for  you  at  all ;  on  the  other  hand,, 
if  you  were  working  with  a  Leeds  sewage,  in  which  I 
have  heard  there  is  a  great  deal  of  ferrous  sulphate,, 
your  permanganate  itest  would  give  you  some  remark- 
able results,  I  take  it. 

8667.  Occasionally,  yes? — Occasionally. 

8656.  But  I  do  not  know  that  I  have  made  myself 
quite  clear.  The  permanganate  test  and  the  albumi- 
noid ammonia  test  should  ultimately  give  the  same 
results.  The  lalbuminoidi ,  ammonia  is  eeiimated  by- 
means  of  permanganate  ?— Yes. 

8659.  And  if  one  could  determine  the  loss  of  per- 
manganate in  the  retort  in  which  the  distillation  is 
made  one  ought  to  get  approximately  the  same  resulta 
as  by  Iftie  determination  of  albuminoid  ammonia  ? — ^Yes. 

8660.  Still,  the  albuminoid  ammonia,  las  a  matter 
of  fact,  consists  of  two  differeixt  classes  of  substances- 
one  class  which  goes  on  fermenting  and  forming  a 
nuisance  ultimately,  when  the  effluent  reaches  a  river„ 
the  other  class  which  is  comparatively  stable,  and  givea 
no  further  trouble,  owing  to  its  not  fermenting — at  all 
events,  which  does  not  give  rise  to  a  nuisance  after 
fermentation.  The  question  is— does  the  permanganate 
estimate  the  more  or  the  less  stable  of  these  albuminoid 
bodies  or  both?  Does  it  discriminate  between 
them  in  any  way?  In  comparing  this  permanganate 
test  with  the  oxygen  absorbed  test  would  you  be  in- 
clined to  think  that  the  oxygen  absorbed  by  perman- 
ganate discriminates  between  those  two  claesee  of 
albuminoid  bodies  I— It  is  rather  difficult  to  say,  I 
think.  If  you  look  at  these  results  on  page  337  yon 
will  see  the  disappearance  of  oxygen  is  out  of  all  pro- 
portion to  the  changes  which  occur  in  the  nitrogenous 
constituents. 

8661.  Yes? — Indeed,  it  indicates,  I  think,  what  my 
friend    Adeney   has     called    the     carbon-fermentation, 
which  is  the  first  phase  of  fermentation  in  a  putrifying 
liquid.     I  mean  a  putrefying  liquid,  containing  oxygen. 

8668.  Yes  ? — The  oxygen  seems  to  go  at  first  in  oxi- 
dising carbon,  and  not  in  touching  the  nitrogenous 
bodies. 

8663.  And  then  subsequently  in  oxidising  the  nitro- 
genous bodies? — Subsequently,  but  after  a  very  con- 
siderable interval,  I  think. 

8664.  And  in  the  case  of  permanganate,  would  yov 
make  any  distinction  of  the  same  kind  ?  Do  you  think 
the  instantaneous  permanganate  test  distinguishes 
the  more  rapidly  oxidisable-carbonaceous  bodies,  while 
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the  four-'lioars'  test  identifies  the  readily  oxidisable 
iJIbominoas  bodies  ? — ^I  oould  not  say  ;  I  should  not 
like  to  oomittit  myself.  ^ 

8666.  Tott  have  no  ofpinion  on  the  subjeot? — ^No,  I 
have  no  opinion  on  the  subject.  To  tell  you  the  truth, 
it  is  the  ftest  which,  «s  I  say,  I  have  rather  a  low  opinion 
of.  It  is  a  rough^nd-reaay  test,  and  when  it  is  applied 
to  the  same  thing  under  different  conditions  I  daresay 
it  gives  indications  which  are  useful.  For  instance,  in 
the  case  of  a  similar  series  of  effluents  or  a  similar  set  of 
sewages  where  you  are  working  under  the  same  condi- 
tions, I  think  that  you  get  some  useful  information, 
but  as  an  absolute  test  I  do  not  believe  in  it 

8666.  And  the  same  remarks  would  app9y  to  albumi- 
noid ammonia? — Albuminoid  ammonia  I  think  more 
highly  of  from  the  experiments  which  I  have  nade 


lately  with  (Belfast  sewage,  where  I  hare  compared  Pr^femor 
the  albuminoid  ammonia  with  the  organic  nitrogen.  I  ^'^'f^ 
am  rather  surprised  to  find  that  there  is  not  buoE  a  dis-  '  IL. '  ' 
crepancy  as  I  thought  there  would  be.  ^  ^^  ^^^ 

8667.  Have  you  determined  the  total  nitrogen  in  the 
samples  mentioned  on  i>age  337  in  that  table? — ^You 
mean  by  the  Kjeldahl  process  ? 

8668.  The  Kjeldahl?— No.  I  found  00  much  difficulty 
m  doing  it  owing  to  the  large  quantity  of  salt  in  the 
sea  water.  I  had  to  give  it  up.  It  spurted  all  over  the 
place,  and  there  wa«  eo  much  hydrochloric  acid  going 
off  I  was  afraid  of  loss  of  ammonium  chloride,  and  I  had 
to  give  it  up. 

8669.  Then  have  you  any  idea  how  to  determine  the 
total  nitrogen  in  sea  water  ?— Ko. 


Fbofbssob  Hxbbxak,  of  University  College,  Liverpool,  and  Honorary  Director  of  Scientific  Work  to  tlie 

Lancashire  and  Western  Sea  Fidkeries  Committee,  called  in ;  and  Examined. 


8670.  {Chairman.)  You  are  Professor  Herdman  from 
Liverpool  University? — ^Yes. 

8671.  And  you  have  had  some  experience  of  sewage 
and  sewage  effluents  going  into  tidal  waters? — Well, 
if  I  may  put  it  this  way  :  For  the  last  20  years  or  so  I 
have  been  studying  more  or  less  fi^h  and  shell-fish  in 
the  sea  and  in  estuaries,  and  every  now  and  then  one 
has  come  across  the  question  of  the  effect  upon  these  of 
sewage  effluents,  but  it  is  not  the  sewage  effluents  that 
I  have  been  directly  studying,  it  is  the  fish. 

8672.  Possibly  you  would  not  mind  giving  us  a 
general  statement  of  your  views  on  the  question? — 
Yes ;  well,  in  the  first  place  may  I  distinguish 
between  fish,  strictly  speaking,  and  shellfish.  That 
is  the  first  point  that  I  would  like  to  make  clear. 
By  fish  I  mean  pisces,  swimming  fish ;  by  shellfish  I 
mean  the  moUusca  and  the  Crustacea,  and  I  think  the 
effect  is,  in  some  respects,  veiy  different  upon  these 
two  sets  of  animals.  In  regard  to  shellfish  beds,  edible 
shellfish,  cockles,  mussels,  oysters,  and  so  on,  I  think 
that  sewage  pollution  is  wholly  bad,  and  ought  cer- 
tainly to  be  prevented  in  every  way.  In  regard  to  fish, 
fish  proper,  piscts,  it  is  not  at  all  such  an  easy  matter 
to  give  a  definite  opinion.  Different  fish  are  affected 
in  veiy  different  ways,  and  sewage,  I  think,  may  be 
said  to  act  in  several  different  ways  upon  the  fish. 
Marine  fish,  I  think,  are  probably  not  so  much  affected, 
not  so  susceptible  as  freshwater  fish.  Flat  fish  are 
not  so  susceptible  as  what  the  fishermen  call  round 
fish.  I  mean  fish  like  the  plaice,  the  flukes,  the  soles, 
and  so  on,  are  not  so  much  affected  as  fish  like 
cod  and  the  whiting  and  the  gurnard.  These  are  the 
round  fish,  that  last  set.  Then  again  mature  fish,  adult 
fish  are  not  so  susceptible  as  young  fish.  The  earlier 
stages  are  much  more  delicate  And  then  amongst  these 
different  kinds  of  fish  one  can  again  draw  distinctions, 
if  it  is  necessary.  Then  I  would  say  further  that  the 
sewage,  I  suppose  we  may  take  it,  we  will  all  recognise, 
acts  in  different  ways.  First  of  all  it  may  act  through 
its  pathogenic  organisms,  and  any  other  poisons  that  it 
may  contain.  Then  secondly  it  may  act  by  clogging 
up  the  gills  of  the  fish  and  preventing  respiration, 
affecting  the  vital  processes  of  the  fish  in  that  way. 
Well,  then,  these  are  both  direct  actions.  But  you  may 
also  have  indirect  action,  because  the  sewage  may  form 
deposits  which  will  prevent  the  growth  of  the  food  of 
the  fish,  and  so  act  upon  the  fishery  in  an  indirect 
manner.  So  that  you  see  it  is  a  great  deal  a  more  com- 
plicated question  in  regard  to  the  pisces  than  it  is  in 
regard  to  the  shellfish  beds. 

8673.  Might  I  ask  if  you  have  ever  known  of  a  case 
of  a  fish  being  poisoned  by  a  pathogenic  organism? — 
No,  I  have  no  direct  evidence  in  regard  to  that. 

6674.  But  you  would  be  inclined  to  think  that 
pathogenic  organisms  were  bad  for  fish  all  the  same? — 
Yes ;  I  think  if  present  in  quantity  they  would  prob- 
ably lower  the  vitality  of  the  fish.  I  am  not  prepared 
to  say  that  they  give  rise  to  any  distinct  lesion  in  the 
alimentary  canal  of  the  fish,  but  I  should  expect  that 
if  present  in  quantity  they  would  lower  its  vitality. 

8675.  You  have  probably  known  cases  where  the 
shellfish  have  been  injurious  to  human  life  ? — ^Yes. 

8676.  In  consequence  of  being*  impregnated  ? — Shell- 
fish that  were  eaten  raw. 

8677.  Yes?— Yes. 

8678.  But  have  j<m  ever  known  a  esse  of  fish,  other 


than  shellfish,  giving  rise  to   disease   among    human    Prtouaar 
beings? — ^Well,  you  see  they  are  not  eaten  raw.  fferdmom 

8679.  No? — ^And  the  cases  that  are  known  of  poison- 
ing from  eating  fish  do  not,  of  course,  come  under  the 
category  that  you  speak  of  ;  are  probably  due  to  post- 
mortem  changes  and  the  development  of  poisons  in  the 
fish. 

8680.  And  have  you  known  any  case  of  a  fish  being, 
destroyed  by  the  clogging  up  of  its  gills? — ^Yes. 

8681.  You  have? — Oh,  yes;  I  think  I  have  quite^ 
good  evidence  in  regard  to  that  in  one's  own  tanks. 
I  may  say  I  have  kept  many  fish  in  tanks  at  several 
different  biological  stations  for  many  years,  not  with 
the  object  of  investigating  sewage  specially,  still  I 
have  had  them  under  various  conditions  with  various 
kinds  of  impurities  in  the  water,  and  amongst  othei* 
things  I  have  tried  (Quantities  of  fine  silt,  and 
such  materials  do  injuriously  affect  the  gills  of  the 
fish.  And  then  I  have  had  dead  fish  sent  to  me  where 
one  has  found  the  gills  very  much  clogged  up  with  fine 
n:aterial.  I  did  not  doubt  that  in  such  cases  it  was 
either  the,  or  a,  cause  of  death.  It  may  have  acted 
along  with  other  influences. 

8682.  Have  you  found  that  both  with  sea  and  river 
fish? — ^Mainly  sea,  but  I  think  I  have  had  river  fish 
also.  I  think  I  have  had  fish  sent  to  me  in  that  condi- 
tion from  the  Dee  in  the  neighbourhood  of  Chester.  I 
am  speaking  from  recollection  now,  because  it  was 
marine  fish  that  I  came  to  speak  about  and  that  I 
know  best,  but  I  am  inclined  to  think  I  have  had  fresh- 
water fish  sent  me  from  the  Dee.   - 

8683.  Then  to  dog  the  gills  up,  would  the  water  or 
the  liquid  in  which  they  were  have  to  be  very  thick  % — 
Yes. 

8684.  Very  thick  indeed  ?— Oh,  yes  ;  very  thick.  1 
do  not  know  whether  you  would  like  mo  to  state  lum 
anything  further  that  I  have  to  state. 

8685.  Yes,  anything  that  you  please,  please  do? — 
Well,  I  wanted  to  say  after  what  I  had  said  in  regard 
to  the  way  in  which  sewage  might  act  upon  the  fish, 
that  on  the  other  hand  I  think  it  would  be  unfair  not 
10  state  that  sewage  may  act  as  a  food.     I  do  not  think 
that  perfectly  fresh  sewage  under  all  circumstances  is 
injurious.     I  have  had  many  cases  in  which  I  have  kept 
fish  alive  for  lengthy  periods  in  tanks  with  sewage.     T 
have  added  fresh  newage  matter  without  allowing  it  to- 
decompose  ;  I  mean  I  have  renewed  the  water  in  the  tank 
and  renewed  the  supply  of  sewage  in  the  water  periodi- 
cally ;  have  kept  it  well  aerated  ;  and  under  such  condi- 
tions some  shellfish  will  live  apparently  indefinitely. 
Certainly  over  weeks  apparently  without  deteriorating 
in  the  least,  and  they  will  eat  the  sewage.     But  then 
again  there  is  no  doubt  at  all  that  some  of  the  other 
animals  that  are  not,  strictly  speaking,  fish,  not  piiou,. 
feed    upon    sewage.       Shellfish    certainly   feed   upon 
sewage ;     shrimps    feed    upon   sewage ;    many  oi  the 
minuter  things  which  form  the  food  of  the  larger  ones 
feed  upon  the  sewage ;  suoh  as  the  little  animaU  in  the 
sea  called  Copepoda,  smaU  Crustacea,  microscopic  things 
which  are  present  in   enormous   amount,    ^ddch   are 
probably  more  important  than  anything  else  in  the 
sea  as  the  food  of  fishes.     They  feed  largely  on  sewage, 
and    act    really   as    scavengers,    and    convert  sewage 
largely  into  what  one  may  call  good  food  for  the  fish. 
I  know  a  place  on  the  Lancashire  coast,  oS  Bladk- 
pool,  where  the  sewage  is  apparently  carried  out  by 
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FrtjUuor  the  ebbing  tidOj  along  a  definite  area,  and  where  there 
iiermnm.  ^re  great  banks  of  shellfish,  not  edible  shellfish,  which 
7  Mar  1901  in  their  turn  are  eaten  hj  such  fish  as  the  plaice.  The 
shellfish  I  speak  of  are  such  as  mactra  and  scrobicidaria 
and  others,  and  I  have  no  doubt  that  ther  are  there 
because  of  the  sewage^  They  are  nourished,  and  then 
they  form  a  very  good  feeding  ground  for  the  flat  fish. 
So  tdiat  there  is  this  side  of  the  matter  to  be  considered 
as  well  as  the  o4)her. 

8686.  (Professor  Bamsay,)  Might  I  ask  in  passing 
whetiier  fiat  fish  eat  the  shells  as  a  whole  ? — ^They  do. 

8687.  Swallow  everything  ?T--Swallow  eveiything.  If 
you  cut  up  the  flat  fish  you  find  the  shell  in  a  com- 
minuted state  in  their  stomach.  That  was  the  other 
point  I  wished  to  lay  before  the  Commission. 

8686.  (Mr.  KiUick.)  In  speaking  of  sewage  and  its 
effect  upon  fish,  you  speak,  I  suppose,  of  domestic 
sewage? — ^Yes,  where  I  have  used  it  experimentally  as 
in  these  tanks  at  biological  stations.  I  have  sometimes 
merely  taken  it  from  the  mouth  of  the  drains,  as,  for 
example,  that  is  what  I  have  done  at  Port  Erin  in  the 
Isle  of  Man,  where  I  have  a  biological  station.  In 
other  cases  I  have  merely  mads  it  up  from  small  quan- 
tities of  human  foscal  matter,  of  horse  dung  and  urine, 
so  that  would  be  what  you  mean  by  domestic  sewage. 

8689.  You  have  not  made  any  observations  where 
there  have  been  trade  effluents  in  the  tank  ? — ^No.  . 

8690.  You  said,  I  think,  that  sewage  is  less  dangerous 
to  fish  life  wlien  turned  into  the  open  sea  than  it  is 
when  turned  int.D  a  river  ? — ^Yes  ;  for  two  reasons  ;  first 
of  all,  because  I  think  it  very  soon  in  the  sea  becomes 
mixed  with  such  an  enormous  volume  of  wat-er  that  it 
must  in  a  very  short  time  be  very  dilute.  Then,  in 
the  second  place,  I  am  under  the  impression  that  it 
is  more  aerated  in  the  sea,  and  aeration  has,  I  think, 
a  more  important  effect  than  anything  else  upon  the 
life  of  fish.  I  mean  that  I  hav>>  kept  fish  in  wnter  th«*< 
really  was  very  much  polluted  and  very  thick,  indefi- 
nitely, for  weeks,  so  long  as  one  kept  that  water  tho- 
rougnly  aerated,  aerated  it  several  times  a  day,  while 
other  '  tanks— control  tanks — ^which  were  under  the 
same  conditions,  but  were  not  aerated,  proved  fatal  to 
life— -fish-life  of  all  kinds — ^very  soon.  And  in  other 
tanks  where  the  water  was  very  much  purer,  almost  no 
sewage  matter,  or  none  at  all,  if  you  allow  them  to 

-stagnate,  if  you  do  not  aerate  them,  the  fish  very 
soon  die  ;  eo  that  I  would  lay  very  gzeat  stress  upon 
the  thorough  mixing  up  of  the  sewage,  such  as  happens 
where  there  is  a  tide — ^where  the  water  is  thoroughly 
aerated. 

8691.  But  if  the  tide  returns  the  sewage  to  a  mud- 
bank,  then  the  risk  would  be  very  great ;  if  it  throws 
it  back  on  to  the  shore  ? — ^The  risk,  you  mean,  of  form- 
ing a  deposit  such  as  would  interfere  with  life  on  that 
mud  bank  ? 

8692.  Yes  ? — Yes,  that  is  what  I  alluded  to  as  the  in- 
direct action,  where  the  food  of  the  fish  is  killed  off  in 
oonsideFable  areas,  fay  deposits  of  sewage-mud  forming. 

8693.  The  danger  to  health  from  eating  raw  fish, 
would  it  come  from  eating  tdie  fish  or  from  swallowing 
the  water  contained  in  the  shells  ? — -Both ;  the  water 
*t:ontained  in  the  shells  contains  the  organisms,  con- 
tains numbers  of  organisms ;  so  does  the  alimentaiy 
canal  of  the  shellfish,  which,  of  course,  runs  through  its 
body,  and  you  cannot  help  swallowing  that,  even  if 

you  wash  the  exterior.  If  you  wash  out  the  mantle 
oavity,  the  cavity  between  the  pallial  folds,  you  stdU 
leave  the  alimentary  canal  of  the  animal,  which  contains 
organisms.  .     • 

8694.  Even  though  you  get  rid  of  all  the  water  in  the 
shell,  the  ojrster  or  mussel,  or  whatever  it  is,  may  be 
poisonous  ?---It  may  be,  but  vou  get  rid  of  a  good  deal 
of  the  chance  if  you  get  rid  of  the  water.  .In  some 
experiments  Professor  Boyoe  and  I  made  some  years 
ago,  in  regard  to  oysters,  we  found  that  there  were 
more  organisms  on'  the  outside  than  in  the  inside,  so 
that  you  get  rid  of  a  large  proportion  of  the  risk  in 
cleansing  the  outside,  but  still  you  do  leave  some  risk, 
because  of  there  being  the  alimentary  canal,  the  food 
canal  of  the  animal,  running  through  its  interior,  and 
that,  of  course,  may  contain  anything  that  was  outside 
the  animal. 

8695.  (Major-Oenetal  Carey,)  Is  it  your  opinion  that 
a  sewage  effluent  which  passes  over  ojrster  beds,  or 
shellfish  of  any  kind,  should  be  treated  beforehand, 
and  ^ould  undergo  some  process  of  purification  before 
the  discharge  takes  place? — ^If  that  purification  is  ef- 
fectual, certainly  ;  but  I  understand — this  is  not  fzxmi 


my  own  knowledge— but  I  understand  that  sucfli  treat- 
ment does  not  destroy  the  pathogenic  organisms,  and 
leaves  the  effluent— even  though  it  foay  look  very  diffi- 
cult  from  crude  sewage — cleaves  it  really  with  aa  many 
organisms  as  before.  In  that  caae,  of  course — ^from  the 
public  health  point  of  view — ^it  is  no  use. 

8696.  Under  those  circumstances  it  does  not  matter 
whether  the  sewage  is  treated  or  not  ? — So  far  as  patho- 
genic organisms  are  concerned. 

8697.  Does  a  fish  feed  on  decompoeing  sewage  i — 
Some  fish  do.  I  have  seen  fish  do  so.  I  will  not  say 
that  all  fish  do ;  some  do ;  and  some  shellfish ;  and 
shrimps,  certainly. 

8698.  What  w«>uld  be  the  effect  in  salmon  rivers  of 
the  fish  feeding  either  on  fresh  or  on  decomposing 
sewage? — Well,  I  do  not  know  an^hing  about  the 
salmon  feeding  on  sewage.     I  am  talking  of  marine  fish. 

8699.  (Professor  Ramsay.)  Do  salmon  feed  at  all  when 
in  a  river? — ^That  is  disputed  ;  I  mean  we  have  had  a 
good  deal  of  scientific  evidence  of  late  years  that  they 
do  not  feed  at  all ;  but,  of  course,  some  other  people 
say  they  do. 

8700.  I  have  seen  large  trout  feeding  at  an  outfall  I 
—I  have  seen  exactly  the  same  Uiing  in  regard  to 
marine  fish,  and  of  course  it  ijb  well  known  that  shell- 
fish grow  much  larger  round  the  mouths  of  sewers. 
We  caught  a  boy  the  other  day  up  a  drain  near  Egre- 
mont,  in  the  Mersey,  collecting  mussels  to  sell,  and  he 
went  there  because  they  were  larger  than,  he  could  get 
anywhere  else. 

8701.  To  eat ;  not  for  bait  ? — No  ;  to  eat ;  to  sell  in 
the  market  for  food ;  he  went  up  the  inside  of  the  drain 
for  tliem. 

8702.  (Major-Oenerdt  Carey.)  What  would  be  the 
effect  on  trout  of  crude  sewage  being  turned  into  a 
trout  stream  ? — ^I  do  not  think  I  can  give  you  any  useful 
opinion  about  that.  It  would  largely  depend  on  the 
amount  of  it,  and  how  readily  it  was  carried  awav, 
whether  it  wvis  allowed  to  deoompcee,  and  whether  the 
water  was  thoroughly  aerated. 

8703.  (Professor  Bamsay.)  I  suppose  there  can  be  no 
doubt  that  whether  or  not  fish  are  injuriously  affected 
— when  I  say  fish,  I  mean  shell-fish,  as  well  as  verte- 
brate fish — ^whether  or  not  fish  are  injuriously  affected 
by  sewage,  it  is  possible  for  human  beings  to  get 
disease  by  eating  them  ? — ^By  eating  the  shellfish  ? 

8704.  By  eating  the  shellfish  ?— Yes. 

8705.  That  haa  been  indisputably  proved? — Oh,  1 
think  so ;  I  consider  it  so. 

8706.  Oan  the  same  fact  be  alleged  of  vertebrate  fish  i 
— I  do  not  think  so.  You  mean  after  the  fish  has  l>ecn 
boiled—^ter  the  fish  haa  been,  cooked. 

8707.  Yes.  Well,  of  course,  raw  fish  are  not  eaten? 
— ^Baw  fish  are  not  eaten,  and  I  think  if  fish  is  sufii- 
ciently  cooked  it  would  destroy  the  organisms. 

8708.  The  organisms  would  be  destroyed  ? — Yes. 

8709.  Can  you  give  us  any  idea  of  the  amount  of 
oxygenation  in  the  water  necessary    for    the    life    of 

fisees  ? — No  ;  no  I  cannot  tell  you  in  figures  at  present 
think  it  is  known  ;  I  tiiink  it  is  in  Sie  books,  but  I 
have  not  got  it  with  m^. 

8710.  Is  there  any  difference  in  the  amount  required 
for  shell-fish? — ^No,  I  do  not  think  sa 

8711.  They  would  be  affected  at  the  same  time? — 
They  would  be  affected,  but  the  exact  amount  of  effect 
would  depend  upotn  the  habits  and  activity  of  the 
animal. 

8712.  I  will  give  you  a  concrete  case :  In  summer — 
in  July,  for  example — the  Thames  very  often  contains 
extremely  little  free  oxygen.  Not  merely  fish  might  be 
killed  by  thia  absence  of  oxygen,  but  also  their  food  ; 
is  that  possible  ? — It  is  so. 

8713.  Would  it  be  possible  to  find  out  what  amount 
of  oxygenation  of  a  stream  makes  it  perfectly  impoe- 
sible  for  fish  to  exist? — I  think  so. 

8714.  Of  course,  that  is  one  of  the  first  points,  when 
we  consider  the  effect  of  sewage  in  a  stream,  whether 
the  effluent,  from  sewage  treatment,  deprives  the  stream 
of  oxygen  ? — Of  oxygen,  quite  so. 

8715.  And  may  reduce  it,  under  unfavourable  cir- 
cumstances, below  the  limit  ? — Quite  so.  That  is  why 
I  lay  stress  on  the  aeration  of  the  vrater ;  the  thorough 
mixing  up  and  taking  up  of  fresh  air  by  the  water  such 
as  happens  in  the  sea 
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8716.  Yes,  quite  so.  Is  ihere  aaj  evidence  of  the 
production  of  ptomaines  from  the  sewage  when  a  bad 
effluent  is  run  into  an  estuary  or  into  a  river? — ^Well, 
that  is  outside  my  own  province,  but  I  think  there  is. 
Is  it  not  known  that  there  is  ? 

8717.  I  do  not  know  that  there  is  ? — I  am  inclined  to 
think  there  is>  but  that  is  outside  my  own  knowledge. 

871S.  Has  the  effect  of  ptomaines  upon  Ash  at  all 
been  investigated  as  regards  their  healith  ?— No.  What 
I  was  thinking  of  was  tius :  Of  course  there  have  been 
investigations  as  to  the  production  of  ptomaines  in  the 
fish  affecting  human  health,  but  that  is  another  ques- 
tion. 

8719.  That  is  another  question  7— Affecting  the  health 
of  the  nsh.  No;  I  do  not  think  there  has  been  any 
investigation — at  le.iat  none  that  I  know  of. 

8720.  I  kno^  that  the  effect  of  a  considerable  number 
of  poisons  has  been  investigated  on  f^h,  has  it  not  f — 
What  kind  of  poisons? 

8721.  Such  as  arsenic,  for  example?— Oh,  yes.  Yes, 
and  such  poisons  as  are  contained,  you  mean,  in  chemi- 
cal effluents? 

8722.  Chemical  effluents  7— Chloride  of  lime. 

8723.  Chloride  of  lime? — Oaustic  soda,  sulphurous 
acid,  mercuric  chloride,  copper  and  iron  salts,  and  so 
on. 

8724.  Those  have  been  investigated  ?— Yes  ;  that  is 
the  case.    I  know  of  such  cases  m  my  own  tanks. 

8725.  Bo  you  know  wheHB  the  data  is  to  be  found  ? — 
I  could  lay  my  hand  on  them  easily.  I  have  seen 
papers.      I  cannot  tell  you  now. 

8726.  Then  as  regards  the  closging  of  the  gills  of 
the  fish.  Do  you  think  that  is  likely  to  take  place  owing 
to  what  one  may  call  coll.>idal  matter  in  suspension, 
albuminoid  substances,  or,  perhaps,  flocks  of  hydroxide 
of  iron  ?  Is  that  the  sort  of  thing  thait  clogs  the  gills  ? 
—Yes. 

8727.  The  gills  are  rough,  are  they  not? — ^Minutely 
rough. 

8728.  One  would  feel  them  somewhat  rough  to  the 
touch    on  the  exterior? — ^Yes. 

8729.  They  are  full  of  points  ?— Yes. 

8730.  They  would  attach  themselves  to  the  colloidal 
matter  ? — That  is  the  case. 

8731.  And  it  is  not  oaity  to  get  off  ?  It  does  not  wash 
away  ? — It  does  not  wash  away.  It  is  very  difficult  to 
get  off  even  with  a  camel's-hair  brush,  to  give  you  an 
instance. 

8732.  That  hinders  the  oxygen  passing  into  the  gills  ? 
—Yes. 

8733.  Is  that  a*frequent  cause  of  death  of  fish,  do  you 
think  ? — No,  I  do  not  think  I  should  call  it  frequent. 
No,  I  think  it  is  only  under  unusual  conditions,  such 
as  laboratory  conditions,  when  we  are  making  experi- 
ments, or  in  the  few  cases  I  have  mentioned  where  fish 
has  been  bent  to  me  in  that  condition,  and  these  have 
been  very  suspicious.  I  shi^uld  say  it  was  not  at  all 
frequent  with  Qsh  in  the  sea. 

8734.  Have  you  had  any  experience  at  all  with  fish 
kept  in  bacteria  bed  effluents? — ^No. 

8736.  There  are  frequently  carp  and  gold  fish  kept  in 
such  effluents  ? — ^Yes 

8736.  You  havft  not  examined  them? — No.  I  have 
kept  gold  fish  myself  In  tanks  with  a  great  deal  of 
sewage  matter,  and  I  find  they  are  exceedingly  healthy. 

8737.  Do  not  their  gills  tend  io  clog,  or  have  you  not 
examined  them  in  that  way  ? — ^I  have  not  noticed  it.  I 
have  not  had  any  that  died  obviously  from  that  cause. 

8738.  The  reason  I  am  putting  all  these  questions  is 
that  in  certain  processes  of  sewage  purification  a  veir 
considerable  amount  of  colloidal  matter  is  produced. 
The  question  is.  if  that  organic  matter  gets  into  the 
streams,  whether  it  would  be  prejudicial  to  the  fish  ? — 
Yes. 

8739.  Or  even  inorganic  matter,  because  collodial 
matter  may  be  inorganic  ? — ^Yea. 

8740.  It  is  a  question  as  to  whether  it  should  be  re- 
moved from  the  effluent  or  not  before  it  is  allowed  to 
reach  the  stream.  You  think  it  would  be  safer,  at  all 
events,  to  remove  it? — ^Very  much  safer  to  remove  it, 
yes. 

8741.  You  mentioned  in  your  statement  that  fish  are 
not  injured  by  fresh  sewage.      Do  you  intend  to  lay  any 
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emphasis  on  the  word  **  fresh  "  7 — I  meant  before  it  de-    Rnjifutor 
composed.      That  is  what  I  meant— that  it  did   not 
putrefy. 

8742.  But  have  you  had  any  evidence  that  it  does 
putrefy  7 — Only  the  evidence  of  halving^  kept  them  in 
tanks  over  and  over  again,  and  I  have  found  that  it 
makes  a  veiy  great  difference.  As  I  think  I  stated, 
I  have  kept  tanks  going  in  which^  I  renewed  "the  water 
and  put  in  fresh  sewage  day  by  day,  and  have>kepit  other 
tanks  in  which  I  allowed  the  old  sewage  to  remain  and 
decompose,  and  I  found  that  these  two  ciirum stances 
acted  veiy  differently. 

8743.  Does  the  fish's  own  excreta  injure  it?-^h,  I 
do  not  think  so. 

8744.  Too  small  a  quantity  7 — Too  small  a  quantity. 
I  do  not  think  that  affects  the  question. 

8745.  If  you  were  to  run  some  septic  tank  liquor  into 
a  fish  tank,  and  kept  up  the  aeration,  you  do  not  think 
the  fish  would  be  affected  7—1  do  not  think  they,  would 
be  effected— no,  I  lay  very  great  stress  upon  aeration. 

8746.  Can  you  say  whether  any  typhoid  or  any  other 
disease  which  is  communicated  by  oysters  has  ever  been 
communicated  where  oysters  were  grown  near  an  efflu- 
ent which  was  good  chemically,  or  has  it  always  been 
where  the  crude  sewage  was  run  into  the  sea  ? — I  think 
the  cases  that  I  have  known  of  have  all  been  cases  of 
crude  sewage — just  from  a  drain,  from  an  ordinary  un- 
treated drain. 

8747.  How  do  you  think  that  oyster  beds  ought  to  be 
protected  so  as  to  avoid  contamination  in  this  way  7 — 
Oh,  I  think  the  oysters  ought  to  be  kept  away  from 
the  drains. 

8748.  Away  from  them  entirely  7 — Away  'from  them 

entirely. 

8749.  {Major-General  Carey,)  Is  that  possible? — 
Well,  then,  put  the  oyster  bed  away  from  the  sewer. 

8750.  (Professor  Ramsay.)  The  question  is  how  far 
away.  Is  the  contamination  likely  to  reach  far? — 
Well,  it  will  reach  further,  of  course,  in  an  estuary 
than  in  the  sea.  You  will  have  to  study  each  particu- 
lar case — see  what  the  set  of  the  tides  iB,  and  the  current 
in  the  water.  I  mean,  under  some  circumstances  conta- 
mination might  reach  a  long  distance  because  of  the 
current.  In  other  cases  it  might  be  mixed  so  soon 
with  a  large  volume  of  sea  water  as  to  be  innocuous. 

8751.  About  Crustacea :  When  they  breathe,  are  their 
breathing  organisms  the  least  likely  to  become  clogged 
in  the  same  way  as  fishes  do  7 — ^No.  Their  gills  are  so 
different.  They  are  absolutely  smooth,  and  are  covered 
with  a  thin  layer  of  chitin  like  part  of  the  rest  of  the' 
exo-skeleton  of  the  animal.  Whether  that  is  the  reaeon 
or  not,  as  a  matter  o<  fact  I  do  not  think  you  would  find 
a  crustacean  with  its  gills  clogged. 

8752.  And  I  suppose  the  same  would  be  said  a  for- 
tiori of  shell  fish  ? — ^No.  Shell  fish  are  very  different. 
They  have  ciliated  gills — quite  different  they  are — and 
ciliated  gills  are  liable  to  become  clogged.  I  have  seen 
the  gills  of  mussels  badly  clogged. 

8753.  And  if  an  immense  amount  of  sewage  was 
turned  out  of  a  bed  that  would  naturally  put  an  end  to- 
the  shell  fish? — You  very  often  find  shell  fish  put  an 
end  to  not  merely  by  sewage,  but  by  mud.  It  is  ex- 
ceedingly bad  for  an  oyster  bed  or  a  mussel  bed  to  have 
mud  collect,  or  if  a  sandy  region  with  a  cockle  bed 
becomes  too  muddy  because  of  some  change  in  the 
deposit,  then  the  cockles  will  die  out. 

8754.  (Chairman,)  Have  you  ever  known  the  shell 
fish  themselves  suffer  from  pathogenic  organisms  7 — No. 
Professor  Boyce  and  I,  when  we  were  working  at  the 
oyster  a  few  years  ago,  tried  to  get  evidence  with  re- 
gard to  that,  in  reganl  to  the  oyster,  but  we  could  not 
find  any  lesion  in  the  animal's  own  tissues. 

8755.  Then,  taking  the  case  of  an  oyster  bed  where 
the  pathogenic  organisms  were  numerous,  the  shell  fish 
would  be  so  much  affected  that  they  would  be  dangerous 
to  the  health  of  human  beings,  but  in  the  neighbour- 
hood of  that  same  oyster  bed  would  all  sorts  of  fish  be 
able  to  live,  do  you  suppose,  or  would  the  pathogenic 
organisms  hurt  any  kind  of  vertebrate  fish  7 — Oh,  I  think 
the  fish  would  be  able  to  live.  If  it  was  a  place  where 
the  oysters  would  be  able  to  live,  fishes  would  be  able 
to  live. 

8756.  Then  you  might  have  infected  waters  that 
would  be  quite  innocuous  to  fish,  but  which  would  be 
dangerous  to  human  beings  if  they  ate  raw  shell  fish 
coming  from  them  7 — ^Ycs. 
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Pt")/e»*or       8757.  Then  humaii  beings  and  fish  are  not  at  all  in 
Hrrdman.  the  game  boat  ?—No. 

7  M.iy  1001.  3768.  (Profedsor  Ba/may,)  Would  pratrefiable  sus- 
pended matteT  have  any  influence  on  the  life  of  fish  of 
any  kind?  The  object^  of  course,  of  these  processes 
is  to  torn  out  an  effluent  which  will  not  further  putrefy, 
but  it  OS  not  always  suoceesful. — ^Well,  if  it  contains 
pratrefiable  material,  that  will  certainly  use  up  oxygen, 
will  it  not? 

8750.  Oh,  yes? — ^And  in  that  way  alone  it  would 
have  a  prejudicial  effect,  or  mis;ht  have.  I  do  not 
quite  see  at  the  moment  the  need  of  any  other. 

8760.  Dr.  Houston  suggests  that  the  humus  which 
is  the  general  product  in  effluents,  which  is  not  putre- 
fiable,  might  form  deposits? — On  the  bottom,  you 
Mean. 

8761.  On  the  bottom  ;  of  course,  that  would  not 
interfere  with  vertebrate  fisli  ? — It  might  interfere  with 
their  food.  For  example,  a  ^ery  great  part  of  the  food 
of  some  of  our  most  esteemed  fishes,  the  flat  .fishes, 
consists  of  marine  worms  and  shellfish,  molluscs. 
They  are  not  edible  ones ;  they  are  smaller 
shellfish  than  cockles  and  mussels.  Well,  now 
these  animals  require  a  fairly  open  bottom.  They 
require  sand  or  shells,  zoophytes,  and  suchlike, 
and  wherever  there  is  a  deposit  of  fine  mud  of  any 
kind  it  will  interfere  with  the  life  of  these  animals 
which  are  the  food  of  fish.  Also,  anything  that  in 
shallower  water  would  prevent  the  growth  of  sea- 
weeds will  still  more  in  an  indirect  way  affect  the  life 
of  fish,  beoause  the  invertebrates  feed  upon  the  sea- 
weads. 

8762.  Perhaps  I  might  just  put  a  general  question : 


Water  free  from  chemicals  and  from  putrescible  ana 
pended  matter  in  general  you  do  not  think  would  be 
injurious  to  fish? — If  it  were  free  from  chemicals  and 
putrescible  matter. 

8763.  So  that  we  may  take  it  that  any  constita«nt  of 
an  effluent  whioh  has  not  much  effect  on  the  oxygena- 
tion would  not  be  injurious  to  vertebraite  fish  life. — 
Quite  so,  I  think. 

8764.  To  vertebrate  fish  life?— ^uite  so.  I  think 
that  is  my  general  opinion. 

(Mr.  KiUick.)  That  is  directly,  o!  course. 

8765.  (Professor  Ramsay.)  Directly T— Yes.  I  brought 
with  me  some  laboratory  notes  here  of  experiments 
made  comparatively  recently,  but  they  are  just  on  the 
same  lines  as  many  others  I  have  made  before.  I 
think  I  have  given  you  the  results  in  general  terms 
without  going  into  each  particular  experiment.  There 
is  just  perhaps  one  other  remark  I  would  make  that  I 
see  in  comparing  two  of  those  sheets,  and  that  is,  that 
I  have  some  evidence  that  the  fish  that  I  experimented 
with  over  at  Port  Erin  in  the  Isle  of  Man,  where  ^e 
water  is  exceedingly  pure,  were  more  susceptible  to 
sewage  than  the  fish  that  I  experimented  with  at 
Liverpool,  which  were  caught  in  the  estuary,  and 
which,  from  the  fact  of  their  being  shore  fish,  have 
probably  all  their  lives  been  in  lihe  estuary ;  so  that 
I  have  no  doubt  there  is  a  certain  amount  of  accli- 
matisation goes  on,  and  the  fish  in  the  estuary  are 
able  to  stand  more  than  the  same  kind  of  fish  else- 
where :    because  it  was  the  same  kind  of  fi^h  in  both 


eases. 


8766.  Have  you  any  definite  experience  as  regarda 
the  action  of  metallic  poisons? — ^No. 
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8707.  (Chairman.)  You  are  an  Assistant  Secretary  to 
the  Board  of  Trade  in  charge  of  the  Fisheries  and 
Harbours  Department? — ^Yes. 

8768.  And  you  are  good  enough  to  come  here  to  give 
us  the  views  of  the  Board  of  Trade  on  the  subject  of  tiie 
discharge  of  sewage  and  sewage  effluents  into  tidal 
waters  ?— Yes. 

8769.  Perhaps  you  will  give  us  a  general  statement 
of  your  views  ?— I  have  been  directed  by  the  Board  of 
Trade  to  attend  before  the  Commisaion  in  consequence 
of  a  request  from  the  Chairman  of  the  Commissioners 
that  the  Board  would  appoint  one  or  more  of  their 
officers  to  lay  before  the  Commission  the  vie¥rs  of  the 
Board  in  regard  to  certain  questions  connected  with  the 
discharge  of  sewage  into  tidal  rivers,  estuaries,  and  the 
sea. 

It  is  necessary  that  I  should  say  at  once  that  I  am 
not  able  to  offer  any  evidence  as  to  the  effect  of  crude 
or  other  sewage  ondifforent  kinds  of  fish,  or  as  to  what 
degree  of  purification  is  necessary  to  render  sewage 
innocuous.  This  is  a  question  involving  prolonged 
chemical  and  bacteriological  investigations  which  the 
Board  of  Trade  have  never  been  put  in  a  position  to 


conduct.  I  am  only  able  to  give  the  Commission 
information  as  to  what  powers  the  Board  of  Trade 
possess  with  respect  to  the  discharge  of  sewage,  and  as 
to  the  complaints  which  have  from  time  to  time  been 
made  as  to  the  injurious  effect  of  such  discharge. 

The  Fisheries  Department  of  the  Board  of  Trade 
was  constituted  in  1886,  and  in  the  inspectors'  reports 
of  1887  attention  was  called  to  the  pollution  of  rivers 
as  a  serious  impediment  to  the  production  of  fish,  but 
these  reports  hJad  reference  principally  to  the  upper 
waters  of  the  rivers,  and  it  was  not  until  1888  that  the 
Board  of  Trade  began  to  take  serious  action  with  regard 
to  the  pollution  of  tidal  waters  as  affecting  fisheries. 
Local  Sea  Fishery  Committees  were  establishea  unaer 
the  Sea  Fisheries  Regulation  Act,  1888,  and  under 
Section  2  of  that  Act  local  Committees  obtained  power 
to  make  bye-laws  for  the  following  (among«t  6ther 
purposes) :  — 

''  (e)  For  prohibiting  or  regulating  the  deposit 
or  discharge  of  any  solid  or  liquid  substance  detri- 
mental to  sea  fish  or  sea  fishing." 

The  following  are  specimens  of  bye-lawi  whioli  h«f« 
been  made  under  this  clause :  — 
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PaoHZBinoN  or  Dspobtt  or  Bbxuse. 

Specimen  Byerkvws. 

Kent  and  Essex  Difltiiot  (Ckxnfirmed  1806). 

15.  The  deposit  or  discharge  of  any  solid  or  liquid 
substance  detrimental  to  sea  fish  or  sea  fishing  is  hereby 
prohibited  Provided  that  this  bye-law  shall  not 
apply — (1)  to  ithe  deposit  or  discharge  of  refuse  by  the 
Lords  Commiseioners  of  the  Admiralty  in  the  River 
Thames  below  ''The  3liouse"  lightship  and  aear  'the 
''  Mouse  Sand/'  or  (2)  'to  the  deposit  by  any  other  per- 
son with  the  consent  in  writing  of  the  Committeei 
given  under  the  hand  of  their  clerk,  and  confirmed 
by  the  Board  of  Trade,  of  any  such  solid  or  liquid 
substance  on  an  area  shown  on  a  chart  referred  to 
iu  the  coneenit,  and  in  aooordanoe  with  the  conditions 
laid  down  in  that  consent.  Any  person  acting  in  con- 
travention of  this  bye-law  shall  on  summary  conviction 
be  liable  for  each  offence  to  a  penalty  not  exceeding 
£20,  and  in  the  case  of  a  continuing  offence  the  addi- 
tional sum  of  £10  for  every  day  during  which  tlie  offence 
continues. 

A  similar  bye-law  is  in  focve 

(1)  With  exempted  areas  or  power  to  exempt  arean — 
in  Sussex,  Southern  Milford,  Lancsshire  ana  Western 
Cumberland  Districts. 

(2)  Without  affoitiing  power  to  exempt  areata— iti 
Eastern  Suffolk  and  Essex,  Frome,  Southampton,  Teign, 
Camel,  Glamorgan,  Dee  Di<»trictsw 

Devon  ;  Kent,  Bela,  etc. 

2.  The  deposit  or  discharge  of  any  solid  or  liquid 
substance  detrimental  to  sea  fish  or  sea  fishing  is  hereby 
prohibited  fprovided  that  nothing  in  'this  bye-law  con- 
tained shall  affect  the  power  of  any  sanitary  or  other 
local  authority  to  discharge  sewage  in  pursuance  of  any 
power  given  by  a  general  or  local  Act  of  Parliament 
or  by  a  Provisional  Order  confirmed  by  Parliament, 
or  from  any  outfall  in  use  at  the  date  of  the  confirma- 
tion hereof]. 

[This  is  an  early  form  of  bye-law.  The  proviso  is  not 
now  inserted,  as  the  point  is  met  by  Section  13  of  the 
Aot.     See  below*.] 

COLCH£BTSB  HiLBBCDS. 

Certificate   dated  26th  May,  1801. 

Xo  person  shall  deposit  or  discharge  any  earth,  gravel, 
ashes,  manure,  rubbish,  refuse,  sludge,  filth,  or  any 
other  solid  or  liquid  substance  whatsoever  detrimental 
to  sea  fish  or  sea  fishing  in  or  into  any  part  of  so  much 
of  the  area  of  the  Harbour  Jurisdiction  of  the  Town 
Council  of  the  Borough  of  Colchester  as  is  not  included 
within  the  Kent  and  Essex  9ea  Fisheries  Diartrict. 
(Here  follows  penalty.) 

These  bye-laws  }iave  no  validity  until  confirmed  by 
the  Board  of  Trade. 

In  1888,  and  again  in  1892,  attention  was  called  to 
the  deposit  of  rubbish  in  the  estuary  of  the  Thames, 
and  as  a  result  of  an  inquiry  held  by  Mr.  Fryer  and 
Captain  Tizard,  R.X.,  by  direction  of  the  Admiralty 
in  the  latter  year,  the  deposit  was  transferred  to  the 
Barrow  Deep. 

At  the  annual  conference  of  representatives  of  Sea 
Fisheries  Committees  in  1896  it  was  pointed  out,,  in 
connection  with  complaints  of  deposits  from  manure 
barges  in  the  Thames  estuary  and<  on  the  £ssex  coast, 
that  prosecutk>ns  (one  at  Sheerness  and  the  other  at 
Colchester)  had  failed  on  account  of  the  difficulty  in 
proving  that  such  deposits  were  detrimental  to  fish. 

Neither  the  Sea  Fisheries  Acts  nor  the  Salmon  Fishery 
Acts  give  the  Board  of  Trade  any  direct  power  to  pre- 
vent the  pollution  of  the  sea  or  tidal  w^ers  by  ttie  dis- 
charge of  sewage  except  that,  as  already  pointed  out, 
bre-laws  made  br  Sea  Fisheries  Committees  have  to 
be  confirmed  by  the  Department 

The  Board  of  Trade,  however,  have  an  indirect  control 
over  the  discharge  of  sewage,  inasmuch  as  no  works 
can  be  constructed  on  the  foreshore  or  the  bed  of  the 
sea  without  their  consent. 

By  the  Crown  Lands  Act,  1866,  29  and  30  Vict.,  c.  62, 
S.  7,  the  rights  and  interests  of  the  Crown  **  of  and  in 

*  vSection  13  of  the  Sea  Fisheries  Begulation*  Act, 
1888,  provides  as' follows:  — 

"  Xcthing  in  -this  Act  shall  authorise  a  local  fisheries 
committee  .to  make  any  bye-law — 

(e)  affecting  any  power  of  a  sanitary  or  other  local 
authority  >to  discharge  sewage  in  pursuance  of  any 
power  j^iven  by  a  general  or  local  Act  of  Parliamerit,  or 
by  a  Provisional  Order  confirmed  by  Parliament." 
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the  shore  and  bed  of  the  sea  and  of  every  channel,  creek,       Hon. 
bay,  estuiary,  and  of  every  navigable  riyer  of  Utib  Cnitod    ^^- '^* 
.vingdom  as  far  up  the  same  as  the  tide  flows  **  were    ^mAma. 
transferred  from  the  management  of  the  Commissionexa  8  Mmj  i9oi. 
of  Woods  to  the  management  of  the  Board  of  Trade.      *— - 
This  section  vests  in  the  Board  of  Trade  a  yery  large 
portion  of  the  foreshore  of  the  United  Kingdom,  but 
not  the  whole,  for,  by  other  sections  of  the  Act,  a  con- 
siderable portion  is  reserved  to  the  Commissioners  of 
Woods,  and  in  Lancashire  and  Cornwall  the  foreshore 
belongs  to  the  Duchy  of  Lancaster  and  the  Duchy  of 
Oomwall  respectively.     In  some  other  parts  of  England 
the  foreshore  has  by  grant  or  prescription  become  vested 
in  private  ownersw     The  ext^it  of  private  ownership  is 
not  known. 

In  places  where  the  management  of  the  foreshore  is 
not  vested  in  the  Board  of  &ade  their  consent  is  still 
necessary  to  works  on  such  foreshore  on  the  ground  of 
interference  with  navigation,  the  jurisdiction  of  the 
Admiralty  in  'these  waters  having  been  transferred 
to  the  Board  of  Trade  by  the  Harbours  Transfer  Aot, 
1862  (25  and  26  Vict.,  c.  69). 

Oysters  and  Shellfish. 

The  Board  of  Trade  have  not  received  many  com- 
plaints of  pollution  of  oysters  or  other  shell  fish  by  the 
discharge  of  sewage.  Those  interested  in  ihe  fisheries 
would  naturally  be  unwilling  to  call  attention  to  their 
fish  being  exposed  to  infection. 

In  1892  the  Board  received  representations  f|om  the 
Bosham  fishermen  with  reference  to  a  proposed  sewage 
scheme  for  Chichester.  In  connection  therewith  I  pro- 
duce a  letter  addressed  by  the  Board  of  Trade  to  the 
Local  Government  Board  in  1893,  calling  attention  to 
certain  cases  of  injury  to  health  and  life  supposed 
to  be  due  to  the  eating  of  shell  fish  exposed  to  con- 
tamination by  sewage.  This  letter  refers  to  cases  at 
Ramsgate,  Margate,  and  Dublin,  and  also  to  a  case  in 
Germany. 

In  1896  a  resident  at  Emsworth  complained  of  pollu- 
tion of  oysters  by  sewage,  but  the  Urban  District  Coun- 
cil denied  that  any  danger  existed.  In  the  same  year 
the  Cowpen  Urban  District  Council  suggested  that  a 
mussel  bed  in  the  Biver  Blyth  should  be  removed  from 
the  vicinity  of  a  sewage  outfall.  The  Board  of  Trade 
replied  that  tihey  had  no  power  to  take  such  action, 
and  that '^e  'better  course  would  be  to  divert  the  sewage. 
In  1897  the  Southampton  Local  Fisheries  Committee 
forwarded  a  complaint  as  to  deposit  of  oysters  in  a 
sewage-infected  pond,  and  were  referred  to  the  sanitary 
authority,  and  a  somewhat  similar  complaint  was  re- 
ceived this  year  from  the  Corporation  of  Falmouth. 

The  Board  of  Trade,  therefore,  have  no  special  in- 
formation as  to  the  damage  caused  by  tiie  pollution  of 
oysters  and  shell-fish  beds  except  such  as  are  contained 
in  the  reports  of  officers  of  the  Local  Government  Board. 
Between  the  years  1894  and  1899  public  attention 
was  called  to  cases  of  typhoid  fever  which  was  attri- 
buted to  the  consumption  of  oysters  contaminated  by 
sewage,  and  in  the  latter  year  a  Bill  introduced  into 
Parliament  on  behalf  of  the  Local  Government  Board 
was  strongly  opposed  by  some  of  the  representatives 
of  the  fishery  interests  on  the  ground  that  while  it  im- 
posed serious  restrictions  on  the  sale  of  oysters,  nothing 
wias  proposed  to  be  done  to  prevent  the  discharge  of 
sewage  into  tidal  waters  by  local  authorities. 

In  May,  1900,  a  promise  was  made  on  behalf  of  the 
Board  of  Trade  that  in  future  cases  of  application  to 
the  Board  for  consent  to  the  construction  of  sewer  out- 
falls upon  the  foreshore  an  opportunity  would  be 
afforded  to  local  sea  fisheries  committees  of  showing 
cause  against  the  grant  of  such  consent. 

Several  cases  in  which  the  interests  of  fisheries  were 
likely  to  be  prejudicially  affected  had  already  been 
dealt  with  by  the  Board  of  Trade,  and  since  May,  1900, 
about  twenty  instances  have  occurred  in  which  the  Board  Exhibit 
have  withheld  their  consent  to  works  on  the  foreshore 
or  tidal  lands  until  some  steps  were  taken  to  secure  as 
far  as  practicable  the  purification  of  the  effluent  or 
otherwise  to  reduce  the  possibility  of  serious  contamina- 
tion of  the  water.  This  policy  has  been  adopted  both 
as  regards  the  tidal  parts'  of  the  river  and  as  regards 
the  sea  coast  (including  estuaries),  except  that  in  the 
case  of  the  sea  coast  the  Board  have  rais'^d  no  quef.tioa 
as  to  the  discharge  of  even  crude  sewage  unless  the 
point  of  discharge  was  in  the  neighbourhood  of  oyster 
or  otiier  shell-fish  beds. 

The  principal  ground  of  complaint  with  rej?ard  to 
6rwterB  is  not  that  the  fish  are  destroyed  or  injured 
by  the  discharge  of  sewage,  but  that  as  they  are  soma- 

3Q 


400 


ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


ll<m. 


tixneB  eaten  raw,  the  consumer  may  swallow  with  or  in 
the  oyster  the  contaminated  water.     The  saone  danger 

eziate  in  the -case  of  mussels  and  cockles^  which  aro 

S  M«j  1901.  sometimee  eaten  raw. 

So  far  as  regards  the  danger  to  huD^an  health,  the 

KOiiMti.  matter  is  one  which  principally  concerns  the  Local 
Govemmeiut  Board  oar  the  local  sanitary  anthontieab 

The  Board  of  Trade  are  bound,  however,  to  consider 
the  damage  which  is  likely  to  be  caused  to  the  fishing 
interest  when  a  case  of  typhoid  fever  is  attributed 
to  oysters.  In  such  a  case  all  oysters,  whatever  their 
origin,  are  more  or  less  laid  under  suspicion.  The 
Board  of  Trade's  view,  therefore,  is  (hat  measures 
should  be  taken  to  prevent  the  contamination  of  the 
oyster  beds  ratiher  than  to  place  restrictions  on  the 
sale  of  oysters  a^ter  they  have  been  contaminated, 
though,  of  course,  these  restrictions  may  be  necessary 
where  the  oysters  are  actually  contaminated. 

I  have  already  stated  that  it  has  been  represented 
that  prosecutions  against  bargeowners  for  depositing 
manure  in  tiie  Thames  estuary  in  contravention  of 
bye-laws  under  the  Act  of  1888  have  failed  in  conse- 
quence of  the  difficulty  in  proving  that  such  deposits 
were  detrimental  to  fish.  It  is  anticipated  that  there 
would  be  greater  difficulty  in  enforcing  bye-laws  as  to 
the  discharge  of  sewage  near  ovster  beds,  more  espe- 
cially where  the  discharge  is  from  an  outfall  which 
has  been  sanctioned  by  the  Board  of  Trade  either  as 
owners  (for  the  Crown)  of  the  foreshore,  or  as 
guardians  of  navigation. 
The  only  way,   therefore,   in  which  the  Board  of 

Eihibit  4.  Trade  can  take  measures  for  preventing  contamination 
is  by  withholding  their  consent  to  the  construction  of 
outfall  sewers  in  the  neighbourhood  of  oyster  beds. 
There  are  several  difficulties  in  this  mode  of  pro- 
cedure. In  the  first  place,  there  are  many  places 
where  the  foreshore  is  not  under  the  management  of 
the  Board  of  Trade,  and  it  is  difficult  to  make  the 
interests  of  fisheries  a  ground  for  objection  when  the 
power  of  the  Board  of  Trade  is  devolved  upon  them  from 
the  point  of  view  of  navigation  only.  Another  difficulty 
arises  when  the  local  conditions  are  such  that  if  there 

Exhibits,  ig  a  marine  outfall  it  must  be  somewhere  near  the 
oyster  beds,  and  the  only  safeguards  which  can  be 
taken  are  by  imposing  conditions :  (1)  as  to  the  puri- 
fication of  the  effluent;  (2)  as  to  the  hours  during 
which  the  discharge  may  be  taking  place  ;  (3)  as  to 
the  inspection  of  the  works  ;  (4)  as  to  future  modifica- 
tion of  the  scheme  in  the  case  of  increase  of  volume  of 
sewage  to  be  discharged,  or  in  the  event  of  fresh 
means  being  discovered  for  rendering  the  effluent  in- 
nocuous. The  Board  of  Trade  have  in  certain  cases 
attached  conditions  of  this  nature  to  their  consent  to 
the  constriiction  of  outfall  works ;  but  they  are  not 
easy  either  to  impose  or  to  carry  out  as  the  law 
stands  at  present. 

As  regards  the  purification  of  the  effluent,  the  Board 
of  Trade  have  not  attempted  to  form  any  opinion 
as  to  the  efficiency  (in  relation  to  shell-fish)  of  the 
different  systems  which  have  been  adopted.  Whether 
or  not  the  effiuent  discharged  under  a  particular  sys- 
tem would  be  injurious  to  persons  eating  raw  oysters 
or  shell-fish  gathered  from  the  neighl}ourhood  of  the 
outfall  is  a  question  upon  which  they  have  always 
hesitated  to  express  an  opinion  or  give  a  decision. 
They  are  prepared  to  be  giiided  in  tliis  matter  by  the 
Local  Government  Board  in  cases  where  that  Depart- 
ment can  assure  the  Board  of  Trade  that  the  effluent 
will  be  sufficiently  purified,  so  as  to  remove  the  pro- 
bability of  the  oyster  beds  being  infected.  But  they 
consider  that  the  consent  of  the  Board  of  Trade 
should  be  rendered  necessary  to  any  outfall  sewers 
on  the  sea  coast  or  in  the  estuaries  of  rivers  in  the 
interests  of  fisheries,  whether  or  iiot  the  foreshore  is 
vested  in  the  Board  of  Trade ;  and,  further,  that  the 
Board  should  be  empowered  to  attach  conditions  ts 
such  consent,  and  to  enforce  compliance  with  thosi 
conditions. 

Salmon  Fisheries. 

The  injury  caused  to  salmon  fisheries  by  the  dis 
charge  of  sewage  into  tidal  rivers  is  of  a  somewhat 
■different  nature  from  that  catTsed  t<o  oysters  and  shell 
tish.     The  danger  is  to  the  fish  themselves,  and  not 
to  the  persons  who  consume  them. 

Some  years  ago  the  Home  Office  made  representa- 
tions to  the  Local  Government  Board  on  this  point, 
with  the  result  that  that  Board  undertook  to  require 
fipecial  measures  to  be  taken  for  the  purification  of 
«Awage  before  the  discharge  of  any  efRuent  into  the 
«*sfiiaries  of  salmon  rivers,  and  the  Boarf\  of  Trade 


have  from  time  to  time  called  the  attention  of  iii%! 
Local  Government  Board  to  cases  in  which  the  in- 
terests of  the  salmon  fisheries  were  Hkely  to  be  or 
were  being  affected  by  sewage  discharge,  whether  into  *^***  *• 
tidal  or  inland  waters.  I  hand  in  a  list  of  specimen 
cases  in  which  representations  have  been  made  to  the 
Local  Government  Board. 

The  Board  have  in  certain  cases  withheld  their 
sanction  to  the  construction  of  outfalls  on  the  fore- 
shore of  tidal  rivers,  in  order  that  Uiey  may  obtain 
a  ^arantee  somewhat  similar  to  that  already  de- 
scnbed  with  respect  to  outfalls  near  oyster  beds. 
The  difficulty  of  enforcing  conditions  of  this  nature  is 
very  great  where  crude  sewage  is  already  discluaged 
into  another  and  possibly  a  not  distant  part  of  the 
river.  An  authori^  objects,  and  with  some  force,  to 
a  refusal  of  i>ermission  to  do  that  which  its  neighbour 
is  already  doine.  If  the  salmon,  they  say,  survive  the 
operations  of  the  sanitary  authority  below  or  above, 
ours  will  not  kill  them. 

With  regard  to  facts  as  to  c^pes  in  which  actual 
damage  has  been  done  to  salmon  by  the  pollution  ol 
rivers,  the  Board  of  Trade  have  only  informatioiii  at 
second  hand  from  the  Boards  of  Conservators,  by 
whom  the  cases  are  usually  dealt  with  without  vsfer- 
ence  to  the  Department. 

The  annual  reports  of  the  inspectors  of  fisheries 
show  that  complaints  in  general  terms  of  the  pollution 
of  rivers  have  been  received  from  the  Boards  of 
Salmon  Conservators.  The  great  majority  of  these 
complaints,  however,  refer  to  non-ti3!al  waters,  bui 
I  have  in  my  hand  a  list  of  instances  of  representa- 
tions which  have  been  made  to  the  Board  of  Trads  r^i^^^^  , 
regacding  the  pollution  of  tidlal  waters  or  estuaries. 

I  understand  that  the  Royal  Commission  on  Salmon 
Fisheries  for  England,  Wales  and  Scotland  have  been 
taking  evidence  as  to  the  position  of  sewer  outfalls,  the 
nature  of  the  effluents  they  discharge  and  its  effect 
on  fish  life.  I  am  also  informed  by  the  Chief  In- 
spector of  Fisheries  that  experiments  have  been  made 
in  this  and  other  countries  as  to  the  effect  on  fish 
life  of  the  principal  constituents  of^  sewage  and  manu- 
facturing effluents,  «nd  I  have  in  my  hand  a  refer- 
ence to  various  reports  and  documents  in  which  an  £xhibH  5 
account  of  some  of  these  experiments  will  be  found. 

ExHiBrr  1. 

28th  January,  1803. 
The  Secretary, 

Local  Government  Board. 

Sir,— With  reference,  &c.,  Slst  ulto  ("^a^  ^*^)  in 
which  you  ask  to  be  referred  to  the  actual  instances 
which  this  Board  had  in  view  in  stating  that  injury 
to  health  and  life  has  frequently  been  traced  to  the 
eaiting  of  shell  fish  exposed  to  oontaminsrinon  by  sewage. 
I  am,  etc.,  to  st»te  that  the  search  for  the  documents 
and  evidence  in  the  wurious  cases  which  have  come 
under  the  notice  of  this  Department  has  proved  to  be 
a  matter  involving  a  considerable  expenditure  of 
time  and  labour,  and  that  they  have  not  yet  been  able 
to  obtain  in  every  instance  the  detailed  particulars 
which  the  Local  Government  Board  would  seem  to 
desire. 

In  order,  however,  not  to  delay  any  longer  their 
reply  to  your  leMier,  I  am  to  swbmit  for  the  informa- 
tion of  the  Local  Government  Board  the  following 
stfttement  relative  to  some  of  the  cases  in  question. 

In  the  year  1883  three  cases  of  illness  occurred  in 
the  Isle  of  Thanet,  which  were  attributed  br  Dr.  M.  K. 
Bobdnsoii,  of  Dover,  the  Medical  Offlcer  of  Health  for 
that  Union,  to  (the  eating  of  mussels  taken  from  near 
the  outfall  of  the  Ramsgate  sewer. 

In  the  following  year  over  fifty  p^ona  were  seized 
with  severe  illness,  which,  in  the  opinion  of  the  same 
officer,  was  dearly  traceaible  to  the  effects  of  poison 
conveyed  by  shrimps,  of  which  they  had  partaken,  and 
which  had  been  caught  near  the  outfall  of  the  Margate 
sewer. 

Extracts  from  Dr.  Bobinson's  official  renorts  on  the 
above-mentioned  pccurrences  are  enclosed  herein.  It 
will  be  observed  Uiat  that  gentleman  refers  in  his 
later  report  to  other  analogous  cases  which  had  been 
brongbt  to  his  notice. 

In  the  year  1888  two  persons  who  had  eaten  mussels 
gathered  near  the  outfall  of  Bamsgate  sewer  were 
attacked  wi>t^  illness,  at  first  supposed  to  be  typhoid 
fever,  but  which  was  attributed  on  medical  authority 
to  the  effects  of  easing  the  shell-fish  in  question  ;  and 
in  tile  foll<ywing  year  a  similar  case  of  illness  was 
similarly  traced  to  the  consumption  of  cockles  taken 
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from  a  place  similarly  contaminated  by  sewage.  The 
Board  of  Trade  are  not  at  the  present  momenft  able  to 
furnish  full  details  with  respect  to  this  last-mentioned 
cabe,  but  they  haye  good  ground  for  believing  it  to  be  an 
authentic  insfcuice  of  injury  distinctly  due  to  the  cause 
indicated. 

In  July,  16Q0,  five  members  of  a  facnily  resident  in 
Dublin  died  from  the  effeofas  of  eatin«:  musse^ls  which 
hsd  been  taken  (&om  a  tidad  pool  in  Dublim  Bay,  which 
in  weU  known  to  be  the  receptacle  of  sewage^on- 
taminmted  wiatexa. 

The  fact  that  the  illness  of  H.B.H.  the  Duke  of 
Todc,  in  -Noremibeir,  1601,  was  attributed,  whetheos 
rightly  or  wrongly,  to  the  consuimiption  of  oysters 
taken  from  DuMin  Bay  gave  occasion  for  yaxious  ex- 
pressions of  opinion  in  support  of  the  theory  in  that 
particular  caee,  and  bearing  out  the  general  Tiew  that 
the  infeotion  ol  shell-fish  by  sewtage  is  a  source  of 
danger. 

Among  other  such  ezpreesions,  the  Board  of  Trade 
would  refer  to  a  letter  published  in  the  ''Times"  of 
Nov.  24th,  1881  (p.  7,  col.  2),  purporting  to  give  the 
personal  experience  of  a  physacian  in  a  case  of  typhoid 
fever  which  was  "oleaorly  traced"  to  oysters  that  had 
been  temporarily  laid  upon  a  tidal  bank,  a  few  miles 
from  Dublin,  over  which  sewage  was  carried  by  the 
inconung  tide. 

The  Boaid  of  Trade  regret  that  they  have  been  as 
yet  unable  to  identify  the  author  of  that  Hetter.  They 
deaire  me,  however,  to  say  thai  no  less  an  authority 
than  Professor  Huxl^  hoe  expressed  the  followii^ 
opinion  on  the  general  subject :  "  I  do  not  see  how  it 
can  be  doubted  that  oysters  taken  from  a  bed  iridgated 
with  dilute  sewage  and  eaten  uncooked  would  be  dan- 
gerous articles  of  diet.  Does  anybody  pretend  that  it 
would  be  safer  to  take  drinking  water  (unfiltered  and 
otherwise  unpurified)  from  a  body  of  fresh  wrater  of 
similar  dimensions  to  any  estuary  which  may  be  under 
conaideration  ob  a  point  equally  near  a  sewage  dis- 
charge? If  such  a  proceedong  is  safe,  our  sanatory 
authorities  are  taking  a  great  deal  of  trouble  an  vain : 
if  it  is  not  safe,  neither  is  it  desirable  to  eat  oy«t«rs, 
the  juices  of  which  are  imnregnated  witii  sewiage,  in 
however  dLHute  a  condition. ' 

I  am  to  add  that  instances  of  illness  and  death 
occurring  abroad  through  eating  uncooked  shell-fish 
have  also  come  under  the  notice  of  the  Board  of  Trade. 
In  October,  1986,  for  example,  nineteen  workmen  in 
the  APBenal  at  Wilhelmshaven  were  seized  with  sick- 
nesB  after  partaking  of  mussels  taken  in  Wilhelms- 
haven Bay,  and  four  of  them  died.  Tlie  ciTcumstances 
attending  this  fatality  were  carefully  investigated  by 
both  German  and  French  authorities,  and  in  an  ofncial 
report  addressed  to  the  French  Minister  of  Marine  by 
the  ComM  consultAtif  des  pfiches  maritimes,  and  dated 
the  16th  April,  1889,  reference  is  made  to  this  case 
and  to  the  fact  that  Profeesor  Grancher  had  found : 
"that  oysters  which  are  capable  of  causing  poisoning 
are  those  which  have  remained  in  waters  infected  with 
organic  matters  in  a  state  of  decomposition." 

In  view  of  the  circumstances  above  set  forth,  I  am 
to  enquire  whether  the  Local  Government  Board  are 
disposed  to  dispute  the  proposition,  which  seems  to  the 
Board  of  Trade  so  self-evident,  that  danger  to  health 
and  life  must  naturally  arise  from  the  eating  of  oysters 
or  mussels  or  other  shell-fish  in  the  open  shells  of 
whidi  sewage  or  sewage  matter  has  been  deposited; 
or  whether  they  would  desire  this  department  to  further 
follow  up  the  search  which  it  has  been  making,  with 
the  view  of  furnishing  detailed  evidence  relating  to 
the  case  whicOi  the  Board  of  Trade  had  in  view  in  their 
previous  letter  on  the  subject. 

(Signed)  A.  D.  Behrinoton. 

Extract  from  Beport  \p  Sanitary  Authorities  of  the 
East  Kent  Joint  Committee  for  the  year  1880,  by 
M.  K  BoBiNBON,  M.D.  (the  Meddcal  Officer  oi 
Health). 

The  two  exceptional  caaee  (of  enteric  fever)  referred 
to  above  fk)llowed  the  eating  of  mussels  in  a  irtjw 
state.  They  occurred  at;  houses  widely  apart.  The 
sanitary  condition  of  thei  premises  in-  each  case  was 
good,  and  the  drinking  irater  derived'  from  the  com- 
pany's works.  No  connection  could  be  traced  with  any 
previously  infected  source.  No  extension  of  the  dis- 
ease  took  place  at  either  house.  The  mussels  were 
eaten    only   by   the   sufferers   in    que^ioii    and   by  a 
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aiater  of  one  of  them,  who  was  sick  and  ill  lor  a  shoxi      gon^ 
time  after  ptwrtaking  of  them.  T.  H.  i^ 

Ihe  museela  were  gathered  near  the  ooDtCall  of  the  — 
Bam^gate  sewer,  aod  eaten  in  an  uncooked  condition.  ^  May  i9oi. 
If  midk  and  waiter  can  act  as  a  vehicle  tor  the  con- 
veyance of  enteric  fever  contagion,  which  is  known  to 
be  the  case,  there  is  nothing  unreasonable  in  believing 
thai  muasels  gathered  at  the  mouth  of  a  sewer  and  con- 
sumed in  a  raw  state  mi^bt  prove  also  capable  of 
communicating  the  disease. 


Extract  from  Beport  to  the  Sanitary  Authorities  of  the 
East  Kent  Joint  Committee  for  the  y«ar  1884,  by 
M.  K.  BoBiKSOX,  M.D.  (the  Medical  Office?  of 
Health). 

In  addition  to  the  outbreaks  (of  zymotic  disease) 
tabulated  above,  a  remarkable  occurrence  of  wholesale 
poisoning,  following  the  eating  of  shrimps,  was  re- 
ported to  the  Sanitc^  Authority. 

Between  50  and  60  people  who  partook  of  shrimps 
procured  from  a  man  of  the  name  of  Atwell,  on  Sunday 
morning,  September  21st,  were  seized  with  severe 
choleraic  symptoms,  viz.,  purging,  vomiting,  cramp 
and  chilliness  durine  the  night  of  ihe  21st  or  following 
day.  This  man  sold  shrimps  at  nearly  every  hoose  in 
North  and  West  Down,  and  sickness  followed  in  ever/ 
house  BO  supplied,  exclusive  of  one  family  to  be  pre- 
sently noticed. 

At  those  houses  where  no  shrimps  were  purchased  no 
illness  occurred.  At  houses  where  some  partook  of  the 
shrimps  and  some  did  not,  those  who  did  not  eat 
shrimps  escaped,  whilst  those  who  partook  of  them  suf- 
fered. The  shrimps  were  said  to  have  been  caught  near 
the  outfall  of  the  Margate  sewe-r  on  the  previous  after- 
noon, and  boiled  the  same  night  They  were  kept 
during  the  night  prior  to  sale  in  a  cottage  containing 
three  rooms  on  the  ground  floor,  the  rooms  opening  out 
into  each  other,  so  that  the  shrimps  would  be  exposed 
during  the  night  to  the  atmosphere  of  the  bedrooms. 
Atwell,  the  f  hrimper,  had  been  ill  with  diarrhooa  a  few 
days  previously. 

There  was  one  striking  exception  to  the  general 
poisoning  amongst  the  consumers  of  the  shrimps,  which 
at  first  appeared  to  indicate  accidental  poisoning  of  the 
shrimps  during  the  cooking  process.  A  sister  of  AtwelFs 
purchased  some  shrimps  of  him  in  an  uncooked  condi- 
tion, boiling  them  herself,  and  this  woman  and  her 
family,  who  partook  of  the  shrimps,  did  not  suffer  any 
ill  effects.  She,  however,  said  that  the  shrimps  were 
covered  with  a  parasitic  attachment  of  a  gelatinous  cha- 
racter, which  was  not  uncommon  at  this  period  cl  the 
year,  and  that  she  was  particular,  as  taught  by  her 
father,  in  cleaning  the  shrimps  from  this  attachment. 
Afterwards  it  was  discovwed  that  another  sister  of 
Atwell  had  idso  bought  shrimps  of  him  in  an  uncooked 
concUtion,  but  two  members  ol  this  family  who  partooK 
of  the  shrimps  suffered.  Again,  a  neighbour  of  Atweirs 
who  had  caueht  some  shrimps  at  a  different  part  of 
the  shore,  boued  them  in  AtwelFs  pan,  using  the  same 
water,  and  he  and  his  family  ate  t&ese  shrimps  with- 
out any  bad  results.  This  accidental  poisoning  of 
the  shrimps  during  the  boiling  process  coiupl  no  longer 
be  considered  tenable,  as  the  cause  of  the  mischief, 
inasmuch  as  some  of  the  shrimps  not  boQed  by  Atwell 
produced  poisonous  results,  and  shrimps  caught  by 
another  man  were  boiled  in  the  same  water  and  pan 
and  were  eaten  without  bad  results.  It  is  a  matter 
of  regret  that  none  of  the  implicated  shrimps  could  be 
obtained  for  analytical  and  microscopioal  examination, 
and  thus  evidence  which  could  probably  have  proved 
of  the  greatest  value  was  wanting  to  complete  the 
data  on  which  to  base  an  opinion  as  to  the  cause  of 
the  mischief.  I  have  to  be  content,  therefore,  to  re- 
cord the  facts  which,  as  stated  above,  are,  I  believe, 
accurate  and  capable  of  being  substantiated. 

I  will  merely  observe  that  some  cases  of  poisonins 
came  under  my  notice  during  1883,  which  appeared 
to  be  due  to  the  eating:  of  mussels  in  a  raw  state, 
which  had  been  caught  at  the  mouth  of  the  Bamsgate 
sewer.  I  have  also  been  informed  that  a  number  of 
people  in  a  Bavarian  village  were  iioi^oned  bv  eating 
crabs  tainted  with  sewage.  Further,  that  at  Dungar- 
van,  on  the  south-east  coast  of  Ireland,  where  some 
people  were  poisoned  bv  eatinpr  cockles,  those  fish 
were  found  to  have  att  ached  to  them  aj  parasitic  fun^i 
(sic),  as  was  also  the  casfe  in  another  instance  of  poi- 
lioning  following  the  use  of  cockles  and  oysters. 
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ROYAL  COMMISSICN  ON  SEWAGE   DISPOSAL 


Hon. 

Pelkam, 

M  May  10OL 


EXHIBIT  n.— SEWER  OUTFALLS  ON 

FORESHORE. 


AB6TKACT  OF  Casbs  in  which  the  Board  of  Trade  either 
refused  or  spranted  a  conditional  consent  to  constmc- 
tion  of  works  on  foreshore. 

1900—1901. 


In  CtoognphicAl  order  N.E.  to  N.W. 


Name  of 
Applicant. 


^iccail  Urban 
DUtrlct  Coun- 
cil. 


Locality  of 
Oatfall. 


Action  taken  bjr  Board  of  Trade. 


At    Barlby   on 
AiTerOoae. 


Sheriugham  and 
Calstor  Hotels 
and  Land  Com- 
pany, Limited. 


Caistor 


Walton -on -the- 
Kaca  Urban 
District  Coun- 
cil. 


WiTenhoe  Uiban- 
ntstrlct  Coun- 
il. 


Sumham  •  on- 
Crondi    tertian 
IMatrioi  JoandL 


Walton 


AlTer  Colne 


Bnmham 


Board  of  Trade  contented  on  Council 
undertaking  (1)  to  carry  out  the 
works  (sepuo  tank,  etc.)  shown  on 
plan,  and  such  further  works  as 
might  be  necessary  to  limit  the 
discharge  of  efBuent  to  the  ebb 
tide,  and  (2)  to  comply  with  any 
standard  which  the  Boyal  Commis- 
sion on  Sewsge  Disposal  in  their 
Beport  might  set  up  in  respect  of 
sewage  works  in  a  similar  situa- 
tion. 


Board  of  Trade  consented  on  con- 
dition (1)  That  end  of  sewer  should 
be  marked  by  a  beacon  or  buoy  if  re- 
quired ;  (i)  That  no  sewsge  should 
be  discharged  on  flood  tide;  (S) 
That  the  sewer  should  not  be 
utilised  for  dlwbarge  of  sewage  or 
other  matter  from  any  area  or 
premises  not  shown  on  the  plan. 


The  Council  at  Ihrst  proposed  to 
discharffe  the  sewaoe  into  Walton 
Channel,  but  the  Board  of  Trade 
refused  to  consent  on  fishery 
grounds.  An  amended  scheme  was 
then  submitted,  under  which  the 
discharge  would  be  into  open 


The  Board  thereupon  consented  on 
condition : 


(1.)  That  pipe  should  commence 
at  a  specified  point  on 
shore  north  of  tne  break- 
water and  terminate  at 
low  water  of  O.  S.  tides. 


(2.)  That  septic  and  storage  tanks 
be  constructed. 


(8.)  That  afllnent  be  dischaiged 
on  ebb  tide  only. 


Consent  given  on  Council  undertak- 
ing:— 

(1.)  That  outfsll  sewer  should 
be  open  to  view,  and  that 
eflluent  should  be  open  to 
inspection  by  oflicers  of 
the  Board  of  Trade,  Cor- 
poration of  Colchester, 
and  of  the  Colne  Fishery 
Board,  duly  authorised. 

(2.)  That  the  Council  would  keep 
a  record  of  the  condition 
of  the  efllnent,  and  execute 
such  further  works  as  may 
be  necessary  to  comnty 
with  any  standard  wmch 
the  Boyal  Commission  on 
Sewsge  Disposal  in  their 
Report  may  set  up  in 
respect  of  sewage  works  in 
a  umilar  situation. 


Board  of  Trade  were  of  opinion  that 
scheme  did  not  sufficiently  safe- 
guard shell-fish  interest. 

Pipe  would  be  of  small  cajpacity  and 
low  gradient,  discharging  Into  a 
ereek  at  line  of  high  water,  and 
would  be  tide  lo^ed  at  high 
water. 

It  was  suggested  to  CouaoU  tliat 
level  of  outfall  should  be  raised 
and  point  of  discharge  placed 
more  directly  under  the  influence 
of  the  ebb  tide.  DIschaige  of 
effluent  should  commence  about 
time  of  high  water  and  terminate 
not  later  than  two  hours  before 
low  water.  ProTlsion  to  be  made 
also  for  storing  the  sewsge  between 
times  of  dischaige. 

Oounell  were  asked  to  re-consider 
their  scheme. 


Name  of 
Applicant. 


Isle  of  Tbanet 
BLral  District 
Council. 


Blean  Rural  Dis- 
trict Council. 


Southampton 
Town  CounciL 


Portland  Urban 
District  Conn* 
cU. 


Plympton  St. 

ICary  Rnral 

District  Coun- 
cU. 


J.  Ford,  Bnq. 


Locality  of 
Outfall. 


BIrchlngton 


Hampton,  near 
Heme  Bay. 


Extension  of 
outfall  in 
River  Itohen. 


Action  takm  by  Board  of  Tjrsdr. 


Isle  of  Portland 


River 


Iver  Phrm  at 
Longbndge. 


River  Yealm, 
NewtOD  Fer- 
rers. 


Board  of  Trade  declined  tooomsent 
to  use  of  foreshore,  as  they  were 
of  opinion  that  the  sewer  ootfsll 
would  be  a  source  of  possible 
danger  to  the  oyster  and  mussel 
beds  over  or  near  which  the 
effluent  would  be  dischafiged. 

The  point  of  dischaige  was  placed 
above  ordinary  low  water  mark, 
and  the  mussel  beds  extend  for  a 
considerable  distance  beyond  it 
seawards.  There  is  littte  tidal 
current,  and  even  if  the  outfall 
were  exteaded  seaward  the 
effluent  would  be  liable  to  be 
cairied  inshore  by  wind  or  tide, 
llie  Board  of  Trade,  while  not 
disputing  the  value  of  the  bacterial 
treatment  to  which  it  was  pro- 
posed to  subject  the  crude  sewsge 
matter,  felt  that  there  must  be  a 
risk  in  oertain  citonmstanoes  that 
sewsge  which  was  not  innocuous 
might  escape  from  the  tanki. 
Further,  if  permission  was  once 
granted  to  construction  of  th*« 
outfall  the  Board  of  Trsde  would 
have  no  power  to  enforce  any 
alteration  of  the  works.  Never- 
theless, the  Board  have  expreised 
their  wHlingnees  to  oonslaer  any 
modified  scheme  which  the 
Council  may  submit. 


The  Council  applied  to  the  Local 
Government  Board  for  sanctlou 
toa  loan  for  sewerage  purposes ;  an 
inquiry  was  held  and  the  fisher- 
men and  the  Local  Fisheries  Com- 
mittee for  the  Kent  and  Esrax 
district  strongly  opposed  the 
scheme.  In  reply  to  a  request 
for  their  observations  the  Boud 
of  Trade  informed  the  Lousl 
Government    Board    that     they 

Ssthered  that  it  was  proposed  t<» 
ischarge  crude  sewage  into  the 
sea  at  all  states  of  the  tide,  and 
that  having  regant  to  the  proximity 
of  shell  fish  beds  and  to  the  set  of 
the  currents  in  the  locality  the 
objections  on  fisherv  grounds  were 
entitled  to  very  serious  considpm- 
tion. 


Consent  given  on  Council  under- 
taking :— 

(1)  That  effluent  shall  be  diti- 

charged  only  within  period 
between  two  boors  before 
commencement  of  ebbing 
tide  and  thirty  minutes 
before  following  low 
water. 

(2)  That  works  shaU  be  open  at 

all  reasonable  tlmea  to  In- 
spection by  officers  of  the 
Board  of  Trade. 


Objection  was  taken  to  site  of  one 
of  the  outfalls.on  fisheiy  grounds. 
Fresh  plans  were  submiUed  and 
the  Board  of  Trade  consented  U* 
the  construction  of  the  outfsll  on 
a  site  where  the  tidal  ctniditloiis 
were  more  favourable. 


It  was  found  that  the  Admiralty 
licence  would  provide  that  ih» 
solid  matter  should  be  dischaiged 
and  that  the  effluent  ahovld  be 
innocuous;  the  Board  of  Trade 
therefore  consented  on  condl- 
tion:— 

(1)  That  discharge  should  take 

place  between  one  h<wr 
before  high  water  and  two 
hours  before  low  water. 

(2)  That  power  of  Inspection  be 

given  to  officers  of  the 
Board  of  Trade  and  Board 
of  Conservators  of  l^smar 
and  Plym  fishery  district. 


Boaitl  of  Trade  consented  on  con- 
buttons  following :— 

(1)  Pipe  to  be  carried  beyond 

end  of  pier. 

(2)  Sewage  to  be  discharged 

only  on  ebb  tide  and  at 
least  one  hour  before  low 
water. 

(8)  Sewage  matter  to  be  stored 
during  time  diaoiiaige  is 
stopped. 

i«}  Indicator  to  be  provided 
showing  position  of  sluice 
valvea. 

(i»)  Works  to  be  open  to  in- 
ncjtion  by  oAoers  of 
Local  Authority  or  Board 
of  Trade. 
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Namoof 
AppUctnt. 


Locidltjr  of 
OatfalL 


Vcwnham  Urten 
IHftrietOoimcn. 


New  ontfall 
in  Seyem  at 
Nownham* 


Uaaelfy     TTrlMui 
District  OooDea 


AberyitwithCor- 
ponttioD. 


Barry  Piort  ■■*  # 


Oonnali's  Quay 
Urban  Diatriot 
Council. 


Iiower  Babington 
Urban  Ditnict 
Ctoundl. 


Vlyerslon  Urban 
Diatrlct  Ooiin- 
dl. 


VlyerttoD  Urban 
Diitriot  Ooon- 
oil. 

^nth  Weatmor- 
landBnralDla- 
trict  ConnoU.i 


Sztaniion  of 
ontf^  at 
Aberystwltb. 


Birer  Dee,    at 
€k>nnah'8  Quay. 


BiverMeneyat 
BromborooiKiL 


Birer   Eea,  in 
oooneotion 
with  Oark  Sew- 
erage. 


BlTer  Dnddon, 
at  Foxfleld. 


Blyer  Bela,  at 
Milntborpe. 


Action  talceu  by  Board  of  Trade. 


Board  of  Trade  oonaented  on 
Gonncll  undertaking  that  the 
yolome  of  sewage  dfadiarged  from 
the  new  ontfall  should  not  exceed 
that  at  present  discharged  by  the 
existing  sewer. 

In  this  caae  the  Board  of  Trade 
departed  from  their  usual  prac- 
tice of  requiring  the  sewage  to  be 
r rifted  before  discharge,  but 
so  doing,  they  were  solely  in- 
fluenced l^  the  assurance  given 
by  the  Council  that  it  was  not 
proposed  to  discharge  an  increased 
volume  of  sewage.  Should  it 
prove  impracticable  for  the 
Council  to  comply  with  theif 
undertaking  the  Board  of  Trade 
would  feel  it  necenary  to  require 
that  a  proper  system  of  filtration 
should  oe  adopted,  and  that  the 
effluent  should  be  dischaig^  on 
the  ebb  tide  only. 

Board    of    Trade    consented    on 
condition  :— 

(1)  Sewage  to   be  previously 

treated  by  septic  system. 

(2)  Sewage  to  be  discharged 
only  on  ebb  tide  and  not 
less  than  two  hours  before 
low  water.  [Council  also 
undertook  on  their  own 
initiative  to  empty  stor^ 
age  tanks  within  an  hour 
ox  raising  the  valves.] 

(3)  Automatic  Indicator  to  be 

provided. 


Board    of    Trade 
condition  :— 

a) 


consented    on 


Sewage  not  to  be  dis- 
charged except  between 
high  water  and  two  hours 
before  oessaUon  of  out- 
flowing stream  from  the 
harbour. 
(2)  Indicator  to  be  provided. 

An  Inspector  of  Fisheries  inspected 
site  of  works,  and  in  accordance 
with  his  recommendations  tiie 
Board  of  Trade  declined  to  consent 
to  the  use  of  the  foreshore  unless 
the  scheme  were  accompanied  by 
adequate  measures  for  purifying 
the  effluent. 

Consent  given  on  condition :~ 

'(1)  Sluice  valve  of  storage  tank 
not  to  be  opened  except 
during  ebb  tide. 

(2)  Automatic  indicators  to  be 
provided. 

(8)  Works  at  all  timea  to  be 
subject  to  inspection  tay 
offloers  of  the  Mersey  Con- 
servancy. 

Council  informed  that  Board  of 
Trade  could  not  consent  unless 

(1)  Provision    was    made    for 

purification  of  effluent 

(2)  Council    constructed    such 

storage  tank  or  tanks  aa 
might  be  necessair  to 
secure  that  the  discharge 
should  only  be  on  ebb  tide 
between  hlgli  water  and 
two  hours  before  low 
water. 


ditto 


ditto. 


As  it  appeared  that  a  modification 
of  scheme  was  conteniplated  by 
the  Council,  the  Boara  of  Trade 
suggested  to  the  Local  Govern- 
ment Board  whether  effect  could 
not  be  given  to  the  repiesentations 
of  the  Board  of  Salmon  Conser- 
vators for  the  river  by  subjecting 
the  sewage  to  treatment^  and  by 
discharging  the  effluent  on  the  ebb 
tide,  unless  under  any  amended 
scheme  the  outfall  was  carried 
further  down  the  estuary  and 
discharged  under  such  conditions 
as  would  reduce  the  objections  to 
its  being  discharged  untreated 


EXHIBrr  m.-POLLUTION   OF  SALMON 

RIVERS. 


SPEcncsN  Cases  in  wliich  the  Board  of  Trade  have 
conununicated  with  the  Local  Oovenunent  Board. 


SevefD' 


Wye 


Usk 


Tnat 


-•»- 


Worcester  sew* 
age. 


Monmouth  sew- 


Pollution  at  Bre- 
con by  sewsge 
from  ChrisVs 
College. 


T^ent 


Trent 


Fish  poisoning 
from  refuse  dls 
charged  from 
works  of  Hard- 
man  and  Com- 
waj,  on  Ford 
Green  Brook, 
Milton. 


Pollution  of  Eo- 
clesboume  bv 
Wirksworth 
sewage. 


Pollution       by 
Nottingham 
sewage. 


InlSOSand  again  in  1800,  Mr.  0.  B. 
Fryer,  Inspector  of  Ftsharles, 
made  an  affldavit  regarding  the 
pollution  of  the  Severn  by  the 
sewer  outfalls  at  Worcester. 

(This  was  In  connection  with 
the  proceedings  instituted  by 
the  Local  Government  Board 
against  the  Corporation.) 


Communications  were  addressed  to 
the  Local  Government  Board  in 
connection  with  representations 
made  by  the  Wye  Fishety  Board  in 
1806w  An  inquiry  waa  held  and 
the  original  scheme  wss  much 
altered.  The  Wye  was  not  to  be 
taiterfered  with,  and  the  sewage 
effluent  to  be  purified  before  iti 
discharge  into  the  Monnow,  a 
tributanr  of  the  Wye. 


In  1895  the  Board  of  Trade  for- 
warded to  the  Local  Government 
Board  a  complaint  received  from 
the  Conservators.  The  Local  Go- 
vernment Botfd  endeavoured 
without  success  to  induce  the 
Brecon  Corporation  t  >  act  in  the 
matter,  but  in  1807  the  Conserva- 
tors reported  that  the  college 
authorities  had  at  last  taken  sa- 
tisfactory steps  to  prevent  pollu- 
tion. 


In  1806  the  proceedings  instituted 
against  the  firm  by  the.  Trent 
Fishery  Board  failed  because  Uie 
defendant  alleged  that  he  had 
used  the  best  practicable  means 
within  a  reasonable  cost  to  render 
the  matter  harmless. 

cf .  Blvers  Pollution  Prevention  Act, 
1878,  Section  0. 

In  1000  the  Fishery  Board  com- 
plained to  the  Board  of  Tirade  and 
the  matter  was  referred  to  the 
Local  Government  Board,  who, 
after  considering  the  report  ox 
their  Inspector,  decided  to  refuse 
an  application  from  the  Stafford- 
shire County  Council  for  consent 
to  prosecute  the  owners  of  the 
works. 


In  July,  1000,  the  Fishery  Board 
called  attention  to  this  matter  and 
an  Inspector  of  Fisheries  visited 
the  place.  His  report  waa  com- 
municated to  the  Local  Govern- 
ment Board,  who,  In  turn,  refemd 
the  Fishery  Board  to  the  power  to 
institute  proceedings  under  the 
Bivers  PoUuticm  Prevention  Acts^ 
explaining  that  the  Local  Govern- 
ment Board  had  no  power  them- 
selves to  enforce  those  Acts. 


In  July,  1808,  the  Conservators 
called  attention  to  the  serious 
destruction  of  fish  in  the  river, 
"thouands  of  fish  of  all  kinds 
for  many  miles"  being  killed.  A 
representation  was  made  to  the 
Local  Government  Board  in  the 
matter,  and  again  In  1808  in  con- 
nection with  an  application  ^ 
the  Corporation  for  a  Provisional 
Order  to  enable  them  to  acquire 
additional  land  for  a  se»sge  farm. 
In  1800  and  1001  the  Local  Govern- 
ment Board  sanctioned  loans  for 
the  Sewerage  Scheme  on  condition 
that  the  Town  Council  would  not 
at  any  time  allow  unpurified  sew- 
age to  pass  into  the  river. 

But  the  Conservators  say  the  ef- 
fluent is  often  voiy  had. 


Hon. 
T.  H.  W. 
Pelham, 

May  lOOL 
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EXHIBIT  IV.— Spbwimkn  Cases  'of  Complaints 
received  from  Salmon  Fishery  Boards  regarding  Pol- 
IntioQ  of  Tidal  Waters. 


nahtfT 
DUtrioL 


Stream 
Affected. 


Farticulan  of  Complaint. 


Idao 


Bd6D 


lABe 


Lone 


Ogmofe 


Rliymney 


UftIC 


B«fereiioe 
Aathoritj. 


Ogmore 


Rhymney 


AfOD 

Uwyd. 


Exe 


Stomr 
(Eeeez). 


Torkaihlre 


Tyne 


Eze 


Gipping 
and  Or- 
well. 


Owe 


Tyne 


The  Board  of  Co>ieerTaton  fre* 
quently  complain  of  tbe  pollution 
caused  by  the  sewage  of  Carliale, 
which  in  dry  Bummerv  prerented, 
it  was  believed,  th^  sen  trout  and 
herllngs  from  running  freely. 

In  1898  the  Conserrators  complained 
tif  the  pollution  of  the  river  by 
sewsge  and  other  matters  dis- 
charged from  Lancaster,  the  Oas 
Works,  Lune  Mills,  and  Boval 
Albert  Asylum.  In  the  following 
year  tJiey  applied  to  the  Local 
Government  Board  for  an  Order 
declaring  the  estuary  to  be  a 
"stream"  within  the  meaning  of 
the  Blvers  Bollution  Prevention 
Act,  but  the  application  was  not 
granted. 

Pollution  caused  by  sewage  from 
Bridgend.  'V'requent  complaints 
were  received,  and  in  1897  the 
Fishery  Board  represented  that 
the  pollution  was  most  serious 
and  increased  from  year  to  year. 
The  Board  of  Trade  communicated 
with  the  Local  Government  Board 
in  the  matter  and  ascertained  that 
a  sewerage  scheme  was  in  contem- 
plation. This  scheme  has  been 
commenced  and  will  be  completed 
this  year. 

In  1887  the  Local  Government 
Board,  on  the  application  of  the 
Board  of  Conservators,  issued  an 
Order  determining  the  tidal  waters 
of  the  Bhymuey  to  be  a  stream 
within  the  meaning  of  the  Rivers 
Pollution  Prevention  Act  1876  ;  in 
their  annual  return,  for  that  year 
the  Conservators  stated  that  the 
Act  was  unworkable  and  useless. 

The  Conservators  in  their  annual 
returns  frequently  refer  to  tbe 
pollution  of  this  stream  and  suc- 
ceeded in  obtaining  the  grant  of 
an  Order  from  the  Local  Govern- 
ment Board  declaring  the  tidal 
waters  to  be  a  "stream." 

Pollution  by  sewsge  from  Exeter. 
The  attention  of  the  Board  of 
Trade  was  drawn  to  the  matter  in 
1896  by  the  Board  of  Conservators. 
Inquiries  were  hSld  by  the  Local 
Government  Board  in  that  year 
and  again  in  1900.  The  nutter  is 
still  pending. 

In  1892  and  in  the  annual  return  for 
1808  ihe  Board  of  Conservators 
reported  that  very  offensive  matter 
was  discharged  fh>m  tanneries  into 
tidal  waters  at  Ipswich,  which  it 
was  believed  stopped  the  ascent  of 
migratory  trout. 

Barbly  Sewerage  Scheme.  —  The 
Board  of  Conservators  strongly 
objected  to  the  discharge  of  crude 
sewage  into  the  river  under  the 
scheme. 

In  1895  the  Board  of  Conservators 
stated  that  Pollutions  increase 
each  year  in  number  and  intensity, 
owing  in  great  measure  to  the 
extended  use  of  disinfectants; 
during  the  Icmc  drought  in  summer 
numbers  of  fish  were  killed  by  the 
sewage  in  the  upper  tidal  waters, 
and  were  taken  and  seen  along  the 
river  down  to  the  sea.  This  wu 
caused  by  the  floed  tide  forcing 
the  accumulated  sewage  during 
the  hours  of  low  water  up  to  the 
upper  parts  of  the  tidal  basins 
where  there  was  no  fresh  water  to 
dUute  it." 

In  1887  )he  Clerk  to  the  Conserva- 
tors reported  that  the  caustic  soda 
used  to  disinfect  Byker  Bum  was 
carried  into  the  Trne  by  a  small 
flood,  with  the  result  of  destroying 
all  tile  fish  in  eleven  miles  of  tide- 
way. 


SSrd     Rep., 

p.  27. 
84th     Rep., 

p.  28. 
SOth     Rep., 

p.  26,  Ac. 

F/H/7019/96. 

89th     Rep., 
p.  40. 


87th     Rep., 
p.  48. 

7060/96. 


89th  Rep. 


1924/96. 


SSrd     Rep. , 

p.  60. 
85th     Rep., 

p.  66. 


14580A)0. 


1066/92. 

SSrd     Rep., 
p.  68. 


1119/00. 


86th     Rep., 
p.  81. 


27th      Rep., 
p.  182. 


EXHIBIT  v.— REFERENCES  TO  REPORTS  AND 
DOCUMENTS  REGARDING  EXPERIMENTS. 

Alihoogli  the  Board  of  Trade  have  never  made  in- 
leflitigationfl  with  regard  to  the  effeot  on  fish  life  of  the 
principal  constituents  of  effluents  of  sewers  or  manu- 
factories,  reference  might  be  made  as  regards  floating 
fish,  to  the  work  done  by  Nitsche  and  Tharand,  by 
Weigelt,  by  J.  Kdnig,  by  Hoppe  Seyler,  and  Duncan, 
and  by  Saare  and  Schab  ("Die  Verunreinignng  der 


Gewasser  deren  schsdlicho  fQlgen  sowie  die  Reinigung: 
Yon  l^ink  and  Schmutsswasser."  Vols.  I.  and  XL,, 
by  Dr.  K5nig),  by  Penny  and  Adam  in  Scotland  (Fourth 
Report  of  the  Rivers  Pollution  Commission),  bv  the 
United  States  Fish  Commission  in  America  (United 
States  Commissioners'  Report,  1880,  Bulletin  of  the- 
United  States  Fish  Commission,  Vol.  Y.),  and  bv  Dr. 
Houston  (Second  Report  to  the  London  County  Ooun* 
cil  on  the  bacterial  treatment  of  sewage). 

In  these  reports,  experin^ents  are  recorded  as  to 
the  effect  on  fish  of  effluents  from  paper  and  bleaching 
works,  wool-washings,  dye  works,  gas  works,  coal 
washings,  tanneries,  soda  and  potash  works,  ammonia- 
works,  flax  water,  chemicals  in  otlier  works,  and  do- 
mestic sewage. 

According  to  these  experiments,  it  appears  that  efflu- 
ents from  uie  above  sources  of  pollution,  unless  suffi- 
ciently (^uted  with  water,  will  kill  the  parent  salmon 
when  passing  through  the  tidal  waters  to  the  spawn- 
ing beds  in  uie  upper  waters,  or  smolts  descending  to* 
the  sea,  either  by  (1)  direct  poisonous  action,  or  (2) 
usin^  up  the  oxygen  in  the  water. 

With  regard  to  domestic  sewage,  J.  Kdnig  points- 
out  that  fSh  are  not  injured  by^  the  solid  matter  in 
fresh  sewage,  but  by  its  putrefaction  in  warm  weather, 
when  it  becomes  injurious,  partly  by  using  up  the  oxy- 
l(en  in  the  water,  and  partly  by  giving  off  various 
poisonous  substances. 

He  also  gives  the  results  of  Hoppe  Seyler  and  Dun- 
oaa*s  expmments  showing  lihat  oxygen  may  fall  to 
2*2  cm.  per  litre  (0^  C  and  760  m.m.),  or  about  one- 
third  of  tne  normal  without  injury  to  trout. 

8770.  (O^atmum.)  As  I  understand  the  Board  of 
Trade  have  never  done  anything  in  the  way  of  conduct- 
ing chemical  or  bacteriological  examinations? — ^No. 

8771.  And  the  Board  of  Trade  in  any  action  they* 
have  taken  have  thought  only  of  the  welfare  of  the 
fish,  I  suppose? — ^Yes. 

8772.  They  do  not  pretend  to  look  after  human- 
beings  ? — No. 

8773.  Might  one  say  generally  that  somebody 
complains  that  an  oyster  bed  is  being  damaged  by 
sewage,  and  then  you  lay  down  an  order  to  prevent 
the  nuisance? — No,  we  have  no  power  to  do  that ;  our 
real  power  only  exists  in  this,  that  as  guardians  of  the- 
foreshore  we  have  power  to  prevent  works  on  the  fore- 
shore or  on  the  bed  of  the  sea. 

8774.  {Mr.  Potoer,)  They  are  not  retrospective,  your 
powers,  as  to  sewage  disposal  ? — ^No. 

8775.  It  is  for  new  works  on  the  foreshore  only? — 
New  works  on  the  foreshore,  that  is  the  only  power  we 

.  have  got.  The  Sea  Fisheries  Committees  have  power 
to  make  by&-laws,  but  outfall  sewers  by  public  heal^ 
authorities  are  exempted  from  the  operation  of  those 
bye-laws. 

8776.  Their  bye-laws  are  retrospective  to  some  extent 
then,  with  that  exception,  are  they? — Yes,  I  suppooa- 
they  can  proceed  under  their  bye-laws. 

8777.  The  deposit  of  sludge  and  things  of  that  kind, 
I  suppose  their  bye-laws  would  affect,  would  they  notf 
— The  words  of  the  Act  are: — ^"For  prohibiting  or 
regulating  the  deposit  or  dischaive  of  any  solid  or  liquid 
substance  detrimental  to  sea  fish  or  sea  fishing."  £ut 
Section  13  of  the  Act  says  :  "  Nothing  in  this  Act  shall 
authorise  a  Local  Fisheries  Committee  to  make  any 
bye-law  affecting  any  power  of  a  sanitary  or  other  local 
authority  to  discharge  sewage  in  pursuance  of  any  pow^r 
given  (by  a  general  or  local  Act  of  Parliameat  or  by  a 
provisional  order  confirmed  by  Parliament." 

8778.  That  is,  Fishery  Committee  bye-law  could  not 
affect  power  the  authority  has  already  exercised ;  but 
could  such  bye-law  affect  prospective  action  of  the  local 
authority  ? — ^Yes,  I  think  sa 

8779.  Would  you  give  the  reaaoney  IMt'.  Pelham,  for 
the  exemption  of  certain  a^^as  from  by-laws?  Theare 
are  some  exempted  in  thd  Thamee  below  the  Mouse 
light-ship,  the  Mouse  rand,  and  then  again  there  are^ 
certain  exempted  areas  in  regard  to  Sussex,  Lanca- 
shire, West  Cumberland  distriotsu  How  did  exemptions 
come  aJbout? — I  am  afraid  I  could  not  answer  that;  T 
take  it  that  there  were  oertain  places  where  it  was  con* 
sidered  that  the  deposit  of  refuM  and  slud^  wouJd  not 
be  injurious. 

8780.  I  think  prolbaibly  in  tbe  case  of  the  Thames  it 
was  the  sludge  from  the  Cross  Ness  and  Barking  out- 
falls?—Yes,  I  think  so. 

8781.  I  know  that  fishermen  said  it  {interfered  with  the 
sprats,  but  as  to  these  other  places,  was  it  for  similar 
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xeasons  that  certain  areas  were  exempted? — In  some 
•caeett,  if  I  remember  right)  the  Admiralty  wiaibed  certain 
jplaoee  to  be  exempted.  Thegr  ivdahied  their  oooitnGton 
tp  be  able  to  put  stuff  down. 

87B2.  {Chairman,)  There  ie  just  one  question  aa  to 
Hie  Jaw  I  would  like  toask  you.  The  13th  Seoticn  of  the 
^ot  to  which  you  huve  referred  prmdea  ae  lolkywa. 
'*  NothiDg  in  thda  Act  ehall  authorise  a  local  fiaheries 
committ^  to  make  any  bye-law  affecting  any  power  ol 
Mb/e  sanituy  or  other  local  authority  to  dischaige  sepwa^ 
in  puransfioe  of  any  power  given  07!  a  general  or  local 
Act  of  Parihament,  or  oy  a  jxrovisional  orc^r  confirmed  by 
Parliament "  But  supposing  that  the  power  of  the 
sBQctacy  or  other  local  authonty  arises  not  from  any 
general  or  local  Act  of  Parliament,  or  any  provisional 
•order  confirmed  by  Parliament,  but,  lor  instance,  siu|^- 
posing  it  arises  from  old  custom,  thien  you  would  har«« 
^  power  of  interference,  I  suppoee  7-~*This  relates  to  byp 
laws,  not  the  power  of  the  ij^oard  of  Trade.  I  shovd 
just  mention  that  in  the  first  plaee,  bub  I  suppoae  your 
lonlship  refers  to  the  power  to  make  a  bye-law  when 
the  bye-Ianr  couikt:  apply  7 

8783.  Yes,  quite  so?— -Well,  I  take  it  that  dis- 
charge of  sewage  woiild  be  always  under  eoAher  a  general 
OT  a  local  Act,  I  take  it  iJiat  this  would  exempt  any  die- 
^shaige  of  sewage  by  a  public  health  authority.  My 
impression  is  that  the  bye-law  coold  not  control  disdiaige 
by  a  statutory  authority. 

8784.  Well,  but  I  stbouitd  think  -prdhMj  thevs  are 
many  cases  of  aeiwege  being  dascihaiged  acooraing  to  old 
•custom  without  any  special  law  at  all? 

8785.  (Mr.  Potcer.)  Yes,  there  would  be  many  instances 
in  which  the  sewage  of  a  place  discharged  by  many  out- 
falls into  tidal  water,  and  by  way  of  experiment  ihe 
authority  might  seek  to  combine  all  these  into  one  out- 
fall. Then  Uiey  would  come  under  the  bye-law  of  new 
-works,    would   they  not? — No,  they   would  not  come 

under  the  bye-law,  they  would  have  to  apply  to  the 
Board  of  Trade  for  permission  to  put  works  on  the  fore- 
shore, and  then  we  should  try  to  control  it  to  some 
extent;  but  I  tske  it  that  the  bye-^Law  of  the  loeal 
fisheries  committee  would  not  relate  U>  any  discharge 
of  sewage  by  statutory  authorities. 

8786.  Dieoharge  of  sewage  in  any  way? — I  thdi^  not. 
You  see  it  is  under  a  general  Act,  and  I  take  it  that 
their  discharging  sewage  as  the  Urban  District  Council 
they  would  be  acting  under  the  Public  Health  Act,  tihat 
is  a  general  Act. 

(Sir  Michael  Foster.)  Lord  IddesleigVe  question  was 
rather,  were  there  no  places  where  from  old  time 
a  certain  amount  of  sewage  had  been  deposited  into 
tidal  water  without  any  sanitary  authority  naving  been 
established  to  direct  it. 

(Mr,  Power,)  Quite  so,  from  old  times? 

8787.  (Chairman. )  Yes  ? — ^I  should  say  that  in  the  case 
•of  a  farmhouse  discharging  into  a  creek  the  bye-law 
might  apply,  but  that  if  it  was  dealt  with  by  the  Urban 
District  Council  or  by  the  Rural  District  Council,  then 
the  discharge  would  be  under  a  general  Act.  A  par- 
ticular outfall  is  not  authorised  by  the  Act,  yet  it  is  a 
statutory  authority  discharging  sewage  under  a  general 
Art,  under  general  powers. 

8788.  (Sir  Michael  Foster.)  I  suppose  the  theory  ia 
that  in  such  cases  matters  are  arranged  for  by  that 
authority — ^the  local  authority? — Quite  sa 

8789.  And  that  the  Fisheries  Committee  need  not 
interfere  ?— It  would  be  very  undesueUe  thai  the 
Fisheries  Committee,  who  are  not  a  very  edbstantial 
body  generally,  sbouild  be  trying  to  control  discharges 
by  the  local  sanitary  authority. 

8700.  And  moreover  there  is  no  need  for  their  inter- 
vention, because  the  public  health  is  guarded  by  the* 
local  authority? — ^I  am  afraid  the  local  authorities  do 
not  consider  very  much  what  becomes  of  the  sewage 
after  it  is  once  in  the  water ;  it  goes  avray  from  their 
district,  and  whether  it  injures  oysters  three  miles  off 
in  somebody  else*s  district  they  do  not  much  care. 

8791.  Then  in  that  case  you  have  power  to  intervene? 
— "Soy  I  do  not  think  we  have.  We  have  only  power  to 
intervene  in  this  way,  that  we  can  sanction  as  the  fore- 
shore authority,  or  prohibit  the  erection  of  the  outfall 
sewer,  and  we  try  to  attach  conditions  sometimes ;  we 
have  no  power  to  enforce  them. 

8792.  A  case  in  this  point,  that  for  some  time,  we 
will  say,  it  was  a  small  place,  and  relatively  a  amall 
•quanti'ty  of  serwage,  and  that  was  doing  no  damage  to  the 
mreshore,  but  there  is  an  increase  of  the  population,  or 
there  is  some  change  in  the  amount  or  in  the  nature  of 


the  sewage,  and  in  consequence  of  that  damage  is  done,       uwi. 
say  to  the  oyster  beds  and  so  on.    Have  you  not  power    '^'-  B-  w. 
to  intervene  in  ithat  case  7 — No,  unless  th^  come  to  ua       _JL"^ 
and  ask  us  for  an  enlargement  of  the  sewer.  8  ytnj  1001 

8793.  (Mr.  Power.)  New  works,  in  fact? — ^New  works. 

8794.  (Sir  Michc^l  Foster.)  If  there  are  new  works, 
and  sack  a  diange  would  probabhr  neoessBtate  maw 
works,  then  it  is  safeguarded? — ^Yes,  but  we  eh^uld 
find  it  very  difficult  to  enforce,  where  we  had  alreiftdy 
sanctioned  sometliing  years  ago  and  the  thing  had  been 
foing  on  we  should  find  it  very  difficult  to  refuse  an 
improvement,  very  difficult  indeed. 

8795.  (Mr.  Power.)  And  that  alteration,  althougjii  not 
possiblv  the  best,  is  infinitely  better  tUan  what  obtainedl 
before? — Quite  so,  that  very  often  happena  Qua 
Fiebery  authority  we  have  no  powers  except  to  sanc- 
tion bye-lawB  by  the  local  8ea  Ficdieriee  Committees, 
who  cannot  touch  the  sewers ;  qua  owners  on  behalf  of 
the  Crown  of  the  foreshore,  we  have  power  to  pro- 
hdbit  any  work  on  liie  foreshore,  in  some  parts  of  ^ig- 
land,  not  aH  parts  of  England. 

8796.  (Sir  Miehad  FosUr.)  Not  all  parts?— The  fore- 
shore is  vested  in  us  where  it  was  vested  in  the  Woods 
before  1865,  but  there  is  a  good  deal  saved  to 
the  Woods.  There  is  a  good  deal  nested  in  the 
Duchy  of  Cornwall  and  a  good  deal  in  the  Duchy  of 
Lancaster,  and  a  Rood  deal  of  foreshore  is  vested  in 
private  owners,  we  nardly  know  how  mucb,  by  ancient 
grants  from  the  Crown,  and  there  we  have  very 
little  control.  They  have  to  come  to  us  in  the  case  of 
new  works.  In  the  interests  of  navigation  it  is  very 
difficult  for  us  to  say,  "You  shall  not  put  your 
sewer  there  because  yon  are  going  to  injure  oysters," 
wben  we  have  only  got  control  of  navigation. 

8797.  (Mr.  Power,)  You  say,  Mr.  Pelham,  that  no 
works  can  be  constructed  on  the  foreshore  or  bed  of 
the  sea  without  the  Board  of  Trade's  consent :  is  that 
guA  navigation?— That  relates  to  where  the  foreshore 
belongs  to  the  Crown,  and  is  under  the  control  of  tbe 
Board  of  Trade. 

8798.  (Sir  Michad  Foster.)  Have  you  any  idea  wbat 
is  the  portion  of  the  whole  fcnreshore  which  comes 
under  your  care  in  that  way ;  is  it  one-half,  or  two- 
tbirds,  or  what? — ^I  should  say  rather  more  than 
that.  Of  course,  all  Lancashire  and  Cornwall  are 
excepted.  The  Woods  have  also  kept  to  themselves 
every  part  of  the  shore  whicK  is  opposite  Crown 
proper^,  and  the  private  rights  are  very  difficult  to 
ascertain.  We  constantly  are  tolling  people  that  tht^ 
Crown  has  a  primd  facie  right  to  the  foreshore,  and 
you  must  not  do  anything  there  till  you  prove  your 
claim,  but  until  some  question  arises  people  do  not 
claim  the  foreshore,  and  then  we  have  to  refer  some- 
times to  the  law  officers,  and  we  admit  the  claim  if 
they  make  out  a  good  case,  or  sometimes  we  file  an 
injunction. 

8799.  (Major  General  Carey,)  Have  tbe  Board  of 
Trade  had  evidence  at  any  time  that  crude  sewage  is 
injurious  to  the  life  of  sea  fish?— Our  impression 
is  that  crude  sewage  is  not  injurious  to  sea 
fish,  except  where  it  is  discharged  in  the  immediate 
neighboumood  of  shell  fish,  and  there  the  injury 
is  not  so  much  directly  to  ihe  shell  fish,  but  is 
to  the  person  who  may  eat  the  fish  raw,  the  fish  possibly 
containing  germs  of  poison,  or  possibly  the  water  in 
which  the  fish  is.  A  man  may  swallow  the  fiish  raw, 
and  therefore  may  take  in  the  poison. 

8800.  (Professor  Bamsay.)  Has  there  been  any 
evidence  before  the  Board  of  Trade  as  to  whether  chemi- 
cally purified  effluents  have  any  action  of  the  kind  yon 
mention  ? — ^No,  we  are  very  anxious  for  evidence  on  tiiat 
point,  very  anxious  indeed.  In  one  or  two  cases  in 
which  we  have  lately  corresponded'  with  the  !Local 
Qovernment  Board  we  have  asked  for  some  aiurarance 
fhnn  the  Local  Gk>vernment  Board  that  the  effluent 
would  not  be  injurious  to  human  life. 

8801.  I  mean  through  oysters  ?-— Through  oysters,  yes. 

8802.  (Major^General  Carey.)  But  as  regards  salmon 
whidh  pass  from  the  tidal  water  into  fresih  water, 
is  there  any  reason  to  suppose  that  crude  sewage 
would  be  injurious  either  to  the  fish  themselves  or  the 
persons  eating  the  fish  ?— We  have  no  evidence  that  there 
would  be  any  injury  caused  to  the  person  eating  the 
fi^  In  the  case  of  salmon,  what  we  fear  is  the  injury 
to  the  salmon  themselves.  In  some  cases  we  have  re- 
presentations made  that  the  salmon  are  poisoned^  or 
that  ti^  fish  cannot  live  in  the  water,  therefore,  they  do 
not  go  up  the  river  to  their  spawning  beds.    The  result 
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Is  that  the  river  ceases  to  <be  a  salmon  riyer ;  the  Mlmon 
cannot  get  up  to  breeds  and  theirefore  thej  do  not  oome 
even  into  the  estuary. 

8603.  With  reference  to  rivers  in  which  the  water  is 
very  heavily  polluted,  where  >the  fish  cannot  live  ?— Tes. 

8804.  Nowy  taking  the  case  of  rivers  in  which  the 
water  is  sufficiently  clear  or  sufficiently  full  of  oxygen 
to  enable  the  fish  to  live  without  detriment  to  their 
health;  would  any  objection  be  raised  to  crude 
sewage  being  discharged  into  the  tidal  water? — No, 
except  on  the  ground  that  if  everybody  else  was  to  go  on 
doing  it  the  time  might  come  when  the  amount  of 
sewage  was  so  great,  that  'the  salmon  could,  not  pass  up 
the  river. 

8806.  {Mr.  Power.)  You  speak  of  complaints,  and  you 
say  you  have  a  list  of  instances  of  representations 
which  have  been  made  to  the  Board  of  Trade  as  to  the 
pollution  of  tidal  waters  or  estuaries  ;  are  you  putting 
in  those  ? — ^Yes. 

8806.  Then,  again,  you  have  references  to  reports  of 
experiments  which  have  been  made  as  to  the  effect  on 
fish  life  of  the  principal  constituents  of  effluents.  Do 
you  put  those  in  also.  We  should  be  very  glad  to  see 
them  ? — ^Probably  I  might  hand  you  that ;  it  is  hardly 
my  evidence,  but  it  has  just  been  handed  to  me  by  the 
Chief  Inspector.  It  is  not  supposed  to  be  exhaustive  in 
any  way. 

8807.  Then  the  representations  which  have  been  made 
to  the  Board  of  Trade  in  regard  to  the  pollution  of  tidal 
waters  and  estuaries,  that  is  a  separate  matter  is  it  not  ? 
— That  is  a  separate  matter. 

8808.  {Chairman.)  Have  you  any  experience  as  to 
whether,  in  the  event  of  a  sewage  outfall  being  moved 
away  from  an  oyster  bed  the  oysters  move  after  it? — 
No ;  I  do  not  think  we  have  any  information  on  that 
head. 

88X39.  Then,  as  far  as  I  can  see,  your  pK>wer8  are  very 
limited,  because  if  any  authority  is  discharging  you 
cannot  interfere  with  them?— No,  our  powers  only 
come  incidentally,  because  we  who  are  "the  Fishery 
Authority  happen  also  to  have  for  other  reasons  the 
control  of  the  foresliore,  of  the  coast,  and  the  estuaries. 

8810.  Yes,  but  if  a  local  authority  is  already  dis- 
charging into  the  sea  you  cannot  interfere  with  them  ? 
— No,  we  cannot. 

8811.  And  your  interests  are  only  concerned  in  the 
preservation  of  the  foreshore  itself  and  of  the  fi^? — 
Yes. 

8812.  Officially  speaking,  you  care  nothing  about  the 
public  health  ?^I  .think  we  feel  that  we  ought  to  leave 
that  to  the  sanitary  authorities.  We  are  only  indirectly 
interested  in  this  way,  that  if  human  health  suffers 
there  is  a  sort  of  scare  if  it  is  attributed  to  oysters,  and 
the  trade  suffers,  and  we  do  our  best  to  protect  the 
trade. 

8813.  (Mr.  Pcnver.)  You  say  that  you  consider 
the  consent  of  the  Board  of  Trade  should  be  ren- 
dered necessary  to  any  outfall  sewen  on  the  coast  of 
estuaries  or  rivers,  whether  or  not  the  estuary  is  vested 
in  the  Board  of  Trade,  and  you  go  on  to  say,  "*ii<i» 
further,  this  Board  should  be  empowered  to  attach 
condition*  to  such  consent,  and  to  enforce  co«i4)liance 
with  such  conditions."  Were  you  thinking  of  setting 
up  a  supervision  to  see  the  condition*  that  had  been 
enjoined  were  always  observed.  Do  you  suggest  that 
the  Board  of  Trade  should  be  empowered  to  attach  con- 
ditions to  consent,  to  enforce  compliance  with  those 
conditions,  and  to  see  that  they  are  observed?— Well,  we 
should,  of  course,  have  to  act  in  those  matters  through 
the  Sea  Fisheries  Committees.  We  have  no  inspectors 
who  could  watch  the  coast  for  that  purpose,  and  we 
should  only  act  where  our  attention  was  called  to  the 
non-compliance  with  conditions  by  the  Sea  Fisheries 
Committees. 

8814.  You  would  apparently  await  representations 
from  the  coast  ? — Yes. 

8815.  (Sir  Michad  Foster.)  The  Fisheries  Commit- 
tees would  report  to  you  and  then  you  would  take 
action  ? — ^I  suppose  so.  In  certain  cases  the  Sea  Fish- 
eries Committees  might  take  action  themselves. 

8816.  {Mr.  Fcywer.)  Have  there  been  any  instances  in 
which  Lords  of  the  Manor,  at  owners  of  the  foreshore, 


have  consented  to  works  that  you  would  have 
proved-  of,  or  refused  your  consent  to?— Wefl^ 
I  can  hardly  say  that.  7%ere  have  been  a 
good  many  cases  where  Lotrds  of  the  Manor 
have  assented  to  works,  and  we  have  found 
it  out  afterwards,  and  we  have  ramonstrsted  with  then 
on  the  ground  that  they  were  asserting  their  title  to  the 
shore,  wfluoh  we  did  not  admit.  I  do  not  know  that  we 
know  of  any  cases  where  the  shore  admittedly  belonged 
to  the  Lord  of  the  Manor,  where  they  had  sanctioned 
something  which  we  should  not  have  sanctioned.  Of 
oourse,  there  are  discharges  in-  some  of  the  great  tidal 
rivers  of  crude  sewage  numbered  by  hundreds  you  mi^t 
almost  say — ^the  Ouse  'and  the  Tyne,  and  different 
rivers. 

8817.  (Mr.  Cotton.)  I  only  wanted  to  ask  Mr.  Pelham 
one  que&tion,  and  that  was  as  to  the  effect  of  all  you 
have  been  saying  uipon  Ireland?  You  have  Oie  same 
power  with  regard  to  the  foreshores  in  Ireland  that  you 
have  here  ? — ^Yes  ;  we  have  in  Ireland. 

8818.  Have  you  ever  refused  sanction  to  structural 
works  in  Ireland  on  account  of  the  sea  fishing  ?— I  think 
not.  We  have  only  very  lately  taken  up  the  question 
in  England,  and  it  was  on  account  of  repiresentations 
which  were  made  to  us  by  our  Sea  Fisheries  Commit- 
tees. 

8819.  Does  that  extend  to  Ireland?— No  that  does 
not  extend  to  Ireland.  We  have  nothing  to  do  with 
fisheries  in  Ireland,  they  are  under  the  fishery  inspec- 
tors, or,  I  think,  now  under  the  new  Agricultural  i>e- 
partment  in  Dublin.  We  have  nothing  to  do  widi 
fisheries,  so  we  do  not  hear  the  fishery  complaints. 

8820.  And  not  hearing  any  complaint,  you  would  not 
take  any  action  ? — No. 

8821.  I  mean  apart  from  danger  to  the  structural 
works  or  risk  ? — Quite  so. 

8822.  You  would  not  look  into  the  fishery  question  ? 
— No,  we  should  not. 

8823.  (Mr.  Fovoer.)  The  fishery  committees  have  only 
been  established  about  a  dozen  years,  have  they  ? — Yes, 
that  is  so. 

8824.  (Br.  Bussdl.)  Is  the  jurisdiction  of  the  Board 
of  Trade  over  tidal  foreshores  in  the  interests  of  navi- 
gation wider  than  as  owners  of  the  foreshore  ?— Yes,  it 
is  wider  in  this  way,  that  it  extends  everywhere. 

8825.  That  is  just  what  I  wanted  ;  I  thought  so? — 
Yes. 

8826.  So  that  any  proposal  to  discharge  sewage  over 
the  foreshore  one  way  or  another  would  come  to  you  ? 
— The  works  would  come  before  us,  but  we  should  not 
like  to  object  very  much  on  the  ground  of  fisheries  if 
our  jurisliction  was  only  as  to  navigation. 

8827.  Yes,  it  is  narrower ;  the  scope  of  your  inter- 
ference is  narrower  ? — ^Yes. 

8828.  Then  there  is  an  allusion  here  to  Boards  of 
Salmon  Conservators.     I  do  not  quite  understand  that 
these  aro  diff<ireint  from  the  Fishery    Vioards? — ^Yes, 
they  are  different  from  the  Sea  Fisheries  Committees. 
The  Boards  of  Conservators  look  after  particular  rivers. 

8829.  Oh,  yes  ? — In  the  interests  of  salmon.  Their 
areas  slightly  overlap  the  areas  of  the  Sea  Fisheries 
Committees. 

8830.  (Professor  Bamsay.)  What  is  meant  by  works 
on  the  foreshore  ?    Is  it,  for  instance,  a  farmer  putting 
a  drain  pipe  on  the  foreshore? — Yes,  any  inteiference 
with  the  soil  of  the  foreshore ;   even  the  removal  of 
material  would  be  a  work. 

8831.  (Dr.  lius.tell)  But  I  suspect  that,  as  a  matter 
of  fact,  numerous  villas  have  been  put  down,  and  pix>es 
stuck  out  into  the  shore  that  you  never  heard  of  at  tdl? 
— ^Very  often  ♦.bat  is  the  case. 

8832.  (Sir  Michael  Foster.)  I  suppose  the  amounit  of 
foreshore  which  is  claimed  by  the  Admiralty  is  very 
slight,  is  it  not  ?  You  said,  I  think,  that  the  Admiralty 
claimed? — No;  the  Admiralty  asked  us  to  exempt 
certain  areas  in  order  to  enable  their  contractors 

8833.  To  dump  down? — ^To  dump  down  their  stuff 
which  they  have  taken  from  the  dockyard  ports. 

8834.  That,  of  oourse,  is  a  very  limited  tihing? — ^Yes  ;. 
a  very  limited  thing  indeed. 

(Chairman.)  We  are  very  much  obliged  to  you. 
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8835.  ^Chairman.)  You  are  Dr.  Thresh,  a  Fellow  of 
the  Institute  of  Chemistry  7 — ^Yes,  I  am. 

8836.  And  Medical  Offioer  of  Health  to  the  Essex 
County  Council? — ^Yes. 

8837.  Lecturer  on  Public  Health  at  the  London  Hos- 
pital?— ^I  am. 

8838.  I  think  you  are  personally  acquainted  with  in* 
stances  of  raw  sewage  or  trade  refuse  going  into  tidal 
waters  ? — ^In  a  proof  I  sent  I  mentioned  that  in  many 
instanoee  the  sewage  is  partially  treated  before  going 
into  our  tidal  estuaries. 

8839.  Then  perhaps  you  would  give  us  a  general  state- 
ment of  your  views  ? — Simply  based  on  my  experience 
in  Essex.  My  county  is  Doiuided  on  the  east  by  the 
ocean,  and  on  the  i»outh  by  the  Biver  Thames,  and  also 
we  have  tliree  or  four  tidal  streams  which  intersect 
it.  Of  course,  most  sewage  goes  into  the  Thames  and 
into  one  estuary,  the  Barking  Creek.  That  Barking 
Creek  receives  the  sewage  of  Woodford,  Buckhurst 
Hill,  Wanstead,  Ilford,  East  Ham,  Barking,  and  then 
enters  the  Thames  at  the  creek  mouth  close  to  the 
outfall  of  the  Metropolitan  Sewage  Works,  so  that 
you  have  there  flowing  into  the  Thames  the 
partially  treated  sewage  of  tome  200,000  people. 
Then  lower  down  the  Thames  we  have  Grays  Thur- 
rock,  Leigh,  and  Southend,  all  discharging  more 
or  less  crude  sewage  into  the  river,  and  at  the  very 
mouth  of  the  Thames  there  is  Shoeburyness.  At  Shoe- 
buryness,  at  the  very  mouth  of  Hie  Thames,  there  is 
also  crude  sewage  discharged.  Most  of  the  complaints 
we  have  had  in  ^e  county  have  been  in  connection  with 
Barking  Creek,  a  tidal  creek,  which  goes  from  the 
Thames  Uirough  Barking  to  Ilford,  where  a  large 
amount  of  sewage  is  cast  into  it,  and  the  complaints  have 
chiefly  been  in  connection  with  nuisances  arising  from 
the  smell,  the  smell  being  worst  near  the  town  of  BariL- 
ing  after  it  has  received  the  sewage  of  about  half  a 
dozen  different  towns.  Then  the  sewage  of  Barking 
itself  and  of  East  Ham  is  backed  up  by  the  tide  also  aa 
far  as  Barking  town,  so  that  altogether  the  sewage  of 
about  200,000  population  practically  passes  through  the 
town  of  Barking,  or  is  washed  up  to  the  town  of  Barking, 
and  there  there  is  a  great  deal  of  stagnation  and  deposi- 
tion of  black  mud,  and  during  the  summer  months  tnere 
are  continuous  complaints  of  the  odours  given  off  by 
the  mud  and  the  river  water,  which  probably  at  some 
times  is  more  than  half  of  it  sewage  or  sewage  effluent. 

8840.  (Sir  Michad  Foster.)  More  than  half  ?— More 
than  half.  A  considerable  number  of  people  live 
round  the  quay  at  Barking,  and  here  we  have  constant 
complaints  of  the  people  suffering  from  sore  throats  and 
from  nausea  and  malaiae,  which  they  attribute  to  the 
sewage.  There  is  very  often  an  ^uvium  nuisance 
there.  I  have  assured  myself  by  visiting  frequently, 
and  I  think  that  some  of  those  complaints  as  to  ill-health 
caused  by  the  sewage  are  well  founded.  No  doubt  all 
the  complaints  are  not  well  founded,  but  the  Medical 
Officer  of  Health  there  is  a  very  enereetic  and  com- 
petent man,  and  his  invatstigations  led  him  to  the  con- 
clusion that  a  good  many  of  these  cases  of  ill-health 
there  are  due  to  emanations  from  the  river. 

8841.  What  are  the  nature  of  his  investigations  ;  how 
does  he  come  to  that  conclusion? — He  has  the  largest 
practice  in  the  town,  and  he  finds  that  certain  throat 
affections  are  more  common  there  than  they  are  in  other 
parts  of  the  town.  Of  course,  the  whole  district 
is  malodorous.  There  are  works  of  a  noxious  character. 
An  enormous  quantity  of  refuse  from  London  is  brought 
and  tipped  on  to  the  marshes  here.  The  district  is  a 
most  unattractive  one,  and  last  year  we  made  a  number 
of  experiments  in  connection  with  the  air,  microbes  in 
air,  especially  in  connection  with  these  refuse  tips,  to 
find  the  number  of  microbes  in  a  certain  amount  of  air 
in  different  parts  of  Barking,  the  result  being  that  we 
found  there  were  from  10  to  100  times  as  many  down 
near  the  river  where  the  rubbish  tips  are  than  in  tho 
town  itself  ;  but  that  was  more  in  connection  with  the 
rubbish  tips  than  in  connection  with  the  sewaga 

8842.  Well,  but  would  the  sore  throats  be  due  to  the 
rubbish  heaps  ?— Some,  possibly  so. 

8843.  Not  to  the  sewage ?— Quite  so;  only  the  sore 
throats  are,  just  at  the  part  where  the  emanations 
from  the  sewage  are  worst.  I  made  investigations 
myself  at  a  number  of  houses  here  which  aro  fairly 
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dose  to  the  rubbish  tipn,  and  I  was  rather  surpriseu    ^-  ^'  ^• 
to  find  that  there  were  no  complaints.     But  what  caused  ^**^"'*» 
that  investigation  originally  was  the  iaot  that  Barking       — ^ 
has  probdbly  the   hi^est  death   rates    from    infantile  ^  "^y  "^^a 
diarnuBa  of  any  town  in  the  country,  and  whether  it  was 
the  emanations  from  the  various  sewage  works  or  the 
emanations  from  the  rubbiah  tips,  or  something  in  the 
condition  of  the  soil  and  situation  of  Barking  is  a  ques- 
tion which  we  want  to  ascertain.  At  the  present  moment 
we  are  not  able  to  say  whether  this  is  due  to  one  or  the 
other,  but  I  found  there  were  very  few  cases  of  infantile 
diarrhoea  down  by  the  creek    near  where  the  rubbish 
tips  are ;  meet  of  them  occurred  actually  in  the  town 
of  Barking. 

8844.  Therefore  were  probably  due  to  the  rubbish 
tips  one  would  say? — I  thought  they  were  not  due  to 
the  rubbish  tips  and  not  probably  due  to  the  sewage. 

8845.  So  that  it  is  really  onlv  the  sore  throats  that 
you  seem  to  aiUrihute  to  the  sewage? — ^I  do  not 
assert  anything.  I  am  simply  stating  wnat  I  know  and 
what  I  am  informed,  thalt  round  the  Greek  there 
is  a  oonaiderable  numiber  of  people  who  suffer 
from  sore  throats  and  thai  they  attribuite  it  to  the  ema- 
nations from  the  sewage. 

8846.  And  the  Medical  Officer  of  Health  does  also? 
— And  t^e  Medical  Officer  of  Health  doee  also.  I  have 
been  there,  and  I  can  say  there  are  emanations  and 
sore  throats ;    I  cannot  assert  anything  else. 

8847.  And  not  elsewhere  ? — And  not  nearly  so  nume- 
rous elsewhere.  Notwithstanding  the  enormous  amount 
of  sewage  which  is  passed  into  the  Thames  here  1  have 
never  had  a  single  complaint  from  any  one  that  there 
are  any  emanations  from  the  river  of  an  un- 
pleasant character.  There  has  been  no  com- 
plaint from  any  medical  officer  of  health,  nor 
has  there  been  any  complaint  from  persons 
residing  near  the  river  there  of  any  nuisance 
arising  from  the  sewage  after  it  has  once  got  into  the 
Thames.  The  complaints  are  received  higher  up  before 
it  has  got  mixed  with  the  large  volume  of  Thames  water. 
Then  while  we  are  on  the  Thames  I  may  go  on  to  men- 
tion the  curious  fact  of  which  as  yet  I  have  got  no 
sufficient  explanation  that  all  dhe  districts  that 
border  on  the  banks  of  the  Thames  have  a  very  muoL 
higher  mortality  from  lyphoid  fever  than  the  other  parts 
of  the  county.  As  a  matter  of  fiact,  it  varies  from  two 
to  three  times  the  amount,  the  case  rate  and  the  death 
rate,  whichever  you  take.  And  that  is  not  an  acci- 
dental occurrence  one  year  now  and  again,  it  is  every 
year,  every  year  without  exception.  I  have  given 
in  the  table  the  case  rate  and  the  death  rate  in  the 
various  districts  which  are  bounded  by  the  Thames,  and 
in  the  remainder  of  the  county,  which  shows  that  for 
10  years,  1801  to  1900,  the  case  rate  in  the  districts  on 
the  Thames  was  1'9  per  1,000,  whereas  in  other  parts 
of  the  county  it  was  only  '83.  The  death  rate  was  *28 
and  the  death  rate  in  other  parts  of  the  county  only 
'12,  and  the  figures  shoiw  that  this  excess  occurs  every 
year. 

8848.  Do  you  know  what  the  death  rate  is  compared 
to  other  counties? — From  typhoid  fever  it  is  a  little 
higher,  1  think,  but  not  exceptionally  so,  taking  the 
whole  of  the  county.  Then  this  morning  it  struck  me 
that  there  is  another  place  in  the  county  where  sewage 
is  thrown  on  to  the  foreshore  and  I  looked  up  the 
statistics.  It  is  a  place  called  Brightlingsea.  You  have 
it  on  the  Essex  map  ;  it  is  on  the  estuary  of  the  Ck)lne. 
The  sewage  there  is  cast  on  to  the  foreshore.  It  has 
only  been  made  into  an  urban  district  within  the  last 
few  years,  so  that  I  have  only  got  separate  statistics  for 
those  years.  In  looking  up  the  reports  of 
the  Medical  Officer  of  Health  for  the  Ten- 
dring  Diatridb,  in  which  Brightlingsea  is  situ- 
ated, there  is  constant  reference  to  the  fact 
of  typhoid  fever  in  Brightlingsea,  but  he  does  not  give 
me  the  number  of  cases  or  deaths.  But  since  it  was 
formed  into  a  separate  district  I  have  got  the  nxmiber 
of  cases.  I  find  in  1807  there  were  eight  cases,  three 
cases  in  1898,  and  four  in  1899.  The  population  is 
4,474,  which  gives  us  a  case  rate  of  1*1  per  1,000  for 
the  average  which  again  is  higher  than  for  tne  remainder 
of  the  county.  But  since  the  sewage  has  been  dispospd 
of  a£ber  treatment,  which  commenced  about  a  year  ago, 
during  last  year  they  had  one  case.      I  know  the  Medical 
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Dr,  J.  c.    Officer  of  Health  in  ihat  district  had  an  impresBion  that 

7*Ara^]i.D.,  the  casting  of  the  crude  Berarage   fxom   a   nandber   of 

_       separate  outfalls  on  to  the  forediore  was  one  ol  the 

8  M«j  1901.  causes  of  typhoid  ferer  being  preralent  there  erery 

year,  and  it  may  be  a  coincidence  but  last  year,  after 

treating  their  sewage  and  only  letting  the  treated  sewage 
go  into  the  river  further  out,  instead  of  having  four 
to  eight  cases  diey  only  h«d  one  case. 

8849.  Their  water  supply  remaining  the  same  ? — Their 
wat<r  supply  ie  not  beibter  n<yw  than  it  w^as  then.  No  ;  it 
is  eacactly  the  same.  They  got  two  years  ago  a  loan  for  a 
public  water  supply,  but  the  water  is  not  laid  on  to 
the  houses  yet,  so  it  would  be  exactly  the  same.  If  i\ 
has  been  laid  on  it  has  been  done  within  the  laet  month 
or  two.  Then  if  we  take  theee  districts,  going  down  the 
Thames,  in  order,  we  find  there  is  moat  typhoid  fever 
where  tnere  is  most  mud  exposed.  If  you  nave  a  map 
showing  the  foreshore — I  have  not  got  it  all  on  one  map 
— you  will  see  that  towards  Grays  there  is  practically 
no  mud.  It  is  only  when  you  get  below  Canvey  Island 
that  you  get  this  mud  exposed.  When  you  get  beyond 
Grays  we  find  that  the  typhoid  fever  rate  goes  up  enor- 
mously. For  instance,  in  Rochford  District,  which  is 
the  extreme  south-east,  the  case  rate  is  3*3  per  1,000  ; 
in  Leigh,  which  is  an  urban  district,  just  between  Canvey 
Island  and  Southend,  it  is  6*76.  This  ie  .the  anrerage 
for  10  years,  not  for  a  single  year.  Soutliend,  which 
casts  its  sewage  without  any  treatment  on  to  the  fore- 
shore, was  4*9  ;  Shoeburynees,  which  did  the  same,  was 
9*0  per  1,000.  That  is  to  say,  in  those  four  districts 
we  luive  a  typhoid  rate  of  about  seven  or  eight  times 
that  of  the  remainder  of  the  locality,  and  the  mortality 
is  also  excessive,  and  in  about  the  same  proportion. 
At  Southend  and  Shoeburyness  and  at  Leigh,  until  just 
recently,  the  whole  of  the  sewage  was  cast  on  to  the 
foreshore  without  any  treatment  whatever. 

8850.  Leigh  is  a  place  rather  high  up,  is  it  not,  the 
village  on  the  hill  ? — ^Well,  the  old  village  is  right  down 
on  the  beach,  but  the  new  portion  which  has  been  built 
and  developed  lately  is  on  the  top  of  the  ridge  which 
runs  from  Southend  almost  parallel  with  the  Thames. 

8851.  This  takes  in  the  new  part,  I  suppose,  the 
figures  you  have  given  us  ? — This  takes  in  the  new  part, 
but  of  course  the  new  part  has  only  begun  to  be  deve- 
loped ;  within  the  last  two  or  three  years  there  has  been 
very  little  building  indeed  until  quite  recently.  I  went 
into  this  in  connection  with  water  supply,  and  I  cannot 
trace  the  slightest  connection  between  water  supply  and 
the  excessive  prevalence  of  typhoid  in  those  districts. 
Southend  has  probably  the  purest  watei*  supply  in  the 
county ;  it  is  derived  from  deep  wells  about  1,000  feet 
deep ;  at  Shoeburynees  there  hes  been  no  improvement, 
although  they  also  have  put  down  a  well  which  is  400 
or  500  feet  deep,  and  which  yi^ds  an  exceedingly 
pure  water ;  and  up  to  the  present  there  is  no  improve- 
ment in  Leigh,  although  three  years  ago  they  also  got 
a  deep  well.      Prior  to  thaib  tune  tihey  tised  shallow 

which  undoujbtedl^  were  polluted, 
whole  of  this  district  and  divid- 
into  areas  corresponding  with  va- 
supplies  it  is  shown  thet  there  is 
not  the  slightest  connection  between  them.  On  the 
other  hand,  it  appears  that  those  districts  that  have  got 
the  purest  water  supply  are  those  which  happen  to  have 
the  highest  mortality  from  typhoid  fever.  There  is 
no  doubt  these  districts  were  urged  to  get  purer  water 
on  account  of  the  prevalence  of  typhoid  fever,  thinking 
the  water  supply  had  something  to  do  with  its  pre- 
valence, but  personally  I  am  of  opinion  that  the  water 
supply  has  got  little  or  no  conneoticn  in  this  part  of  the 
county  with  the  dlisease.  Then  comes  the  question  whe- 
ther it  may  not  be  due  to  this  extensive  quantity  of  mud 
being  exposed  and  covered  from  time  to  rtime  with 
sewage,  the  discharge  of  raw  sewage  on  to  it,  or  whether 
it  is  due  to  some  o&er  factor,  and  all  I  can  sav  is  ihat 
we  have  the  fact  <that  in  theee  positions  where  there  is  a 
huge  expanse  of  foreshore  flooded  from  time  to  time  with 
sewage,  we  have  the  largest  amount  of  typhoid  fever. 
I  cannot  assert  that  there  is  any  conneotion  between  the 
two.  It  did  strike  me  that  the  experiments  which  are 
now  well  known,  mode  by  the  Italian  Alessi,  showed  tha4; 
if  you  kept  animals  in  places  where  they  were  exposed 
to  emanaitione  from  sewage,  and  afterwards  infected  them 
with  typhoid  fever,  from  00  to  100  per  cent  of  them 
died  from  the  disease,  whereas  the  same  number  of  con- 
trolled animals  kept  in  boxes  exposed  to  pure  air 
and  then  infected  wLth  the  irpihoid  bacillus,  not  one  of 
them  died.  It  seemed  therefare  that  the  mere  exposure 
to  the  emanations  from  sewage  rendered  the  system  more 
susceptible  to  an  attack  of  typhoid  fever. 
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8852.  It  would  not  affect  the  case  rate,  would  it 
The  case  rate  ?    They  could  not  ilie  from  typhoid  fever 
unless  they  suffered  from  it. 

8853.  It  might  increase  the  mortality — it  would  not 
increase  the  case  rate  ? — It  would  increase  the  case  rats 
pari  p<usu  with  the  mortality,  because,  as  a  rule,  15  to 
20  per  cent  of  those  attaoiked  die  from  ^hoid  fever. 

8854.  The  experiments  only  showed  that  when  the 
organism  was  introduced  the  animal  suffered  more 
from  it? — ^I  think  noit 

8855.  It  did  not  show  that  it  was  more  susceptible 
to  receive  the  disease.  I  do  not  think  Alessi's  experi- 
ments went  so  far  as  that  ? — Those  animals  which  were 
not  submitted  to  the  emanations  did  not  contract  the 
disease. 

8856.  Thev  were  all  given  typhoid  fever,  were  they 
not  ? — ^No  ;  I  think  you  will  find  that  was  not  tiie  case. 

8857.  They  were  rabbits,  were  they  not — rabbits  and 
guinea-pigs  ^--Bsibbits  and  guinea-pigs  and  white  rats. 

8858.  (Ch4iirman,)  Do  you  know  of  any  cases  of 
typhoid  fever  in  animals  other  than  human  beings  ? — 
No,  I  do  not.  That  is  a  subject  that  has  highly  inter- 
ested me,  and  on  which  I  have  always  been  on  tiie 
look-out  for  anything  definite.  There  have  been  state- 
ments in  American  journals,  and,  I  think,  in  Canadian 
ones,  that  animals  have  suffered  from  a  disease  which 
is  not  distinguishable  from  typhoid  fever,  but  I  know 
of  no  proof  whatever  of  any  animal  suffering  from  it. 

(Sir  Michad  Foster,)  It  was  the  increase  of  the  effects 
of  the  inoculation  after  the  treatment  by  the  sewer  gas. 

8850.  (Mr,  Power,)  It  was  an  extra  susceptibility, 
or  a  more  virulent  attack  after  sewer  gas  than  the  ani- 
mal would  have  had,  but  I  do  not  remember  the  full 
facts  ? — I\>ssih(ly,  I  cannot  give  you  the  words.  I  think 
thsft  those  thttt  were  subouitted  to  the  emanations  and 
inoculated,  were  attacked  with  typhoid  fever,  or  were 
attacked  with  somettiing  which  caused  their  death, 
whereas  the  others  whi<ii  were  not  so  exposed  were  not 
affeoted.  HWever,  I  will  look  that  up,  to  make  abso- 
lutely certain. 

8860.  (Sir  Miehad  Foster,)  Quite  so,  that  would  onlj 
in  any  case,  I  mean,  affect  the  mortality? — ^Yes,  it 
means,  as  I  take  it,  tiialt  people  who  are  subjected  to 
the  emanations  from  sewtige  would  be  more  likely  to  con- 
traot  the  disease,  (and  thereifore  in  such  districts  you 
would  have  a  larger  proportion  of  cases. 

6861.  Was  it  not  simply  that  when  the  disease  was 
introduced  into  these  animals  thery  suffered  more  from 
it? — I  think  it  was  that  the  aodmals  that  were  kept  in  a 
perfectly  healthy  condition  did  not  suffer  at  all. 

8862.  (Mr,  Power,)  AM  the  animals  that  were  not 
subjected  to  the  gas? — Yes. 

6863.  Sur^  they  are  all  susceptible  to  inoculetion 
of  the  enteric  fever  bacillus  ;  were  they  guinea  pigs  ? — 
Under  certain  conditions.  Of  course,  we  cannot  be 
sure,  but  there  is  some  justificaition  for  inferring  because 
sewer  air  has  a  certain  effect  on  raibbits  and  guinea-pigs 
it  may  have  the  same  effect  on  man ;  it  simply  raises  a 
presumption  that  there  may  be  a  possible  connection 
between  the  emanations  from  poUuited  mod  and  the  pre- 
valence of  typhoid  fever  neac.  The  next  point  raised  is 
whether  some  of  the  excessive  prevalence  may  not  be  doe 
to  the  eating  of  shell  fish  picked  up  on  the  sewage  polluted 
foreshore,  and  in  my  county  we  have  had  a  good  many 
small  outbreaks  which  have  been  attributed  to  the  eating 
of  shell  fish  picked  up  gdl  the  sewage-polluted  foreshore 
near  the  Thames  mouth.  I  was  first  led  to  suspect  there 
was  some  connection  between  oontaminated  shell  fish 
and  typhoid  in  1894,  when  I  had  three  successive  cases 
oif  typhoid  at  Bumhiaim.  The  Bumham  sewage  practically 
untreated  ran  into  the  river  just  below  the  town,  and  im- 
mediately above  and  below  there  are  the  oyster  Isfyings. 
These  men  had  been  working  near  those  layings. 
In  connection  with  those  I  could  not  find  anything  eke 
excepting  the  eating  of  the  shell  fiifh  that  would  account 
for  the  disease.  From  that  time  I  was  oonstantily  on 
the  look-out  for  anything  of  tftie  kind.  Elarlier  than 
that  even  I  came  aaross  oases  of  people  who  hadi  been 
down  to  Southend  for  one  day  and  aibout  three  weeks 
after  they  have  returned  home  had  suffered  from  typhoid 
fever ;  ^hat  is  a  well-known  fact,  because  nearly  every 
medical  officer  in  the  county  has  had  cases  at  one  time 
or  another,  and  a  few  years  ago  especially  I  had  many 
letters  from  medical  officers  in  London  stating  that  they 
had  got  patients  suffering  from  tyj^oid  fever,  who 
had  been  down  to  Southend  about  three  weeks  before, 
and   sugge0faing  that   there  was   some   connection    be- 
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tween  the  two.  It  certainly  was  singular  tlhat  these 
people  diould  go  down  there  and  he  there  for  a 
few  homsi  and  contraci  the  diseMe.  I  remember  very 
well  a  poJiceman,  a  hale,  Btiong,  hearty  man,  who  went 
down  to  Soathend,  and  about  three  weeks  afterwards  he 
succumbed  to  the  disease,  and  I  found  he  had  been  eat- 
ing these  cheap  oysters  whioh  they  can  get  there  for  very 
lit/tie,  and  I  nare  a  very  strong  suspicion  that  a  gooa 
deal  of  typh(»d  fever  which  has  occurred  amongst  the 
people  who  visit  there  has  been  due  to  their  liaving 
eaten  shdl  &&  wliile  they  were  at  South-end.  Then  in 
1805  the  Medicatl  Officer  of  SoUthend  referred  to  this  in 
his  annual  report.  He  recorded  five  cases  which  he  attri- 
buted to  the  people  having  eaten  oysters  which  had  been 
taken  from  tlie  foreshore.  In  1897  the  Medical  Officer 
for  Colchester  referred  to  four  cases  whbdh  he  attributed 
to  eating  oysters  from  .tiba  BngjhtHngsea  k^dngs  which 
at  that  time  were  senoualy  expoeed  to  pollution.  I 
visited  the  pit  from  which  theeo  oysters  had  been  taken, 
and  found  that  every  tide  that  came  up  brought  a  cer- 
tam  amount  of  eewage  actual^  into  th^  pat.  The  Medi- 
cal Officer  for  the  Tendring  District  had,  I  think,  seven 
eases  at  St.  Osyth.  All  these  peiBone  had  eaten  oysters 
which  had  been  brought  from  BrightLingeea  by  a  sales- 
man, a  hawker  who  comes  round  every  night  from 
Brig^tUngsea  to  the  villages  around.  There  were  seve- 
rai  cases  there,  every  one  of  whom  had  had  some  of  these 
cheap  oysters  just  aibout  the  time  tha^t  they  became  in- 
fected by  the  fever. 

8864.  (Mr,  Power.)  At  that  time  the  ooodition  of  the 
oysters  in  Brightlingsea  was  about  as  bad  as  ainywhere 
an  your  county,  the  sewage  cast  on  the  foreshore  going 
direot^  into  the  pite  and  out  aflain  ?— iNb,  not  diirect  into 
tihe  pits,  but  on  to  the  foreshore  and  afterwarde  into 
the  pits.  Every  time  the  tide  came  up  it  went  with  the 
tide  into  the  pits  ;  Hhem  could  not  be  any  quest'.on  about 
thttL 

8865.  (Sir  Michael  Foster,)  Did  you  examine  any  of 
the  (^ters  ?— Yea,  I  did.  I  do  not  remember  that  I 
made  anything  out  of  them  at  that  time  beyond  detect- 
ing the  presence  of  bacillus  coli;  I  did  very  little  at 
them  then.  I  have  tried  a  great  many  times  to  detect 
the  typhoid  bacillus  in  the  presence  of  B.  coli,  and  I 
have  not  been  snooessful ;  one  has  not  enough  leisure. 

8866.  (Mr.  Power.)  Did  you  make  any  estimate  of 
the  water  as  to  the  proportion  of  sewage  to  sea  water 
in  whioh  the  oysters  were  steeped  ^No. 

8667.  It  might  have  been  a  vory  large  proportioni  of 
it  sewiage? — ^I  do  not  think  eo  because  the  sewage 
was  coming  in  from  a  number  of  very  small  drains; 
it  was  not  coming  in  all  at  one  place.  Some  of  these 
places  like  Bfdghtlingsea  had  no  water  supply  at  that 
time  and  only  a  flmall  portion  of  the  nouses  were 
connected  with  sewors.  At  anv  time  there  was  not  a 
large  quantity  of  sewage  going  down.  I  never  saw  more 
than  perhaps  the  thiokness  of  two  fingers  godng  down 
that  drain,  so  that  the  proportion  could  not  be  large. 

6868.  (But  it  would  trickle  in  at  low  wiater? — No,  it 
camo  down  by  the  side  of  the  pit,  and  when  the  tide 
came  up  and  reached  the  pit  some  of  it  must  have  mixed 
with  the  sea  water  and  got  in  with  it. 

8869.  On  the  flood  tide  you  think  iib  went  in  7— Yes. 
Again  I  find  in  1896  that  the  Medical  Ofiicer  for 
Southend  extends  his  views  rather  and  includes  amongst 
shell-^fish  which  have  probably  caused  l^hoid  fever 
both  cookies  and  mussels.  Cockles  are  very  ^entiful 
round  the  coast  here  and  are  picked!  up.  €hdldren 
sometimes  eat  them  raw.  As  a  rule  they  are  submitted 
to  a  process  of  so-called  boil  ins  which  I  know  from  my 
own  experiments  does  not  anyUiing  like  sterilize  them, 
but  I  will  refer  to  that  affain.  In  1800  the  Medioal 
Officer  for  Clacton  reportea  five  cases  whidi  he  attrib- 
uted to  the  consumption  of  cockles,  and  these  codkles 
it  was  found  came  from  the  Orvriall  near  the  Ipswich 
sewers,  so  there  was  cveiy  probalbiflity  of  their  being  in- 
fected Then  in  1800  I  had  a  series  of  cases  at  Hey- 
bridge  Basin.  That  is  up  the  Biver  Black- 
water  near  the  town  of  Mi&ldon.  There  was 
a  mmiber  of  undoubted  cases  here  between 
April  and  August  which  did  not  seem  in  any  way  to 
be  oonneoted  together.  There  did  not  seem  to  be  any 
possibility  of  one  family  having  affeoted  anol^Sfr.  The 
water  did  not  seem  to  have  anything  to  do  with  it 
because  they  got  water  from  different  pumps ;  but  what 
I  did  find  was  that  every  one  of  the  families  had  been 
eating  cookies  which  had  been  brought  iip  from  a  little 
lower  down,  picked  up  by  some  of  the  local  people  from 
'''he  mud  exposed.  These  cockles  were  picked  up  and 
broufl:ht  into  the  hamlet  and  sold  at  a  cheap  rate.       In 
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connection  therewith  I  enquired  how;  they  were  cooked,    Dr.  j.  c. 
and    I  found   that  a  pan   is   nearly   filled  with    the  ^^'^^*^" 

cookies   and   scone   of  vhe  people  put  a    httle   water       ! 

in ;    others  do  not.      The  pan  is  placed  over  the  fire  8  May  looi. 
for  a  little   time  and    the  steam   which  is   generated  ' 

lauses  no  dou^bt  the  deach  of  the  oooUde  and  then  ths 
shell  flies  open.  If  they  steam  them  too  much  it  is  makes 
them  tough,  and  people  do  not  oare  for  them;  there- 
fore they  are  just  steamed  until  the  s'hells  begui  to 
open.  If  now  you  examine  the  shells  you 
will  find  many  of  the  oockHee  are  almost  semi-trans' 
parent,  ilf  you  put  them  into  a  stenlizer  to  sterilin 
them  you  are  bound  to  make  them  perfectly  opaque 
and  quite  toug|i.  The  result  is  that  sterilisation  is 
not  anything  near  complete.  Df  jou  take  off  0ome  of 
ths  cockles  from  the  upper  layer  in  the  pans  you  find 
that  the  liquid  simply  swanns  with  bacteria.  Ton  can 
inoculate  broth  or  gelatine  or  any  other  media  and 
obtain  an  abundant  ^owth,  showing  that  the  process  of 
steaming  st  far  as  it  is  oarried  on  does  not  sterilize 
the  cockles. 

6670.  And  were  experiments  earned  on  in  the  same 
way  with  winkdesT — ^In  the  same  way  we  made  no 
expeziments  with  winkles.     At  that  time  oookles  only 
were  suspected.    I  think  you  would  have  to  put  wAter 
in  with  l^e  winkles.     The  oookles  always  have  aceitain 
amiount  of  liquid  in  the  shells,  which  appears  to  be 
sufficient   for   steaming  them,    but  the   winkles  havs 
not.    I  believe  the  wuikles  are  done  in  exactly  the 
same  way  but  a  little  .water  is  put  in  the  bo^riwm  of  the 
pan.    Later  on  in  the  year  there  was  an  outbreak  of 
typhoid   fever   at   Shoebur3rness,  just   at  the   mouth 
of  the  Thames,  and  this  was  rather  a  larger  outbreak 
than  anything  which  I  had  been  previoueAy  connected 
with  ami  in  which  there  was  any  suspioLon  of  shell- 
fish.   >I   went  over  there   on   several  occasions.    The 
medioal  offtoer  in  the  first  place  told  me  that  he  sus- 
pected shell-fish  and  I  found  there  that  soldiers  godng 
down  to  Sboeburynees  received  instructiosis  that  they 
were  not  to  pick  no  »VaUJU\  qh  aocouut  of  the  aJleged 
danger  of  contracting  typhoid  fever,  and  I  found  also 
that  the  old  inhabitanto  will  not  eat  shell-fish  that  has 
been  picked  up  on  tfaear  own  foreshore  for  the  same 
reason.    And  ths  Mledical  Officer  of  Health  adduced 
to  me  a  number  of  instances  in  which  he  had  reason 
to  suspect  that  people  who  pioked  up  cookies  had  con- 
tractea  typhoid  fever.     For  that  reason  I  made  very 
careful   inquiries  into  this  outbreak  and  the  results 
are  given   in   a  papof  which   I  sent  I  think  to   ths    ^]^^ 
"British  Medioal  Ju>umal,"  and  a  copy  of  which  has       — 
been   sent  to  each  meonlber  of  the   Commission.    Of 
course  it  is  almost  impossible  to  prove  that  nothing 
else  could  have  caused  the  typhoid  in  this  instance, 
but  here  was  the  fact  that  the  water  supply  was  de- 
rived from  a  source  quito  without  suspicum,   that  it 
was   used  by   the   whole   of  the   parish   whereas   the 
typhoid  cases  were  confined  to  one  bdock  of  houses. 
I  searched  for  local  nuisances  and  for  possible  pollution 
of  the  subsoil,  but  I  found  that  these  were  compara- 
tively new  houses.     They  had  been  built  upon  what 
had  been  meadow  land,  it  was  not  filled  in  ground,  and 
the  drainage  arrangements  were  probably    as    good    or 
better  than  I  had  ever  seen  in  any  houses  of  that 
character.    l%e  district  having  become  urban  had  got 
a  surveyor  and  whatever  houses  were  being  built,  the 
drains  were  put  down  to  his  satifaction.    We  tested 
them,  and    fbund  them  all  quite  satisfactory.     It  was 
no  question  of  emanations  from  the  drains  which  could 
have  either  caused  the  disease  or  produced  an  increased 
susceptibility.    Those  houses  were  rather  better  class 
cottages  and  when   the  person   who  had   built  them 
got  them  oompleted  he  found  that  he  could  not  get 
the  kind  of  tenants  that  he  wished,  and  he  therefore 
had  to  let  them  to  anybody   who  would   take   them. 
There  is  a  constant  interchange  of  population  here, 
people  coming  in  for  the  brickmaking.    It  is  a  con- 
siderable industry.    Ultimately  the  owner  had  to  let    • 
most   of    tile  cottages  to  these  brickies.       One  man 
would   take   a    cottage  and   let  two   or  three  rooms 
to   another   fiamily.    fOiey   perhaps  stay  a   mon^   or 
two  and  then  again  someone  else  comes  in.    Tliere  is 
a  constant  cbapge  of  people  in  them.    Instead  of  being 
tenanted  as  they  should  be  from  their  position  by  the 
best  and  most  respectable  labourers  in  the  place,  they 
prove  to  be  the  worst  and  the  dirtiest.    There  is  one 
thing  whioh  seemed  to  apply  to  every  case,  that  was 
that  they  ate  cockles,  not  only  occasionally  Bui  almost 
every  day.     They  are  a  most  improvident  lot  ol  people. 
They  found  they  could  get  a  gooa  meal  by  sending  their 
children  on  to  the  sands,  if  you  like  to  call  them  sands, 
picking  up  cobkles.     The  children   could  go  out  and 
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Dr,  J.  0,    bring  a  quantity  home,  therefore  at  litUe  expense  thej 

2'*raiA,ii.D.,  could  get  a  meal  and  have  left  a  little  more  for  drink. 

_       Nothing  else  was  common  to  alL     With  the  excep- 

s  MMy  1001.  tiop  of  the  tenants  in  that  end  house,  they  were  all 

of  the  brickie  character   and   all   of   them   had   had 

cockles  and  in  considerable  quantdtLes.  There  was  one 
house  in  which  the  woman  insisted  that  neither  she  nor 
her  children  had  ever  had  any  cockles.  l%is  seemed 
against  the  theory  that  coekles  had  caused  the  disease 
unless  it  wns  that  they  had  been  infected  by  some  <A 
the  other  people.  On  the  second  visit  to  that  house 
the  woman  told  me  thait  she  remamlbered  distinotlyj 
as  one  of  her  children  reminded  her,  that  on  a  certain 
day  which  qhe  was  able  approximately  to  fix,  they 
had  received  some  cooked  cookies  from  their  neighbours 
next  door,  and  that  was  the  only  time  she  asserts  that 
they  had  cockles,  but  that  was  about  the  very  time 
when  they  had  become  infected.  Then  in  certain  houses 
there  were  people  who  did  not  eat  cookies,  one  o^ 
two  that  I  came  across  said  that  they  knew  or  sus- 
pected that  there  was  a  danger  in  eating  them,  there> 
fore  they  never  touched  them.  These  people  escaped. 
It  only  affected  thoee  who  had  eaten  cockles.  The 
conclusion  I  came  to  after  summarieing  the  whole  of 
the  evidence  I  was  able  to  obtain  was  that  the  most 
probable  cause  was  the  oonAOdxiiption  of  these  cookies 
which  had  been  gathered  on  the  foreshore.  These 
cockles  I  did  examine  and  I  found  both  the  bacillus 
coli  and  bacillus  enteritidis  sporogenes,  and  I  commu- 
nicated with  the  Local  Government  Board.  At  the 
Board's  request  I  sent  some  of  the  cockles  to  Professor 
Klein.  I  also  obtained  for  Professor  Klein  a  map 
showing  where  the  cockles  had  been  picked  and  the 
position  of  the  sewer  outfalls.  Unfortunately  I  did 
not  keep  a  copy  of  that  and  Professor  Klein  has  not 
returned  it  to  me. 

887L  At  Shoeburynese,  you  are  speaking  oft— At 
Shoeburyness,  yes.  During  recent  years,  of  course, 
great  improvements  have  been  made  in  the  disposal  of 
the  sewage  from  many  of  these  districts,  and  in  other 
cases  improvements  are  shortly  to  be  carried  out ;  but 
I  have  found  that  where  the  sewage,  even  raw  sewage, 
is  discharged  in  properly  selected  positions,  and  at  suit- 
able stated  of  the  tide,  that  no  nuisance  arises,  so  far  as 
we  can  observe,  that  is  to  say,  we  neither  see  the  sewage 
coming  back  towards  the  place  nor  have  we  any  emana- 
tions or  complaints  as  to  odours  arising  from  the  sewage, 
and,  of  course,  if  there  is  nothing  in  this  view  that  &e 
simple  pollution  of  the  foreshore  with  sewage  is  danger- 
ous to  health,  I  do  not  see  any  reason  that  there  should 
be  considered  to  be  any  danger  arising  from  the  casting 
of  sewage  on  to  the  foreshore — that  is,  in  suitable 
places.  If,  on  the  other  hand,  there  is  anything  in  this 
possibility  of  emanations  (although  they  may  not  be 
obvious  to  the  senses)  increasing  the  susceptibility  to 
typhoid  fever,  it  would  raise  the  question,  m  any  case 
where  there  is  an  expanse  of  mud  like  there 
is  round  here,  whether  it  is  not  dangerous  to 
cast  sewage  on  to  it.  I  have  got  here,  "  I  am  therefore 
of  opinion  that  crude  sewage  may  be  discharged  into 
tidal  rivers  and  estuaries  provided  the  volume  of  water 
in  such  rivers  and  estuaries  at  all  times  very  greatly 
exceeds  the  volume  of  the  sewage  discharged  therein. 
But  that  where  there  are  large  expansee  of  mud  flats 
alternately  covered  by  the  sewage-polluted  water  and 
exposed  to  air,  there  is  probably  a  danger  to  health, 
although  no  obvious  nuisance  may  be  caused."  That 
is  as  much  as  I  can  say  with  reference  to  that  subject 

8872.  Have  you  formed  any  opinion  as  to  the  pro- 
portion of  sewage  to  the  volume  of  sea  water  that  be- 
comes inconvenient  or  dangerous  ? — ^No,  but  it  must  be 
very  considerable. 

8873.  One  per  cent.  ? — One  per  cent,  or  less. 

8674.  Or  more?-~l  do  not  know,  I  should  think  pro- 
bably that  if  you  could  get  it  .to  one  per  cent,  that  you 
would  be  free  from  any  risk  of  nuisance.  In  the  tidal 
Blackwater,  where  the  sewage  of  Maldon  and  the 
sewage  of  Heybridge  enters,  and  at  Bumham,  on  the 
Crouch,  the  whole  of  the  sewage  would  never  amount 
to  anything  like  one  per  cent. 

8875.  Bumham,  and  where  did  you  sayl— Burnhom 
and  Heybridge  and  Maldon.  Those  are  the  three  popu- 
lous places  on  the  Crouch  and  Blackwater,  but  the 
sewage  of  any  of  these  places  would  never  be  anything 
like  one  per  cent,  of  the  rivers. 

8876l  {Sir  Michad  Foster.)  Kot  even  in  summer  f — 
Not  even  in  summer-  No,  but  when  you  get  up  the 
Colne,  past  Brightlingsea,  the  sewage  will  certainly  be 
more  than  one  per  cent,  of  the  river  water.    Beyond 


Bnghtlingsea,  the  Colne  narrows  rapidly,  and  at  low 
tide  becomes  comparatively  a  small  stream  beyond 
WyvenJioe.  The  Colne  receives  the  partially-taeated 
sewage  of  Colchester,  the  raw  sewage  of  Wyvenhoe  and 
ilowhedffe,  and  the  partly-treated  sewage  of  Brightlin«. 
sea  ;  and  we  do  get  complaints  as  to  the  smells  lurisimr 
from  that  river  during  the  summer  time,  but  in  this 
case  the  sewage  of  Colchester,  with  a  population  of 
something  like  60,000,  forms  rather  a  considerable 
portion  of  the  whole  flow  of  the  river,  especially  when 
the  tide  is  down.  ^ 

Bm.  (Mr.  Power.)  U  that  raw  sewage  or  is  it 
treated  ?— It  is  treated  with  Hme  at  first.  Briirhtlinir. 
sea  sewage  is  now  treated,  although  it  was  not  tilll2t 
year. 

8878.  Whet  proportion  would  the  sewage  bear  to  the 
«ea  water  at  extreme  low  water  ?--<Half  of  it. 

8879.  Half  of  it  ?  60  per  cent.  1-^U  varies  very  much 
from  what  I  have  seen  at  Wyvenhoe  «t  low  water.  Soms- 

wf  J'^'J  ''*''  ^^""^^  ^^^  **^^°««'  o^ly  wetting  the 
bottom  of  your  shoes;  at  other  timee  at  low  w«^  it 

may  be  nearly  a  foot  deep  so  that  at  low  water  in  the 
river  it  varies  very  considerably. 

8880.  Is  the  Colchester  sewage  discharged  at  all 
states  of  the  tide  W  believe  it  k  dischaJS^Sw 
ously,  as  far  as  I  can  remember ;  of  course,  they  are  now 
going  in  for  an  entirely  different  scheme. 

.  ??t  ?'^®y.^^t*!*^^®^^'^*«*«"^«*»v»*liey?-Ye8, 
and  I  believe  it  is  before  your  Board  at  the  present  time 
or  has  been  sanctioned  by  them,  I  do  not  know  which! 

88ffi.  For  bacterial  treatment?-^  think  it  is  bacterial 
treatment,  to  supplement  their  present  treatment 

.n^fL^®^'  present  treatment  is  a  precipitation  treat- 
ment?-Yes,  of  course  Colchester  la  niturally  very 

itf  fi""^  ^J^""^'  and  has  made  so  many  complainto 
about  Brightlingsea  and  Wyvenhoe,  that  Brightlingsea 
and  Wyvenhoe  have  said  in  retaliation,  "  Well,  you  are 
compelling  us  to  cleanse  our  sewage,  why  do  you  not 
cleanse  your  own  ?  "  Below,  it  is  not  so  iK>UutBd.  and 
there  are  no  complaints.  Where  we  dk>  get  oomplaints 
IS  from  above.    When  it  becomes  mixed  with  such  a 

\^^Lr}^^  5  •  '^?*®''  ^^i^J^  Brightlingsea  there  are  no 
longer  any  indications  of  it.  Some  time  ago  I  did  take 
samples  of  the  river  water  above  and  below  Biightlinfl- 
T^  ^^l  .  pollution  below  was  so  smaU  that  I  could 
find  little  indication  of  it. 

..^^  ^^^^\'^^^^^^^^&^^—^hoYe  and  below,  yet 
Although  much  crude  sewage  or  partially-treated  sewage 
IS  cast  onto  the  various  estuaries  and  rivers  around  the 
coa^  here,  never  until  recently  have  I  heard  any  com- 
plaints about  it  from  the  owners  of  shell  fish.  I  think 
that  had  any  injury  axisen  to  the  shell  fish  itself  from 
casting  this  raw  sewage,  or  partiaUy-treated  sewage 
into  the  efrt^uaraes,  we  should  undoubtedly  have  heardof 
it,  but  no  complaint  of  any  kind  was  made  until  after 
it  had  been  discovered  that  Aell  fish  might  spread 
typhoid  fever.  Then  only  the  scare  occurred  among  the 
oyster  merchants. 

8886.  (flhairman.)  When  was  that  discovery  made,  do 
you  know  ^-1896, 1  think  it  was— 18M  or  1886. 

3886.  (Mr.  Power.)  You  mean  at  the  Wesleyan  Col- 
lege ? — At  the  college,  yes. 

8887.  (Chairman.)  Then  before  that  time^  was  there 
no  suspicion  that  oysters  could  convey  typhoid  fever?— 
No,  there  was  not.  I  had  never  even  seen  it  hinted 
anywhere. 

8888.  An<|  do  you  know  anythibg  aibout  whether 
typhoid  fever  has  increased  of  late  years  in  the  county  I 
— I  do  not  think  it  has ;  no,  my  figures  do  not  show  that 
typhoid  fever  is  on  the  increase. 

8889.  (Mr.  Power.)  In  1894,  at  the  Wesleyan  College, 
Connecticut,  October,  1894?— Yes,  1894. 

8890.  (Chairman.)  Going  back  30  or  40</ears,  do  yov 
suppose  there  was  as  much  tyx>hoid  fever  then  as 
there  is  now  ?— When  you  get  bade  that  length  of  tim< 
the  statistics  begin  to  be  unreliable^  3l)  or  40  yean 
ago  this  district  was  very  malarious,  all  this  portion  of 
Essex  round  the' coast  and  especially  that  portion  bor- 
dering on  the  l^ames,  and  it  is  quite  oertein  that  the 
fevers,  malarial,  and  typhoid,  were  not  separately  re- 
cognised.    Everything  then  was  put  down  to  fever. 

8891.  They  were  not  distinguished  ? — No,  only  a  small 
proportion  of  those  would  be  typhoid  fever.  It  is  only 
within  comparatively  recent  years  that  one  has  diag- 
nosed that  disease  with  sufficient  certainty  to  have  been 


MINUTES  OF  EVIDENCE. 


501 


able  to  keep  the  itatistics  separate.  Another  point 
that  was  raisad  was  with  reference  to  discharging  into 
tidal  waters  effluents  which,  if  judged  from  the 
ehemioal  stuiidards  alone,  are  satisfactory,  but  which 
contain  a  larve  number  of  bacteria  common  to  aewage. 
That  raises  tne  question  in  a  measure  of  the  modem 
systems  of  sewage  treatment,  because  the  only  ways  in 
which  the  sewage  can  be  treated  so  that  it  praotioally 
contains  all  the  sewage  organisms,  and  yet  is  considered 
to  be  good  chemically,  I  think  are  those  in  ii^ich  the 
sewage  haa  been  submitted  to  bacterial  treatment.  I 
have  been  more  interested  in  the  question  in  connection 
with  water  supplies  than  with  sewage,  and  for  some 
time,  now,  when  examining  sewage  effluents  from  any 
source,  it  we  get  a  particularly  good  one  chemically, 
we  mi\  it  with  sterilised  water,  and  see  to  what  extent 
we  have  to  dilute  it  before  we  cease  to  recognise  it. 
That  is  how  far  we  have  to  dilute  it  before  wo  can  cease 
to  detect  the  enteritidis  sporogenes  or  the  bacillus  coli. 
All  these  bacterially-treated  effluents  contain  most  of 
the  organisms  of  raw  sewage  from  which  they  are  pro- 
duced. I  think  the  reduction  rarely  comes  to  50  per 
cent. 

8892.  (Mr,  Power,)  The  bacillus  coli  ?— Therefore,  as 
you  get  millions  of  them  in  a  cubic  centimetre  of  sewage, 
you  still  get  milkons  of  them  in  the  effluent,  which 
chemically  is  quite  satisfactory.  The  impression,  there- 
fore, that  I  have  is  this,  that,  so  far  as  snell  fish  ii  con- 
cerned, such  an  effluent  is  almost  as  dangerous 
ae  the  raw  sewage  itself.  In  some  respects 
it  may  probably  be  more  so.  I  have  got  here  sewage 
which  has  been  submitted  to  bacterial  treatment  by 
passing  through  septic  tanks  and  through  coke  beds, 
which,  idthough  non-putrescent  and  chemically  of  a 
satisfactory  quality,  yet  contains  nearly  as  many 
organisms  as  the  crude  sewage.  These  organisms  are 
probably  the  same  as  those  that  are  in  the  crude  sewage, 
at  least  I  have  always  found  therein  the  coli  bacillus 
and  the  bacillus  enteritidis  sporogenes  in  large 
numbers.  I  regard  this  effluent  as  being  as  dangeiroas 
as  the  evil  smelling  ones,  or  as  the  raw  sewage.  So  far 
as  shell  fish  pollution  is  concerned,  these  effluents  being 
not  nearly  so  likely  to  cause  a  nuisance,  their  dangerous 
character  may  for  this  reason  be  overlooked. 

8895.  Do  you  think  they  are  as  virulent  in  the 
effluent  as  in  the  raw  sewase  ?— Upon  that  queetion 
I  have  not  the  sUghteet  evidence  to  offer,  and  I  do 
not  see  how  we  can  get  it  for  many  years  to  come.  Of 
course,  it  is  a  serious  matter.  It  must  affect  certain 
districts  in  Essex  where  the  sewage  goes  on  to  the  fore- 
shore. It  haa  long  been  a  question  what  should  be  done 
wi^  the  sewage  Wore  it  is  allowed  to  be  discharged. 
If  you  submit  it  to  bacterial  treatment  you  cer- 
tainly purify  it  to  this  extent,  that  if  it  gets  on  to  the 
foreshore  it  wiU  cause  no  nuisance  from  decomposition, 
you  will  get  no  offensive  smells  from  it,  but  so  far  as  I 
know  we  have  not  the  slightest  reason  to  believe  that 
there  is  any  less  danger  to  the  shell  fish  that  may  be 
exposed  to  it.  It  is  a  subject  which  I  think  will  have 
to  be  investigated  in  some  way.  If  it  could  be  settled 
it  would  be  a  very  important  point 

8804.  Have  you  any  suggestion  as  to  dealing  with 
such  effluents  to  prevent  their  deleterious  effect  by 
leason  of  their  oonitaining  thoee  organisms  ? — ^The  only 
suggestion  is  that  it  shotdd  be  carried  out  to  sea  suffi- 
ciently far  to  get  very  largely  diluted,  or  if  in  a  tidal 
river  that  it  shcMild  be  cast  into  it  at  such  a  point  as  to 
ensure  that  it  will  always  get  diluted  to  a  certain 
amount,  say,  1  per  cent.  In  any  case  it  should  be  taken 
right  away  below  the  low  water  point,  and  discharged  at 
such  a  position  that  it  is  not  likely  to  come  near  any 
shell  fish  layings,  and  I  think  that  if  you  cannot  get  the 
sewage  away  either  treated  or  untreated  without  atrect^ 
ing  the  shell  fish  layings,  the  shell  fish  layings  should 
be  abandoned. 

8895.  But  you  are  including  now  the  cockles,  which 
are  widesprwid  all  over  the  foreshore?— Yes ;  these 
you  could  prevent  being  picked  for  sale,  although  not 
by  private  individuals. 

8896.  You  would  have  to  prohibit  gathering  cockles 
within  certain  areas  ?— Yes,  as  is  being  done  at  South- 
end. 

8897.  Not  from  artificial  layings  ?— I  think  they  have 
got  bye-laws  prohibiting  anyone  picking  shell  fish  on 
certain  porticos  of  the  foreshore. 

8898.  Any  shell  fish  ?— Yes,  any  shell  fish. 

8899.  (Sir  Michad  Foster.)  For  eating  purposes  that 
is  to  say?— Yes,  with  regard  to  cockles  there  are  no 


artificial  layings.    I  do  not  know  what  may  be  done    dt.j.c. 
ekewhere,  but  towards  Leigh  they    bring    up    large  ^**^*-^» 
quantitiee  of  cockles  and  lay  them  in  the  bed  of  the       ^^ 
river.  8  Mij  nxn. 

8900.  (Mr.  Power.)  In  the  creek? — ^Yee,  they  are  not 
laid  there  for  growth ;  th^  are  not  cultivated  you  may 
say. 

8901.  The  vast  majority  that  are  collected  for  market 
are  out  of  the  sands  far  and  wide,  are  they  not? — ^Yes  ; 
then  they  are  brought  to  a  place  like  Leigh  probably, 
and  there  stored  in  the  sea  water  close  to  the  merchant- 
men's place  until  such  times  as  they  are  wanted  for 
market. 

8902.  And  then  they  are  boiled  at  Leigh?— They  are 
— at  Leigh  moet  of  them  are  boiled.  To  places  near 
Leigh  such  an  enormous  number  of  people,  fond  of  shell 
fieh,  comes  down  from  London,  that  Leigh  carries  on  a 
large  trade  in  these  cockles.  They  are  boiled  wholesale 
for  the  people,  and  are  taken  chiefly  to  Southend  and 
Shoeburynase,  and  are  sold  there.  They  are  sold  on 
plates  or  put  into  bottles  and  pickled.  I  think  if  thisy 
were  pickled  with  vinegar  they  would  be  all  rights  but 
it  is  those  which  are  simply  lx>iled. 

8903.  (Sir  Midiad  Foster.)  Boiled  in  the  way  in  which 
you  described  juat  now  ? — That  are  dangerous. 

8904.  (Mr.  Power.)  Are  mussels  consumed  in  the 
same  way  by  visitors  and  residents  as  the  cockles? — 
Yee,  but  not  quite  to  the  same  extent  as  cockles ;  but 
there  is  a  very  large  number  of  them  sold  in  the  summer 
time  at  Southend ;  you  will  find  dozens  of  people 
with  barrows  selling  oysters  in  some  cases,  but  all  of 
them  cocoes  and  mussels.  Three  musseb  for  a  penny, 
I  think,  and  perhaps  20  or  30  coddes  for  a  penny. 
They  are  sold  already  boiled  and  put  on  to  these  plates ; 
the  trade  in  them  is  something  enormous. 

8905.  (Chairman.)  Have  you  taken  a  great  many 
analyses  of  these  effluents?— The  sewage  effluents  as 
they  go  into  the  creeks? 

8806.  Yes  ;  when  you  say  you  always  find  the  bacillus 
ooli  and  the  eoteritidis  have  you  taken  a  great  maoy 
analyses? — ^Merely  to  ascertain  the  presence  of  those 
organisms  we  have  done  hundreds.  Since  Professor 
Klein,  some  three  or  four  years  ago,  in  a  report  which 
was  prepared  for  the  Local  Government  Board,  showed 
that  bacillus  enteritidis  could  be  discovered  in  a  cer- 
tain way,  and  that  it  was  always  present  in  the  London 
sewage,  I  have  regarded  it  as  being  probably  a  way  in 
which  I  coald  distinguish  between  a  contaminated  water 
and  one  which  was  not  conibaminated.  There  is  no 
doubt  there  are  numbers  of  waters  which  by  chemical 
analysis  we  cannot  say  are  absolutely  free  from  con- 
tamination, and  I  have  been  constantly  working  with 
the  object  of  finding  some  method  by  which  we  could 
detect  a  slight  amount  of  contamination.  Many  raw 
sewages  you  may  dilute  with  1,000  of  pure  water,  and 
then  by  chemical  analysis  you  could  not  say  that  it  was 
sewage  contaminated,  but  by  bacteriological  examina* 
tion  you  could  detect  it  to  a  certainty,  even  when  further 
diluted,  simply  by  searching  for  bacillus  coli  and  bacil- 
lus enteritidis. 

8907.  Did  you  ever  consider  the  queetion  of  sterilising 
these  effluents? — ^Yee,  I  have  ;  and  I  have  experimented 
with  it  idso,  and  I  came  to  the  conclusion  that  there 
were  only  two  ways  of  doing  it  which  were  at  all  likely 
to  be  practicable,  and  one  was  b^  adding  lime  in  rather 
considerable  excess  60  to  70  grains  pes:  gallcm,  and  the 
other  was  by  adding  from  15  to  20  grains  of  chlorinated 
lime.     I  am  not  sure  which  is  the  better  way. 

8908.  Did  you  try  any  experiments  yourself? — ^Yes, 
we  are  trying  on  a  large  scale  at  the  Ilford  works  with 
chlorinated  lime,  and  their  effluent,  so  far  as  we  can 
manage  it,  is  dosed  with  frt^n  10  to  20  grains  of 
chlorinated  lime  per  gallon,  and  generally  is  nearly 
sterile. 

8909.  You  put  the  lime  into  the-  effluent? — ^Yes,  as  it 
flows  from  the  works  there  is  a  large  tub  into  which 
chloride  of  lime  is  put,  a  certain  quantity  of  water  mixed 
with  it,  and  then  the  solution  is  allowed  to  dribble  into 
ijie  effluent.  It  then  ffoes  down,  I  should  think  a  mile,  in 
the  close  culvert,  ana  then  gets  into  the  river  ;  indeed, 
at  the  end  of  the  time  it  is  thoroughly  mixed,  and  when 
we  get  a  sample  there  after  receiving  this  chloride  of 
lime,  we  find  that  it  is  practically  sterile. 

8910.  (Sir  Michad  Foster.)  Free  from  spores  of  en- 
teritidis ? — Not  alwavs  ;  no,  I  am  afraid  that  that  is 
wber«  it  would  break  down,  but  it  is  so  difficult  to  be 
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l>r.  /.  c.    Bure  that  we  have  got  anj  exact  quantitj  of  chloride  of 
TArMft,M.D.,  lime,  and  I  have  not  tried  the  experimeni  with  the 
spores    of    enteritidis    taking    definite   quantitiee    of 
8  May~i8Di.  sewage  and  definite  qnantitiee  of  chloride  of  lime. 

8»11.  The  coli  was  killed  ?— The  ooli  wae  killed. 

8012.  All  9^-<Well,  we  generally  take  for  coli  1  c.c.  of 
the  effluent  and  put  that  into  about  10  c.c.  of  phenol 
brothy  and  incubate.  It  is  not  destroyed  in  every  case, 
but  in  the  majority  of  oases.  In  some  oases  for  some 
reason  or  other,  there  are  quantities  of  organiame 
preeenit  Whether  it  is  that  it  haa  not  got  enough 
chloride  of  lime  in  it  or  not  I  do  not  know. 

8813.  (Mr,  Power,)  But  you  deal  with  a  whole  cc. 
in  each  experiment? — ^Yes.  My  object  at  Ilford  was 
to  prevent  nuisance  arising  from  the  smell ;  it  was  not 
really  to  eterilise  it,  but  I  foand,  contrary  to  what  I  ex- 
pected, I  had  not  only  destroyed  the  smell  but  when  the 
sewage  was  put  into  the  incubatore  and  kept — ^we  often 
keep  it  for  weeks — ^that  the  sewage  did  not  acquire 
any  odour  again.  I  quite  expected  that  the  chlorine 
would  disappear,  and  the  aewage  would  then  putrefy. 
To  my  surprise  it  did  not.  Then  I  made  further  experi- 
ments, and  I  found  that  it  was  practically  sterile. 

8914.  (Professor  Bamsay,)  Have  you  made  trickl  of  any 
other  ateriliser  ?— We  tried  permanganate  of  potash.  I 
believe  these  are  alL  Tou  see  you  are  limited  so  by 
the  cost.  There  is  practically  only  permanganate  and 
lime,  and  chlorinated  lime  that  I  think  would  be 
available. 

8915.  (Mr,  Power,)  Did  you  try  phenyl?— No,  I  did 
not  try  phenyl.  I  am  afraid  at  present  that  that  is  oat 
of  the  queation.  I  never  thought  of  it,  although  using 
it  oonatantly.  Even  to  get  1  in  10,000  phenyl  would  be 
a  very  expensive  matter. 

8016.  Expensive  ?-HEf  you  are  /treating  1,000,000 
gallons  of  sewage  a  day. 

8017.  {Ohairman.)  Would  the  lime  be  cortly^The 
lime  comee  out  the  cheapest,  ibut  the  objection  to  it  is 
chiefly,  that  it  produces  such  a  large  amount  of  sludge. 
Then  you  have  got  the  sludge  to  diapost  of.  I  do  not 
know  if  you  were  taking  that  out  to  sea,  whether  theire 
would  be  much  objection  to  it. 

8918.  Would  you  get  mnoh  sludge  if  you  only  added 
lime  to  the  purified  effluent? — Lime  to  the  purified 
effluent. 

8919.  Yee.— No. 

8920.  I  am  speaking  of  the  purified  effluent — Oh. !  I 
was  thinking  that  you  referred  to  the  raw  sewage. 

8921.  No,  I  was  asking  you  about  sterilising  the 
effluent  in  which  the  coli  appeared  9-— Tes,  well  i£ftt  is 
a  different  thing ;  I  believe  that  that  would  be  success- 
fuL 

8922.  Tou  think  lime  would  be  aucceseful  f— I  think 
so. 

6923.  And  do  you  think  it  would  <be  costly?— -Tou 
see  I  am  not  quite  sure  whether  you  would  have  to  add 
such  a  large  quantity.  It  never  struck  me  to  add  the 
lime  to  an  apparently  good  effluent  In  tiie  experi< 
mJents  which  I  made  the  addition  of  liuie  was  to  the  raw 
eewage  or  a  foul  effluent 

8924.  I  beg  your  pardon,  I  thought  you  meant  that 
you  had  experimented  with  the  lime  in  order  to  kill  .the 
coli  ? — No,  no  ;  with  an  effluent  which  waa  unsatis- 
factory chemically.  The  effluents  that  our  experiments 
have  been  made  with  at  Ilford  is  moat  unsatiefaotoiry 
chemically,  it  is  practically  raw  sewage. 

8925.  Tou  have  never  tried  with  a  purified  effluent  ? 

8926.  But  of  the  lime  could  destroy  it  in  raw  sewage,  I 
presume  you  would  imagine  it  wocdd  destroy  it  in  the 
effluent  9----I  think  so.  I  should  say  in  that  case  you 
would  not  have  the  slightest  difficulty ;  you  would  get 
no  deposit  formed,  and  you  would  get  the  sterilizing 
action. 

8927.  (Sir  Michctd  Foster,)  Tou  have  said  they  eat  a 
good  deal  of  cockles  and  other  shell  fish  at  Leigh  and 
Southend  and  Shoeburyness  ? — ^Visitors. 

8928.  Tes?— Tee. 

8929.  At  Bochf  Old,  too  ?— In  the  Eoohf ord  district 

8930.  1  am  taking  your  numlbers  ?— I  do  not  think  you 
would  find  in  the  lUwhford  district  itself,  where  visitors 
have  not  access,  that  there  is  any  shellfish  eaten  at  all. 

8931.  I  was  wondering  how  far  eafing  shell  fish  wx>uld 
account  for  the  high  case  rate  and  death  rate? — ^It  would 


only  do  it  partly.  Where  you  have  no  visitors  in  the 
other  parts  of  the  Orsett  and  Bochford  district,  it  cer- 
tainly would  not  account  for  it. 

8932.  {Dr.  BusseU,)  Disease  amongst  visitors  would 
not  come  into  the  category  of  the  product  of  Essex  ?— 
No,  many  of  the  oases  do  not,  there  is  only  a  oeruiin 
portion  tiiat  do.  There  is  not  the  slightest  doubt  that 
at  one  time  there  were  more  people  contraoted  the 
disease  in  this  district,  and  were  notified  away  from  the 
diatricty  than  in  the  district  itself. 

8933.  6o  that  the  measure  of  the  prevalence  of 
enteric  fever  in  Essex  or  these  parts  of  it  is  no  measure 
of  the  injury  caused  by  these  shell  fish  ?— Not  the  least 

8034.  (Sir  Michad  Foster.)  But  you  are  inclined  to 
think  that  in  Shoeburyness,  the  high  case  rate  and 
death  rate  from  typhoid  fever  is  partly  due  to  eating 
cockles? — ^I  think  in  part  it  must  be,  yes. 

8936.  These  brickies  as  you  call  them,  lived  under 
insanitary  conditions  elsewhere  before  they  came  to 
Shoeburyness  ?--Oh'  1  no  doubt 

6936.  iSo  that  they  migLt  have  broughi  it  with  thsm.! 
— Well,  one  family  might  have  brought  it  into  the  bloek 
of  houses,  but,  if  I  remembeir  rightly,  you  will  find  the 
family  that  was  first  infected  was  not  one  that  had  just 
come  in,  it  had  been  in  some  time.  And  there  was 
anoUier  case  which  had  occurred  just  previously  whidi 
the  medical  officer—- I  did  not  see  it— attributed  to  shell 
fish.  It  was  the  case  of  a  resident  who  had  been  in  the 
district  some  time,  and  yet  after  crossing  the  sands  here 
he  had  been  in  'the  habit  of  picking  up  either  winkles 
or  cockles  and  eating  them.  That  was  the  only  causa 
to  which  he  could  attribute  it  Of  course,  they  work, 
too,  with  very  filthy  matezdal.  The  soft  core  that 
comes  down  for  burning  in  making  the  bricks  is  very 
filthy,  and,  of  course,  that  is  handled  a  good  deaL  They 
are  not  particularly  cleanly  in  their  habits.  One 
thought  there  might  be  infection  in  that  way,  but  in- 
quiries made  amongst  the  other  brickies  showed  that 
although  they  were  using  the  same  material  in  the  same 
way  there  was  no  typhoid  fever. 

8937.  (Professor  Bamsay.)  Tou  meke  a  statement 
about  the  standard  of  i&e  Thames  Conservancy,  in- 
directly ?^-In  connection  with  Ilford. 

8988.  Ilford  satisfies  a  standard  of  the  Thames  Con- 
servancy. What  is  that  standard  ?— When  I  say  satis- 
fied them,  I  know  that  they  took  samiples  and  were  satis- 
fied with  themk  I  took  samples  about  the  same  time, 
therefore  I  judge  what  their  standard  is,  but  when  I  was 
there  some  time  ago  in  connection  with  this  Dford  work 
they  gave  me  the  figures  of  certain  effluents  which  were 
satisfactory  and  certain  whicih  were  not,  but  they 
declined  to  say  what  their  standard  was.  But  still  ft 
was  curious  in  this  case  that  while  they  were  using 
chemical  precipitants  the  sewage  went  into  the  river  in 
a  most  noxious  condition ;  it  stank  horribly,  yet  they 
were  satisfied  with  it,  but  when  they  turned  it  in  after 
it  had  been  dilorinated  until  lliere  was  no  smell,  except 
the  very  faintest  smell  of  chlorine  in  it,  and  it  would 
keep  a/pparently  for  an  indefinite  pmod  without 
smelling,  though  it  contained  rather  a  higher  amount 
of  organic  ammonia,  they  wrote  to  say  it  was  not  satis- 
factory, so  tbat  the  Ilford  people  are  between  the  devil 
and  the  deep  sea.  If  they  send  it  into  the  river  in  a 
smelling  condition  I  am  down  upon  them  as  causing  a 
nuisance ;  if  they  send  it  in  such  a  condition  that  it 
does  not  smell  and  satisfies  me  then  it  offends  the 
Thames  Conservancy. 

8989.  Have  you  met  the  Thames  Conservancy  on  the 
matter  ?— Tes. 

8940.  Is  there  no  means  of  adjustment? — ^Well,  the 
means  of  adjustment  I  think  are  these,  that  Ilford  now 
is  constructing  a  laree  main  outfall  sewer,  which  will 
bring  -their  sewage  down  to  the  Thames,  and  then, 
instead  of  sending  it  into  Barking  Creek  or  the  River 
Itodins,  it  will  go  right  into  the  Thames,  cmd  I  think 
then  Uie  Oonsezvancy  will  not  require  such  a  high 
standard  ;  in  fact,  I  examined  some  of  the  sewage  taken 
from  the  northern  outfall  works,  London  works,  and 
some  taken  from  the. Ilford  works,  and  there  was  very 
little  difference  in  them  ;  so  that,  no  doubt,  if  they 
expect  the  same  standard  for  each  they  will  let  the 
Ilford  sewage  go  in  without  any  further  treatment  and  I 
believe  that  is  the  real  reason  why  the  Thames  Conser- 
vancy has  taken  no  further  action.  Ilford  are  doing 
all  thai  they  possibly  can  in  the  time,  and  these  works 
the  being  rapidly  pushe<l  forward. 

894L  Is  it  not  necessary  that  'the  typhoid  fever  should 
come  from  somewhere.    It  is  a  ridiculous  question  to 


MINUTES  OF  EVIDENCE. 


503 


ask ;  the  germi  must  be  there  ? — It  ma j  be  a  ridiculous 
queation  to  ask,  but  it  is  one  sanitarians  are  every  day 
putting  to  themselves.  It  seems  to  be  difficult  to 
answer.  Of  course,  the  germ  cannot  arise  de  novo.  We 
believe  not.  But  whether  it  may  be  that  it  lies  donn&nt 
till  something  is  disturbed,  or  whether  it  must  be  intro- 
duced by  some  individual  I  cannot  say. 

8042.  Would  It  require  persoiifi  susceptible  by  esposure 
to  sewage? — In  the  rural  districts  it  is  most  puzzling 
to  account  for  outbreaks  of  typhoid  fever.  From  time 
to  time  we  find  outbreaks  occur  in  villages  where  there 
has  been  nothing  of  the  kind  for  yeare,  and  where  the 
most  caj:0ful  examination  fails  to  reveal  any  way  in 
which  the  microsbe  can  have  been  introduced. 

8943.  (Mr.  Fotoer.)  Or  to  prove  the  person  has  been 
out  of  the  village  ?---Or  to  prove  the  person  has  been 
out  of  the  village  ? 

8944.  I  mean  the  particular  person  attacked? — Yes, 
quite  so. 

8945.  (Professor  Bamsay.)  What  tests  do  you  gene- 
rally use  in  judging  of  the  purity  of  a  sewage  effluent  ? 
— ^Chemical  or  bacteriological. 

8946.  Chemical  first? — Practically  there  is  only 
chemical.  There  is  no  bacteriological  standard.  I 
think  the  standard  vhat  I  have  generally  taken  is  in 
parts  per  100,000,  0*1  of  albuminoid  ammonia,  and  I'O 
of  oxygen  absorbed.  If  you  get  that  it  is  fairly  satis- 
factory, but  even  then  the  effluent  will  often  be  offen- 
sive. 

8947.  You  do  not  regard  that  as  absolutely  satisfac- 
tory ? — ^Well,  it  depends  where  it  is  to  be  put.  Into  a 
stream  I  do  not  mind  at  all  if  it  contains  a  little  more 
organic  matter  if  it  has  been  treated  in  such  a  way  as  to 
be  non-putrescible.  I  lay  much  more  stress  on  the  non- 
putrescibility  of  an  effluent  than  on  the  chemical  analy- 
sis of  it. 

8948.  You  always  test  the  putrescibility  ? — ^Yee,  we 
always  put  it  in  the  incubator  for  three  days. 

8949.  Do  you  test  the  oxygen  in  the  water  ? — ^No.  We 
have  not  done  that  recently.  There  is  a  process  known 
by  my  name.  At  one  time  I  did  a  very  large  number, 
because  I  thought  it  was  going  to  help  me  in  distin- 
guishing between  polluted  and  unpolluted  wateire.  I 
carried  it  on  for  sufficient  length  of  time  to  say  it  was 
valueless  for  the  purpose.  Since  then.  I  have  rarely 
used  it. 

8950.  But  for  sewage  effluents  ? — For  sewage  effluents 
I  do  not  know  whether  it  is  really  necessary.  You  may 
get  interesting  information  from  it,  but  if  you  find  an 
effluent  is  non-putrescible,  practically  it  shows  you  that 
it  is  fairly  well  oxygenated. 

8951.  Certainly  ;  but  if  it  is  not  oxygenated,  doee  it 
not  rather  point  to  its  being  putrescible? — ^Well,  it 
would  be  a  quicker  way  very  likely  to  determine  the 
free  oxygen  in  it  than  put  it  in  the  incubator  and  wait 
two  or  Uiree  days,  but  the  one  I  think  is  very  much 
more  reliable  than  the  other.  Of  course,  one  would  not 
be  inclined  to  regard  an  effluent  as  satisfactory  if  it  was 
not  fairly  well  oxygenated,  but  even  if  you  found  after- 
wards that  by  keeping,  it  still  remains  perfectly  sweet, 
I  think  it  would  simply  mean  that  it  was  not 
oxygenated,  because  it  nad  not  had  an  opportunity  of 
absorbing  oxygen. 

8952.  Quite  so.  The  object,  of  course,  of  putting  these 
questions  is  to  try  and  find  out  whether  there  is  any 
plan  by  which  a  manager  or  workman  on  a  small  sewage 
works  could  judge  approximately  of  the  eiztent  of  puri- 
fication ? — ^I  am  i^raid  there  is  no  very  simple  method 
by  which  it  can  be  done  unless  it  is  taking  the  degree 
of  oxygenation  of  the  effluent. 

8953.  Something  of  the  kind?— Yes,  because  if  he 
has  to  wait  two  or  three  days  to  find  whether  the 
effluent  will  turn  putrid  or  not,  that  is  altogether  out 
of  the  question.  But,  as  a  rule,  I  think  you  will  find 
that  if  your  effluent  comes  out  fairly  free  from  colour 
and  free  from  odour,  it  is  going  to  be  satisfactory. 
There  is  a  disappearance  of  the  colour,  at  the  same  time 
that  there  is  a  disappearance  of  the  organic  matter,  and 
viewing  this  sewage  iihroug^  a  tmbe  of  some  little  len^ 
is  a  very  simple  and  fairly  ready  means  of  ettinnating 
the  degree  to  which  the  purification  has  been  carried. 

8954.  (Sir  Miehad  Foster,)  At  all  events  it  would 
detect  an  impure  effluent  ?>-Yes  ;  you  have  no  difficulty 
in  telling  an  impure  one. 

8955.  No,  but  I  mean  you  might  not  be  quite  sure 
that  it  was  as  pure  as  it  appeared,  because  it  was  trans- 


parent, but  if  it  was  not  transparent  you  might  be  sure   Dr.  •/.  B, 
that  it  was  impure? — Quite  so.  Thttsh^miv., 

etc. 

8956.  (Professor  Bamsay,)  Would  you  be  favourable       — 
to  allowing  any  sewage  effluents  to  pass  into  a  stream  ^  ^**^  ^^^ 
that  is  used  for  drin£ng? — ^Any  sewage  effluent?    Not 

if  I  could  possibly  avoid  it,  unless  we  devised  some 
method  of  treating  it  different  to  any  with  which  we  are 
at  present  acquainted.  Even  a  sewage  fann  effluent, 
although  at  times  it  may  be  fairly  satisfactory,  almost 
invariably  contains  a  very  large  nuonber  or  organisms. 

8957.  Which  may  be  pathogenic? — Which  may  be 
pathogenic.  Of  course,  I  believe  that  if  the  sewage 
were  simply  passed  through  land  in  suffloient  quantity 
— that  is  to  say,  you  do  not  pass  more  over  the  land 
than  perhaps  would  correspond  to  a  rainfall  of  50  inches 
in  the  year,  I  do  not  see  why  you  should  not  make  the 
sewage  as  pure  as  the  ordinary  subsoil  water.  But 
passing  it  through  in  larger  quantities  danger  always 
arises.  I  do  not  see  how  you  could  get  over  tiiat  except 
by  taking  a  laiger  quantity  of  land. 

8958.  But  for  effluents  which  are  not  admitted 
to  streams  used  for  drinking  purposes,  have  you  any 
standard  of  purity  ? — ^I  have  not,  and  I  think  that  the 
non-putreecibility  of  the  sewage  should  be  the  standard. 

8959.  Have  you  had  much  experience  of  the  working 
of  Dibdin  beds  ? — ^Well,  we  have  some  of  them  in  Essex, 
a  small  number,  none  of  them  vezy  large.  There  are 
some  at  Ilford,  some  at  Homchurt^,  some  at  Warley, 
and  we  have  got  some  at  Writtle,  and  so  on,  all  on  a 
small  scale  at  the  present  tuna 

8960.  Do  they  use  septic  tanks  or  not? — ^At  Hocn- 
church  and  at  Warley  they  have  got  septic  tanks. 

8961.  Have  you  any  idea  of  the  relative  advantages 
of  the  different  systems  of  septic  tanks  where  used  and 
where  they  are  not  ? — ^Do  you  mean  between  the  coarse 
Dibdin  bed  ? 

8962.  The  coarse  Dibdin  bed  without  a  septic  tank  ? 
— ^I  would  rather  have  the  coarse  Dibdin  bed. 

8963.  Without  the  septic  tank? — ^The  septic  tanks 
undoubtedly  fill  up. 

8964.  That  is  the  practical  difficulty  ?— Yes  ;  and 
then  you  have  to  start  afresh,  and  the  sludge  has  to  be 
removed.  The  ooarse  beds  properly  used  will  go  on  no 
doubt  for  a  longer  time  than  a  septic  tank  without  beizig 
looked  ta  Of  course,  elsewhero  I  have  aeen  these  bedai 
at  Sheffield  and  Manchester  and  Leeds,  and  all  over  the 
country,  and  I  waa  speaking  from  this  experience. 
I  have  not  seen  the  septic  tanks  except  at  Exeter  and 
three  places  in  Essex,  and  in  two  of  iihese  cases  there 
is  no  doubt  sludge  that  has  to  flbe  removed. 

8965.  Constantly  ? — I  do  not  know  how  often,  but  the 
Homchurch  one  which  went  on  for,  I  think,  about 
twelve  months,  and  which  the  man  who  put  it  down 
assured  me  would  never  require  emptying,  there  were 
soon  signs  of  an  increaaing  amount  of  depoeitw  Last 
time  I  went  down  I  found  they  had  had  to  empty  it, 
and  all  tJie  sludge  was  there  on  the  ground  around.  It 
was  sludged  up. 

8966.  Was  that  not  because  it  had  been  overworked  ? 
— No,  it  could  not  possibly  be»  because  Homchurch  is 
only  a  comparativeiy  small  place,  and  only  a  small 
postion  of  the  sewage  entered  it.  It  was  made  to  carry 
the  whole  sewage  of  the  place. 

8967.  (Sir  Michad  Foster.)  It  was  only  twelve  months 
old  ? — It  was  only  twelve  months  old. 

8968.  (Professor  Bamsay.)  You  believe  there  is  better 
purification  without  the  use  of  a  septic  tank? — ^At  the 
present  time  I  should  be  very  much  inclined  to  favour 
coarse  coke,  passing  it  through  that,  than  passing  it 
through  a  septic  tank. 

8969.  Have  you  had  any  experience  of  continuous 
filtration  7 — ^Not  that  is  worth  anything.  We  have  con- 
tinuous filtration  at  Writtle,  and  it  is  worthless. 
Whether  it  is  that  we  have  put  too  much  sewage  through 
it  or  not  I  do  not  know,  but  the  sewage  comes  out  almost 
as  bad  as  it  went  in.  But  still  I  do  not  want  to  damn 
the  continuous  system  on  that  account 

8970.  Do  you  attach  much  weight  to  the  oxygen  ab- 
sorbed test?— I  like  to  have  it  low;  but  it  uaoally 
seems  to  correspond  with  the  albuminoid  ammonia.  Of 
course,  we  always  do  both  ;  we  do  the  oxygen  absorbed 
and  the  albuminoid  ammonia  in  every  case,  and  in 
making  these  charts  for  the  Ilford  sewage,  we  examined 
about  four  samples  a  week,  and  have  done  for  the  last 
eighteen  months.     The  charts  I  have  made  from  them  so 
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Pr.  /.  c.    0I066I7  oarresBond  tliat  the  one  will  do  in  place  of  the 
liiwiHl,x.i>.,  other,  if  you  do  not  care  to  do  both. 

—-•  897L  You  think  it  ia  an  advantage? — ^The  albuminoid 

.8  M>y  liwi.  njnunonii^  ig  more  quickly  done. 

8972.  There  ia  no  difficulty  in  doing  them  together. 
H  you  axe  dealing  imth  one  kind  of  aewage  for  a  period 
(A  months  they  probably  would  give  you  good  indi- 
coft&onB?— They  do. 

8973.  The  different  testa,  "oxygen  absorbed"  and 
"  albuminoid  ammonia ''  would  give  results  which  could 
be  coBQ(pared  ?— I  think  they  would  be  fairly  comparable 
unless  there  is  som.ething  peculiar  in  the  nature  of  the 
sewage  originally.  Sewage,  of  course,  doee  vary.  One 
would  not  ezx>ect  to  g^  similar  results  taking  the 
sewage  of  Burton-on-Trent  and  the  sewage  of 
Manchester,  but  if  you  were  treating  what  might  be 
called  a  purely  domeeiic  sewage,  I  think  the  results 
would  be  comparative. 

8974.  {Br,  BuMdL)  I  baive  been  looking  ab  this  table 
of  1^  BlAyebuGcyzMfls  outbreak,  on  page  2.     Oan  vou  tell 

Appendix   me  what  was  done  to  prevent  the  spread  of  tnis  oul^ 
^J*      break  ?    Were  any  of  these  cases  removed  to  hospital  ? 
— ^No  ;  they  have  not  got  such  a  tiling  in  the  neighbour- 
hood, so  they  cannot  remove  them. 

8975.  TlMtft  is  just  what  I  thought.  Apart  from  oysters 
or  azirything  else,  lookiiEig  at  this  table  a  moment  it  is 

Appendix  more  like  a  table  that  you  migh/t  gat  the  penJlel  of  in 
"Q*^*  any  viMage  whepe  the  nrst  oases  were  allowed  to  lie  at 
home.  I  see  No.  8,  the  three  seooodazy  cases  distdbbuted 
over  fire  to  six  wedcs  after  the  first  case  % — ^No  doubt  the 
aeoondary  oases  in  a  great  many  ifustanioea  were  really 
eeooodary,  that  is  dferived  from  <tbe  first  case  in  the 
house. 

▲roendix       8976.  And  in  No.  9  there  were  six  eeoondaiy  cases 
_'     ddslTiibuted  over  a  period  of  five  weeks,  and  in  No.  4 
there  were  three  distributed  over  a  foitndght? — Yes. 

8977.  So  that  it  looks  very  much  like  what  you  would 
ezpeot  among  people  of  that  sort  if  you  did  not  adopt 
any  e£Scieiit  meana  of  presenting  the  spread  in  the  firat 
case  ? — Oh,  yee,  there  is  a  poesibiHty  that  it  may  have 
been  infection  from  houee  to  house,  but  I  was  indined 
to  think  that  that  did  not  account  for  all  the  facts. 

8978.  Have  you  had  Ihe  dass  of  case  whibh  is  mnoh 
more  convincing  than  this  where  cases  of  enterie  fever 
weie  reported,  we  will  say,  from  aH  points  of  the  00m- 
paes,  half  a  dozen  cades,  one  London,  anothier  in  Liver- 
pood,  and  disiirilbuted  alboiit  the  counlbry  % — In  oonneotiaQ 
with  cockles? 

8979.  And  they  had  nothing  in  common,  but  at  one 
period  of  time  they  took  part  in  an  excunsion  where 
oysters  or  cockles  or  something  of  that  kind!  wae  a  part 
of  the  enteitainmeDt.  Have  you  had  any  case  of  tiiat 
kind  ? — ^Not  in  connection  with  cookies,  but  we  had  one 
in  connection  with  oysters  in  whidh  the  caaee  oocinred 
at  yarious  parts  of  Coifeheeter,  and  I  thinJk  aome  at 
Ipswich. 

8980.  I  am  a  thorough  believer  in  the  medium  of 
oysteie  and  shell  fieh ;  they  are  a  most  dangerous  medium 
of  the  distriibution  of  infection,  but  the  couTinoing  case 
is  a  case  of  that  kind  such  as  a  county  ball  which  I  know 
of?— Oh,  yes. 

8981.  Where  the  ladies  and  gentlemen  took  ill  simul- 
taneously all  over  the  country  and!  on  the  Oontineat, 
and  where  the  only  conneotion  is  that  they  came  together 
at  this  ball,  and  they  all  partook  of  oysters?— You  see 
Tou  are  likely  to  get  that  sort  of  thing  with  oysters, 
but  the  character  of  people  who  eat  cockles  is  scarcely 
the  same.  This  class  of  people,  if  they  did  meet 
together  at  any  social  function,  I  do  not  think  cockles 
would  fprm  a  portion  of  their  menu :  They  are  more 
things  which  are  partaken  of  at  odd  timee. 

8962.  But  the  interest  to  my  mind  is  this,  that  it 
establishes  those  shell  fish  as  a  vera  causa  f— Oh,  yes, 
the  proof  from  which  would  be  very  much  greater  than 
anything  that  could  be  adduced  in  this  way,  no  doubt 

8983.  And  they  produce  enteric  fever  under  dicum- 
stances  which  are  very  difficult  to  detect  ?— Quite  so. 

8964.  To  demonstirate  in  a  satisAuytozy  way  ? — ^Yes. 

8965.  But  that  does  not  dimindsdil  the  reality  of  the 
effect  which  they  may  have  in  those  8X>oradic  cases 
that  to  each  several  obseorver  cannot  be  aooounted  for 
at  all,  but  when  you  focus  the  information  the  de- 
monafacation  is  oooolusive  ?— No ;  the  only  reason  why 
this  was  published  was  the  fact  that  I  thought  that  yery 
v>rolbably  there  waa  some  connecrfaton.  If  oases  of  this 
kind  ane  published'  other  people  wdll  pay  attentioQ  ta 


the  subject,  and  in  that  way  sooner  or  later  we  shall  be 
able  to  establish  aotoallf  whether  there  is  any  real  con- 
nection between  such  things  as  musseb  and  cockles  and 
the  dissemination  of  typhoid  fever. 

8966.  I  see  you  mention  as  one  of  the  fbots  in  the  case 
that  one  milk  supply  was  impure,  but  it  was  only  used 
in  two  out  of  the  seven  houses  infected  ? — Yea. 

8987.  What  was  the  nature  of  the  impurity? — WeU, 
it  was  undoubtedly  mixed  with  water,  and  the  -water  was 
undoubtedly  polluted.  We  found  both  coll  and  enteri- 
tidis  in  it,  and  the  inspector  went  to  the  dair^  and  he 
found  they  weie  using  water  in  the  dairy  winch  came 
from  a  datoh  or  pond  of  a  moat  unsaitiBfiaotory  oharacter. 

8968.  Thait,  of  course,  is  another  weak  element  in  the 
evidence? — But  that  ooly  applied  to  two  houaea.  The 
other  people  denied  that  they  evn  had  milk  from  this 
partici^ar  person. 

8989.  But  you  have  often  investiaHtod  milk  epidemics 
of  an  undoubted  c)iaraoter;  at  Meat,  you  ihave  had 
experience  of  that  kind  ? — Yea. 

8990.  And  it  ia  constantly  one'a  experience  that  there 
is  a  fringe  of  people  who  say  -tbey  >had  never  touched 
tliie  milk,  buit  they  had  got  the  enteric  fever  ? — ^Yes,  but 
in'  this  case  the  fnnge  would  be  laiger  than  the  matoial : 
if  it  had  been  the  other  way  about  it  would  have  been 
much  stronger. 

8991.  Was  this  milk  used  anywheie  else? — ^Yes,  it  was 
uaed  in  other  pasta  of  the  town  wheiie  theoe  was  no 
typhoid  fever. 

8992.  I  merely  wanted  to  know  aa  tbda  would  be  a 
very  frail  case  to  raise  any  agitation  upon  ? — ^It  simply 

Sves  the  facts  so  far  as  I  was  able  to  record  them  in  the 
ope  that  other  people  would  be  alive  to  the  possibility 
of  cockles  producing  typhoid  fever,  and  would  make 
inquiidea  accordtngly.  In  my  oounty  now  every  case 
that  occurs  we  make  incjuiries  about  all  kinds  of 
shell  fish,  as  I  think  I  mentioned,  thc^JAedical  Officer  for 
Southend  in  his  last  report  thinks  it  ie  poastble  that 
aeverol  cases  of  typbodd  that  had  oocuned  there  were 
due  to  eating  theee  cockles,  at  any  late  he  could  not  find 
any  other  cause ;  but  it  is  by  the  multiplication  of  in- 
stances of  this  kind  that  we  may  possibly  in  the  long 
run  arrive  at  the  truth. 

8993.  Then  is  there  no  such  thing  as  the  hospital  treat- 
ment of  enteric  fever  in  Essex? — ^At  Southend  there 
is,  but  in  districts  round  Southend  there  is  not.  but  a 
hospital  is  being  built,  and  probably  in  tweftve  ^nonths 
it  mB  be  ready,  and  probably  things  will  be  much  better. 

8994.  I  am  afraid  that  is  another  weak  element  in  the 
argumemt  Essex  is  durtdnguiehed  in  that  way  aa  well 
as  by  partaking  of  cookies  f-Then,  unfortunaoely,  there 
has  been  a  great  deal  of  difficully  in  educating  the 
various  authoidties  in  Essex  to  the  necessity  for  iso&tioD 
hospitals. 

8995.  {Mr.  KiUick.)  You  have  apoken,  I  think,  alto- 
gether, Dr.  Thresh,  about  effluents  that  disc^harge  into 
the  sea? — ^Into  the  sea  or  tidal  waters. 

8996.  The  effluents  discharging  into  the  streams  in 
Essex— has  there  muoh  ft>een  done— aerwage  effluents?-- 
Yes,  up  the  river  Boding,  whdoh  is  the  idver  which  runs 
through  the  moat  populoas  part  of  Essex,  every  diatnot 
now  ie  going  in  for  a  bacterial  eystam  <k  treatment. 

8997.  Is  that  under  pressure  from  the  Oounty  Oouneil  ? 
— ^Yee  ;  we  have  not  pressed  them  aa  to  what  system 
they  should  adopt,  but  the  constant  complaints  about 
the  condition  of  this  river  led' me  to  take  samples  periodi- 
cally of  the  effluents  that  they  were  sending  in,  which 
showed  that  they  were  of  a  most  unsat^actory  character. 
The  result  was  continued  correspondenoe  between  the 
District  Councils  and  the  County  Council,  and  each  one 
of  them  has  got  out  a  plan,  and  I  believe  some  of  ihem 
(Buckhurst  Hill,  Wanstead)  have  been  already  sanc- 
tioned and  are  in  progress,  and  there  are  three  or  four 
more  which  I  believe  are  in  the  hands  of  the  Local 
Government  Board. 

8998.  You  are  exercasmg  your  powers  under  the.  1868 
Act,  I  suppose  ? — ^The  Biveis  Pollution  Act. 

8999.  Yes,  but  under  the  powers  that  you  have  as  a 
Sanitary  Authority  under  the  1888  Act  ? — Oh,  yes,  cer- 
tainly. 

9000.  And  are  you  applying  that  to  the  whole  county  I 
•^Yee,  of  course,  every  town  in  the  county  is  discharg- 
ing sewage  into  some  cf  tlie  rivers,  and  where  the 
effluent  is  not  satisf  ao  torj  we  report  it  to  them  We  find 
that  some  of  the  worst  pollution  arises  from  the  larger 
villagea,  where  they  have  got  no  sewage  works,  but 
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simpljr  their  old  road  drains,  which  originally  were  in- 
tended to  carry  the  road  water  from  tne  villages  into 
the  river.  They  have  been  converted  into  sewers,  and 
the  household  sewage  goes  in  untreated. 

9001.  Are  you  putting  pressure  on  the  Bural  District 
Onuncil  iii  that  case  ?-— Yes,  w©  are.  Then  comes  a  diffi- 
culty. I  have  on©  parish  in  my  mind  now  with  a  popu- 
lation of  a  little  over  1,000.  I  complained  of  this,  and 
they  said,  "  What  would  you  advise  us  to  do  ?"  *'  Well," 
I  said.  **  xh©  best  plan  is  to  consult  a  sanitary  engineer." 
They  called  in  a  well-known  engineer  in  London,  and  he 
has  devised  them  a  scheme,  and  to  carry  it  out  wiU  cost 
£10,000.     They  certainly  xannot  do  it, 

9032.  (Sir  Michael  Foster.)  What  system  has  he  ad- 
vised for  them,  do  you  know  ? — ^He  proposes  to  take  in 
nearly  every  house  in  the  whole  of  the  parish,  and  adopt 
bacterial  treatment,  and  discharge  tn©  final  effluent 
into  the  stream.  1  do  not  know  quite,  as  Medioal 
Officer  of  Health  for  the  county,  whether  I  ought  to 
advise.  They  invited  me  over  to  see  those  plans,  and 
I  thought  candidly  it  was  out  of  the  question,  a  small 
place  like  that  incurring  such  exx>en8e. 

9003.  (Mr.  Power.)  Is  there  a  public  water  supply 
in  this  parish  ?— No,  I  am  pushing  them  on  for  a  public 
water  supply  as  well ;  that  is  an  additional  expense. 

9004.  (Mr.  KiUick.)  That  is  a  case  in  which  you  will 
have  to  do  ^  little  bottle  holding.  The  only  way  to 
deal  with  those  cases  in  ycur  experience  is  just  doing 
as  mush  as  you  can  ? — ^To  get  what  would  be  considered 
a  complete  scheme  is  very  often  so  expensive  that  it 
is  beyond  the  power  of  the  authorities  to  carry  it  out ; 
but  tliere  is  no  doubt  that  the  districts  themselves  are 
in  a  great  measure  to  blame.  They  let  things  go  from 
bad  to  worse,  instead  of  trying  to  make  the  best  of 
what  they  havo  g.>t.  They  let  a  man  with  a  house 
on  a  detached  portion  of  land  run  a  drain  into  a  ditch 
or  some  other  road  drain,  instead  of  making  him 
di8pf)se  of  his  sewage  on  that  portion  of  land,  and 
so  they  go  on  accentuating  nuisances,  instead  of  com- 
pelling each  tenant  in  these  isolated  cases  to  dispose 
of  his  sewage  on  his  own  premises. 

9005.  That  is  you  deal  with  the  individual  separate 
houses.  I  suppose  you  cx>mplain  of  those  to  the  local 
authority? — If  it  is  only  minor  matters  of  that  kind 
they  come  under  the  cognisance  of  the  Local  Mediciil 
Officer  of  Health.  As  County  Medical  Officer  of  Health 
I  am  only  consulted,  or  generally  have  to  report  upon 
the  larger  matters  referring  to  the  whole  of  the  parish. 

9006.  You  do  not  interfere  from  the  county  with  the 
small  cases  of  pollution  ? — ^If  it  was  a  small  case  of  pol- 
lution getting  down  to  the  river,  no  doubt  we  should. 
We  have  done  in  several  instances,  but,  as  a  rule,  drains 
get  combined  together  into  a  combined  drain  before 
they  get  down  to  the  river.  We  have  not  many  in- 
stances in  which  each  house  runs  a  drain  to  the  stream  ; 
perhaps  there  will  be  a  group  of  half  a  dozen  or  a 
dozen  houses  ;  these  would  all  combine  into  on©  drain, 
and  that  drain  comes  into  the  stream. 

9007.  I  suppose  you  have  accelerated  the  progress  of 
the  erection  of  sewage  installations  since  you  took 
artion  ? — Yes,  we  could  have  done  more  if  it  had  not  been 
that  we  thought  things  were  in  such  &  condition  just 
now  that  we  ought  not  to  press  them  to  do  too  much, 
until  we  feel  more  certain  as  to  the  best  system  to 
adopt,  especially  in  those  districts  where  the  population 
is  screwing  so  rapidly. 

9008.  Just  for  a  moment  to  turn  to  another  subject. 
You  say  you  have  provided  a  statement  of  the  high 
death  rate  in  the  district  in  Manchester,  through  which 
the  much  polluted  river  goes? — ^Yes. 

9009.  And'  you  could  not  prove  any  increase  in  the 
death  rate  from  the  polluted  state  of  it? — ^At  that  time 
I  was  connected  with  the  Manchester  and  Salford  Sani- 
tary Association,  and  at  their  request  I  made  an  investi- 
gation into  the  high  death  rate  in  what  was  called  No. 
1  Ancoats.  Before  starting  that  I  wanted  to  have 
an  idea  of  the  death  rate  of  the  various  districte  into 
which  Manchester  was  divided,  and  it  seemed  to  me 
at  that  time  that  some  of  the  worst  districts  must  be 
those  through  which  the  Irwell  flowed,  because  the 
condition  at  that  time,  if  not  even  now,  was  vile  in 
the  extreme.  Taking  the  figures  for  ten  years,  T  could 
not  find  the  slightest  indication  of  any  ill  effect  from 
the  polluted  river  going  through  the  borough. 

9010.  You  did  not  make  any  experiments  or  in^qiiirios 
as  to  the  vitality  of  the  people  living  near  the  river  '{— 
I  went  into  all  the  districte,  and  made  all  sorts  of  in 
quiries,  but  there  were  many  factors  which  vitiated  any 
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condiwion  you  might  draw.  One  district  where  I  tlicught  /^^  ., 
from  the  high  death  rate  the  probability  was  that  7ft<rWi.' 
the  river  had  something  to  do  with  it,  when  I  got  tuere  /'' 
I  found  only  the  lowest  class  of  i>eople,  the  rents  were  s  >r«j 
so  exceedingly  low  that  no  one  drifted  there  until  they  — 
were  almost  absolutely  destitute,  or  criminal  and 
wanted  to  hide  away  from  justice.  It  was  a  district 
in  which  whatever  the  surroundings  had  been  there 
would  have  been  a  very  high  mortality.  vVhen  a  man 
is  earning  30s.  a  week  he  can  afford  a  good  cottage,  I'ut 
when  he  is  in  failing  health,  and  only  able  to  earn  25s. 
a  week  he,  perhaps,  economises,  and  gete  a  cottage  at 
a  little  less  rent.  Still  failing  in  health  he  gete  into 
something  at  Is.  or  1a.  6d.  a  week.  At  that  stage  his 
family  is  half  sterved,  and  he  is  probably  in  a  half 
dying  condition.  There  you  have  a  very  high  mortality, 
but  it  has  nothing  to  do  with  the  district. 

9011.  You  could  not  say  in  any  way  that  the  river 
caused  injury  to  health? — ^I  spent  a  good  deal  of  time 
over  it,  and  discussed  it  with,  I  think  it  was  Dr.  Ban- 
some,  and  one  or  two  others  who  are  very  much  inte- 
rested in  the  sanitation  of  Manchester,  and  it  was  re- 
solved not  to  say  a  word  about  it,  because  there  was  not 
a  particle  of  evidencel  to  show  it  had  any  effect  upon 
thb  health  of  the  people. 

9012.  (Sir  Michael  Foster.)  That  was  the  effluvium 
from  the  river,  I  suppose? — ^Yes. 

9013.  (Mr.  Killick.)  I  remember  the  case,  that  waa 
why  I  asked  about  it? — ^Yes. 

9014.  (Dr.  llussell.)  You  came  to  the  same  conclusion 
as  the  last  Boyal  Commission  on  Sewage  came  to.  They 
endeavoured  to  establish  a  case  founded  upon  investiga- 
tion of  the  health  of  such  as  these  in  the  neighbourhood 
of  polluted  rivers,  and  found  that  the  local  conditions 
antagonistic  to  health  were  such  as  to  vitiate  any  con- 
clusions ? — ^There  is  no  doubt  that  is  so. 

9015.  (Professor  Bamsay.)  Just  one  question  on  your 
last  remarks  speaking  to  Mr.  Killick  ;  have  you  any 
idea  about  the  rural  disposal  of  sewage  ;  would  you  say 
that  a  farmer,  for  example,  could  dispose  of  his  own 
sewage? — A  farnuer?    Yes. 

9016.  Do  you  favour  the  dry  closet  system  or  cess- 
pools?— Cesspools  and  drv  dosets,  if  you  can  get 
them  emptied,  and  emptied  by  the  authority,  and  the 
contente  removed,  is  very  likely  a  satisfactory  solution 
of  the  difficulty,  but,  unfortunately,  the  people  will  not 
remove  them  ;  they  will  not  empty  them  ;  the  owners 
will  not,  and  if  the  authority  steps  in,  it  becomes  so  ex- 
pensive that  it  often  is  cheaper  to  lay  down  a 
system  of  sewerage.  The  parish  of  Stanford  in  Essex 
wanted  to  avoid  sewering.  They  have  a  very  large 
numl>er  of  cesspools,  and  they  bought  two  of  these  cess- 
pool emptiers,  I  forget  the  name  of  them,  made  by 
someone  in  Gravesend.  It  is  a  huge  tank  upon  wheels  ; 
they  take  it  to  the  cesspool,  put  down  the  hose-pipe, 
pump  away,  and  fill  the  tank.  Whe^  that  had  been 
going  on  for  some  time  I  went  over  and  inquired  into 
it,  and  I  worked  out  a  little  sum  in  arithmetic  for 
them,  which  showed  them  that  the  cost  that  they  were 
bearing,  in  providing  the  men  and  the  horses,  and 
so  on,  was  more  than  the  interest  would  be  on  the  pro- 
vision of  a  proper  sewerage  scheme.  The  result  is  that 
they  have  gone  in  for  a  sewage  scheme,  but  being  not 
far  from  the  Thames  they  do  not  have  to  get  the  high 
degree  of  purity  necessary  in  other  parte  of  the  county, 
and  therefore  their  scheme  is  much  cheaper. 

9017.  What  about  dry  closets  ? — Dry  closets,  I  think,, 
are  excellent  where  there  is  a  small  quantity  of  garden 
for  them  to  dispose  of  the  contente  upon. 

9018.  (Chairman.)  They  are  the  best  possible  things,. 
I  suppowj?  -Yes  ;  there  is  no  doubt  in  the  country. 

9019.  I  do  not  know  whether  you  have  any  partimlar 
favour  for  one  form  rather  than  another.  Is  it  better 
to  have  a  pail  or  better  to  have  a  pit  ? — ^I  prefer  a  pail 
because  with  a  pit  you  have  not  the  control  that  you  have 
over  the  pail.  If  there  is  a  pail  the  inspector  sees  if 
it  is  full ;  an  inspector  can  say  something  ;  in  the  case 
of  a  pit  there  is  luways  a  dispute  as  to  whether  it  is  full 
or  not,  and  when  it  was  removed  last  and  so  forth. 

9020.  A  pail  is  nothing  but  an  additional  nuisance 
when  they  do  not  empty  it  ? — ISo  ;  that  is  the  trouble, 
but  that  is  not  due  to  the  system. 

9021.  It  seems  to  me  the  question  turns  on  the  habit 
of  the  people  ? — Quite  so ;  and  almost  everything  in  con- 
nection with  sanitation  in  rural  districte  turns  on  the 
habite  of  the  people.  In  many  plttoes  I  find  that 
where  there  is  sufficient  garden  to  dispose  not  only  of 
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Br.  J.  Q.    the  slops  but  the  contents  of  the  pail  closet  they  will 

TftwA.M.D.,  jjQ^  (2q  either ;  they  will  throw  all  their  slopp  over  the 

-  -        hedge  int:>  somebody  else's  ditch  ;  they  dig  a  big  hole 

8  May  ifioi.  through  which  the  privy  contents   can   ooze   into  the 

same  ditch,  and  they  are  quite  satisfied. 

9022.  But  you  are  qudte  satisfied  with  the  pit,  pro- 
vided it  is  cleaned  out?— Yes  ;  oh  dear,  yes, 

9023.  {Mr,  KUlick.)  The  objection  to  the  pail  is  when 
p  vis  have  to  be  collected  and  carried  through  a  populous 
district? — Oh,  there  is  more  objection  then.  It  does 
not  apply  in  a  rural  district  where  you  are  able  to  dis- 
pose of  it  near  your  own  premises. 

9024.  That  is  the  great  objection? — In  the  Maldon 
district  we  have  made  an  arrangement  whereby  a  cer- 
tain amount  of  land  near  the  cottages  has  been  rendered 
available  to  the  cottage  people  for  the  purpose  of  dis- 
posing of  their  slops  and  pail  contents.  Just  now  we 
are  arranging  with  the  brewery  to  have  an  acre  of  land 
at  the  back  of  six  cottage  .  There  is  a  little  garden  in 
front,  but  no  garden  at  the  back,  nothing  to  discharge 
upon.  Behind  there  are  the  four  closets,  and  no  proper 
drains.  We  have  now  made  an  arrangement  for  an  acre 
of  land  divided  into  six  parts  ;  the  closets  will  be  re- 
moved to  the  far  end  of  the  piece  of  ground,  and  we 
shall  expect  them  to  attend  to  the  pails,  and  also  dis- 
pose of  the  slops  by  distributing  them  over  the  garden, 
and  in  that  way  I  am  quite  sure  that  they  will  get  rid 


of  all  nuisance.  Bearing  on  th«i>  point,  we  have  had 
lately  an  outbreak  of  diphtheria  in  the  parish  or  hamlet 
called  Howe  Street  I  went  over  there,  and  the  condi- 
tions were  such  that  I  afterwards  got  some  of  the  mem- 
bers of  the  District  Council  to  visit  with  me,  and  it  was 
a  curious  fact  that  every  nuisance  complained  of  arose 
from  drains  which  had  been  put  into  the  cottages  ;  not 
a  single  nuisance  was  complained  of  in  those  honses 
that  had  got  no  drains  ;  where  they  spread  their  slops 
over  the  ground  there  was  no  nuisance  ;  where  they  had 
been  allowed  to  put  in  a  little  drain  and  drain  it  to  a 
ditch  there  were  the  complaints. 

9025.  (Sir  Michael  Foster.)  You  mean  there  were  the 
cases  ? — ^Not  all  the  cases. 

9026.  (Chairman,)  Have  you  had  much  experience  of 
sewage  farms  ? — We  have  several  in  the  county,  in  some 
of  which  I  take  a  good  deal  of  interest. 

9027.  And  have  you  ever  known  a  case  where  «.i^iinftli^ 
have  suffered  from  feeding  on  a  sewage  farm  ? — I  have 
heard  people  state  that  such  things  have  occurred,  but 
when  I  have  inquired  at  any  of  these  farms  I  have  never 
heard  of  anything  of  the  kind  occurring.  We  have 
several  sewage  farms — one  of  about  106  acres  at 
Ghelmsfoord,  one  of  nearlv  200  acres  at  Romford,  one  at 
Hal  steady  one  at  Bishop  Stortford.  Bishop  Btortford  is 
outside  Essex,  but  the  sewage  fann  is  in  the  county. 
There  are  several  other  very  small  farms. 
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PRESENT  : 


The  Right  Hon.  the  Earl  of  Iddesleigh  (Chairman),  presiding. 


Mr.  William  Henry  Power,  f.r.s. 
Major-General  Constaj^tine  Phipp.s  Carey,  r.e. 
Mr.  TuoMAB  William  Killick. 


Dr.  James  Burn  Russell. 
Mr.  Charles  Philip  Cotton. 


Mr.  F.  J.  AViLUS. 


PRESENT  ALSO  : 

Dr.  A.  C.  Houston. 


Mr.  Thomas  Eustace  Hill,   County  Medical  Officer,    Duiham,  called;  and  Examined. 


^^.  902a  (Chairman.)  You  are  Dr.  EustaceHill,  Medical 

T.B.nui.  Officer  of  the  County  of  Durham?— Yes. 

9  Maylyoi?      ^029.  And  you  have  bad  some  experience  of  cases 

where  sewage  or  manufacturing  refuse  has  gone  inio 

tidal    waters?— Yes,    especially    with    regard    to    the 
River  Wear. 

9000.  Will  you  kdndly  give  us  your  views  on  t^e 
subject?— The  River  Wear  has  a  tidal  length  of  10 
or  12  miles,  and  throughout  its  oourse  i^  receives  a 
considerable  amount  of  sewage  ;  in  particular  and  in  one 
place  it  also  receives  very  foul  liquid  coining  from  some 
waste  dhemical  heaps.  Wo/th  regard  to  the  sewage  in 
the  upper  reaches,  there  are  not  any  ill-effeots  appa- 
rently,  but  when  you  get  down  towards  the  mou<<2h 
2  or  3  miles  up  you  get  the  Urban  Distract  of  South- 
wick  with  a  populaibion  of  about  12,000  or  14,000  and 
the  County  Borough  of  Sunderland  discharginfi  their 
crude  sewage  into  the  river  and)  undoubtedly  thexe  is 
very  considerable  pollution,  which  is  particularly  evi- 
dent when  the  tide  is  low.  The  tide  when  it  goes 
d<ywn  exposes  a  consideratole  aonount  of  river  bed,  and 
that  is  covered  for  a  very  conaideiarble  depth  wiiii  a 
very  black  and  offensive  substance.  Even  in  winter 
time  on  taking  some  of  that  up  and  smelling  it  it 
has  a  distinct  sewage  ofl^enrnve  sanell,  and  even  in 
winter  tdme  there  is  a  conaideralble  amount  of  decom- 
position going  OIL  In  summer  time  no  doubt  the  de- 
composition is  very  much  greater,  and  the  emanations 
in  my  opinion  must  be  objectionable  and  cause  some 
danger  *o  tfae  heaJtih  <rf  ipeople  living  mear  it  and 
frequenting  the  river.     Then  with  v^^s^d  to  the  manu- 


faoturing  refuse,  that  discharges  in  at  Washington 
Staiths  about  7  or  8  miles  up  the  river,  and  comes 
from  huge  heaps  of  waste  chemical  refuse,  which  con- 
tain apparently  a  large  amount  of  sulphide  of  calcium, 
which  decomposes,  giving  off  sulphuretted  hydro- 
gen, and  discharges  into  the  river  also  unpurified. 
There  is  a  considerable  population  living  imsxnediately 
on  the  banks  ^ere  and  the  smell  even  in  the  houses 
is  perceptible.  It  was  much  worse  up  to  a  short  time 
ago  because  the  outfall  of  the  liquid  was  above 
low  water.  They  have  recently  carried  it  below  low 
water  and  that  to  some  extemb  mitigaites  t^e  nuisance 
but  there  is  no  doubt  that  the  nuisance  from  tiiis 
must  lower  the  vitality  of  people  living  near  it, 
because  it  is  undoubtedly  an  overpowering  an'd  most 
off'ensive  smell,  and  there  cannot*  be  the  slightest 
doubt  tba*  it  must  be  seriously  prejudicial  to  fish 
life. 

9051.  (Mr,  Power.)  Is  it  so  objectionaible  as  to  in- 
duce nausea  and  vomiting;  do  you  have  anv  general 
complaint  to  that  extent  f--Yes.  Some  of  tie  people 
say  they  have  had  nausea.  I  questioned  the  people 
on  the  river^s  bank  and  they  say  they  do  at  times,  or 
rather  did,  when  this  was  very  bad,  suffer  considerably, 
and  many  of  them  have  a  particularly  unhealthy 
appearance. 

9032.  Do  yon  think  the  emanations  are  from  the 
river  itself  or  from  the  foreshore?  There  is  not  a 
very  lar^^e  amounit  of  foreshore  uncovered  at  9ander- 
lun<i.      There  it  is  rather  a  narrow  and  deep  river. 
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the  Wear,  is  it  not?— No;  but  I  should  think  there 
is  25  jtards  probably,  especdallj  on  the  Southwick 
fldde,  that  is  on  the  north  aide. 

9033.  The  north  aide?-— And  there  tlh^e  are  several 
boat  ferries.  The  working  men  and  other  people  cross 
the  river  from  one  side  to  the  other,  and  at  low  tide 
thej-  have  to  walk  by  wooden  platforms  riglvt  ovet 
this.  Then  in  addition  the  sewers,  at  Southwick  par- 
ticularly, discharge  at  the  far  end  of  the  foreshore  and 
during  low  water  they  run  in  a  dirty  stream  down  to 
the  river,  which  of  course  is  also  objectionable.  One  of 
the  main  sewers  is  close  to  the  gangway  at  one  of  the 
local  ferries. 

9034.  Are  the  complaints  as  to  this  injury  to  health, 
this  nausea  and  headache,  confined  to  Southwick,  or  do 
they  come  from  Sunderland  too  ?— I  should  like  to  point 
out  that  this  nausea  from  sulphuretted  hydrog^i  is 
seven  miles  up  the  river,  not  at  Southwick  and  not  at 
Sundlerland,  >uiat  is  quite  a  sepanrte  place. 

9036.  It  is  limited  to  the  point  at  which  the  liquid 
disohArges?— At  which  that  liquid  diecbargefi.  There 
is  the  parish  of  Washington  Staiths  at  the  discharge, 
and  there  is  the  parish  of  Oox  Green  on  the  other 
side  of  the  river  and  the  people  have  complainecl  very 
strongly  of  this  nuisance. 

9036.  But  you  have  objectionable  emanations  from 
the  mud  given  off  within  the  Borough  of  Sunder- 
land?— Yes,  within  the  Borough  of  Sunderland  and 
especially  on  the  Southwick  side,  in  the  Urban  Dis- 
trict of  Southwick. 

9037.  (Major-General  Carey.)  The  sewage  is  not 
treated  at  all? — The  sewage  is  not  treated  at  all,  no. 

9038.  Is  it  discharged  on  the  ebb  tide? — It  is  dis- 
charged at  all  tides. 

9059.  (Mr.  Power.)  By  a  number  of  separate  out- 
falls?— By  a  number  of  separate  outfalle,  yes. 

9040.  On  both  sides  of  the  river  ? — On  both  sides  of 
the  liver,  yes. 

9041.  (Chairman.)  Then  will  you  proceed  with  your 
statement? — Then  I  may  say  when  I  was  Medical 
Officer  of  Health  to  the  Borough  of  Soul^  Shields  10 
years  ago,  we  had  a  frequent  cause  of  complaint  with 
the  Mill  Dam  near  the  Custom  House  where  one  of 
the  main  sewers  of  the  town  dischaiged — ^th'is  is  the 
River  Tyne  I  may  eay  now — into  the  river  and  got 
washed  back  into  a  cul  de  sac  where  the  pilots'  boats 
were  etowed,  and  in  hot  weather  there  was  a  very 
considerable  nuisance.  No  doubt  that  could  have  been 
obviated  if  the  sewer  could  have  been  carried  further 
into  the  river,  but  it  has  not  been  done  even  up  to  this 
time,  and  the  nuisance  still  exists.  But  that  is  with 
regard  to  the  Biver  Tyne.  That  is  'the  only  experience 
I  have  had  of  any  nuisance  aiifiing  from  that  river, 
although  of  course  the  pollution  is  very  considerable, 
but  it  i«  a  very  much  bicger  river  in  volume  and  size 
than  the  Wear.  I  should  eay  Ihat  the  Biver  Wear 
Fishery  Boazd  have  made  aevepal  oompLaints  to  the 
Oounty  ObuncU  of  the  pollutions  from  this  manufac- 
turing refuse  at  Washington  Staiths  and  of  the  pollu- 
tion of  the  river  by  sewage. 

9042.  (Mr.  Pmcer.)  What  Board  is  that?— The  Wear 
Fishery  Board. 

9045.  Do  they  allege  actual  damage  to  fishT-'Yee, 
they  allege  actual  damage  to  fish. 

9044.  To  salmon,  for  instance? — ^I  suppose  salmon. 
So  far  as  1  am  aware  they  did  not  specify  any  par- 
ticular fish,  but  only  the  other  day  I  wrote  to  the  Clerk 
of  that  auUiority  again,  and  he  said,  ''  In  reply  I  may 
say  that  l^e  Board  have  several  times  had  cause  to 
complain  of  the  pollution  of  the  river  from  chemical 
works  and  sewerage  in  the  localities  you  refer  to,  but 
recently  the  pollution  has  somewhat  abated  in  those 
parts.''  But  we  ha^e  had  complaints  directly  from  the 
Wear  Fishery  Board,  and  the  County  Council,  I  may 
say,  are  doing  their  utmost  to  prevent  the  pollution  of 
the  river ;  but,  as  you  know,  without  the  consent  of  the 
Local  Government  Board  it  is  impossible  for  them  to 
take  action  with  regard  to  tidal  waters.  At  the  present 
time  one  of  the  Iccal  authorities  in  the  county,  the 
Chester-lp-Street  authority,  are  proposing  to  discharge  a 
very  large  outfall  sewer  into  the  tidal  waters  of  the 
Wear  very  near  to  this  Washington  Staiths  which  I 
spoke  of.  We  have  done  our  best  to  prevent  it,  and 
we  are  in  communication  with  the  Board  of  Trade,  whose 
sanction  has  to  be  obtained  I  believe  to  new  outfall 
works,  urging  them  to  prevent  this  sewage  running  into 
the  tidal  waters  without  prior  purification. 

1213. 


9045.  Withoiit  any  treatment  at  all  ?— Without   any       ^r. 
treatment  at  all,  and  there  the  local  authority  are  en-  T.  E.  km. 
deavouring  to  get* this  entirely  new  outfall  for  the  pur-  ^  Maylwi. 

pose  of  draining  villages  situated  three  or  four  miles     * 

away  from  the  Wear,  into  the  tidal  waters  without 
purification,  and  the  County  Council  naturally  object 

to  that,  and  as  I  say  we  have  had  complaints  from  the 
Wear  Fishery  Board  on  the  subject.  I  hope  we  shaH 
be  able  to  prevent  it. 

9046.  The  Wear  Fisheiy  Board  are  not  merely  con- 
cerned with  fish  but  with  shell-fish  also ;  they  are  not 
solely  salmon  conservators  ?--Salmon  conservators  and 
trout. 

9047.  And  trout? — Bull  trout  are  fairly  common  in 
the  Wear,  but  there  are  no  oyster  beds.  They  have 
nothing  to  do  with  shell-fish.  There  is  no  necessity  to 
deal  with  that  question.  I  am  not  sure  that  there  are 
any  other  points  with  regard  to  these  chemical  pullu- 
tions.  The  second  point  upon  which  my  opinion  is 
asked  is  in  regard  to  effluents  that  are  chemically  pure 
and  yet  contained  the  bacteria  common  to  sewage.  *  Well, 
personally,  I  do  not  see  any  serious  harm  can  result 
from  the  discharge  into  tidal  waters  of  an  effluent  which 
is  chemically  satisfactory,  but  which  contains  bacteria 
common  to  sewage  The  tidal  waters  are  never  used  for 
drinking  purposes  nor  for  cattle,  and  as  a  rule  the 
volume  of  the  tidal  water  is  so  great  that  I  caJ;^lot 
imagine  that  any  serious  injury  to  health  or  damage  to 
fish  life  would  result  if  the  effluents  were  chemically 
pure. 

9048.  (Chairman.)  But  I  suppose  you  would  not  say 
that  if  there  were  oyster  beds  within  the  tidal  waters  ? 
— ^Well,  there  would  be  possibly  a  risk,  but  the  evidence, 
80  far,  of  the  existence  of  the  pathogenic  organisms  in 
chemically  pure  effluents  is  so  small  and  so  slight  that 
I  am  not  sure  that  the  question  cannot  be  to  some 
extent  disregarded.  What  I  mean  to  say  is,  as  no  doubt 
you  are  aware,  there  is  the  greatest  difliculty  in  finding 
we  will  say,  the  typhoid  fever  bacillus  in  a  chemically 
pure  effluent,  and  in  that  case  if  a  chemically  pure 
effluent  discharged  into  a  very  large  tidal  volume  of 
water  I  cannot  imagine  that  there  would  be  any  very 
serious  risk  to  any  oyster  beds. 

9049.  Are  you  speaking  from  your  own  experience  in 
saying  that  in  a  chemically  pure  effluent  there  are  very 
few  pathogenic  organisms  ?— Recognised  pathogenic 
organisms,  yes. 

9050.  Do  you  say  that  from  your  own  experience  ?— 
Well,  when  I  say  from  my  own  experience,  not  directlv 
from  my  own  experience,  because  I  am  not  a  bacterio- 
logist, but  from  my  general  knowledge  of  the  subject. 

9051.  (Mr.  Power.)  But  they  are  extremely  scarce  in 
the  raw  sewage,  are  they  not — pathogenic  organisms  ? — 
Apparently  they  are ;  I  mean  to  say  they  are  difficult 
to  find. 

9052.  But  the  associate  of  the  enteric  fever  bacillus, 
the  bacillus  ooli,  is  very  abundant  in  many  of  these 
effluents? — ^It  is  undoubted !^. 

9053.  Almost  as  abundunt  as  in  ihe  sewage?— Yes 
and  I  may  say  in  a  paper  which  I  delivered  a  few  weeks 
ago  before  the  Society  of  Medical  Officers  of  Health  I 
gave  vent  to  the  opinion  that  when  chemically  pure 
effluents  are  discharged  into  ordinary  rivers,  especially 
where  there  is  a  possibUity  of  their  being  used  for  drink- 
ing  purposes,  the  ordinary  passing  through  bacteria  con- 
tact tanks,  for  instance,  is  not  satisfactory,  and  that 
there  should  be  an  additional  sand  filter  or  something  of 
that  kmd,  or  land.  I  quite  agree  with  the  Local  Govern- 
ment Board  that  where  there  is  any  possibilitv  of  the 
^  ,  L.  ??  ^^  t^^  drinking  purposes,  ordinary  artifi- 
cial  filtration,  although  it  is  bacterial  in  action,  of  the 
sewage  entering  it  is  probably  not  sufficient. 

9054.  But  you  think  so  far  as  a  tidal  water  is  con- 
cerned, and  so  far  as  fish  apart  from  molluscs  are  con- 
cemed,  that  bacteria  are  in  no  sense  detrimental  ?— In 
no  sense  at  all.  My  experience  in  the  River  Wear  and 
several  other  nvers  in  the  county  which  are  considerably 
polluted  by  sewage,  is  that  the  fish  apparently  not  only 
do  not  suffer,  but  the  general  opinion  of  fishermen  is 
tnat  to  a  certain  extent  it  is  advantageous  to  the  fish 
themselves. 

9055.  Then  a*  to  the  objection  on  the  part  of  the 
Fishery  Commissionere ;  do  they  allege  injury  to  fish 
to  be  due  to  the  ohemical  impurities  of  the  water  from 
seTOge  generally,  or  to  injury  in  particular  from  the 
trade  refuse  ?— They  allege  it  with  regard  to  both  sewage 
and    manufacturing   pollution,    because    in    the    lower 
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Mr.       reaches  of  these  ziven  v«hi5  pollution  becomes  so  great 
T.  K.  inn.  that  it  probably  absorbs  so  much  of  the  oxygen  from  the 

^  May  191)1.  "^^t^^. 

■  9056.  I  was  going  to  ask  you  .'is  to  th«t.      Do  you  think 

it  is  so  much  the  chemioal  matter  in  the  water  as  the 
absence  of  the  oxyigen  that  is  detrimental  to  the  &Bh ; 
the  oxygen,  for  instance,  being  used  up  by  the  sewage  ?-- 
I  should  say  it  is  more  chiefly  the  absence  of  oxygen  in 
the  polluted  parts  of  the  rivers,  but  an  ordinary  amount 
of  sewage,  say  from  a  village  discharging  into  an  average 
sized  river,  does  not  by  itself  apparently  injure  fish  lifa 
It  is  only  when  the  aggregation  of  pollutions  becomes 
so  serious  as  to  reduce  the  oxygen  in  the  water  that  fish 
life  begins  to  suffer. 

Q057.  Then  for  an  effluent  passing  into  tidal  water  you 
would  be  satisfied  with  a  purely  chemical  standard,  pro- 
vided it  was  duly  aerated  ? — ^Yes,  duly  aerated,  and  as 
a  rule  a  chemically  pure  effluent  from  my  experience, 
and  I  have  made  a  considerable  number  of  experiments, 
does  contain  a  very  considerable  proportion  of  oxygen, 
especially  an  effluent  that  has  passed  through  double 
contact  beds. 

0058.  Do  you  think  so  whatever  the  process ;  or  are 
you  limiting  your  experience  to  double  contact  beds?— 
Double  contact  tanks,  yes,  and  I  should  say  the  sam# 
thing  applies  to  efficient  laud  filtration. 

9uo9.  {Cliairman.)  In  your  experience  generally  I 
suppose  you  find  it  very  difficult  to  define  streams  that 
are  used  for  drinking  and  streams  that  are  not;  that 
is  to  say,  that  many  streams  might  be  used  for  drink- 
ing { — Yes,  I  suppose  they  might.  In  our  county  two 
of  our  biggest  rivers,  in  their  upper  reaches — well,  for 
some  considerable  distance  down— are  used  for  drinking 
purposes.  The  town  of  Bishop  Auckland  obtains  its 
water  supply  from  the  River  Wear,  and  the  lliver  Wear 
even  within  two  or  three  miles  of  the  intake  is  grossly 
polluted  with  sewage,  and  as  you  know  the  town  of 
Darlington  and  also  Stockton  to  some  extent  derives  its 
water  from  the  River  Tees,  which  is  a  fairly  pure  river, 
although  it  takes  the  sewage  effluenits  of  Barnard  Castle 
and  Middleton,  and  other  smaHJ  villages  on  the  river 
banks.  The  whole  of  the  sewage  entering  the  Tees  is 
now  fairly  well  purified  at  sewage  disposal  works  of  some 
kind  or  another,  buit  there  is  no  doubt  all  those  rivers 
might  be  and  are  no  doubt  used  both  by  cattle  and 
human  befngs  for  drinking  purposes  in  various  parts. 

9060.  Would  you  be  able  to  say  from  your  own  ex- 
perience whether  you  have  ever  known  of  a  case  where 
cattle  have  been  poisoned  by  pathogenic  organisms 
Koing  into  a  stream  ? — No,  not  from  my  own  experience. 
I  know  there  have  been  some  actions  in  the  county  of 
Durham  for  deaths  of  cattle  from  drinking  impure 
water  owing  to  pollutions. 

9061.  (Mr,  Power.)  Anthrax  was  that? — No,  I  re- 
member one  case  in  the  Chester-le-Street  district  where 
two  or  three  cattle  were  aMeged  to  have  been  killed  by 
drinking  from  a  very  foully  polluted  stream,  but  I  have 
no  official  knowledge  of  anything  of  ithe  kind.  The 
County  Council  never  had  lany  complaints. 

9062.  (Chairman.)  But  you  would  not  be  at  all  sur- 
prised if  you  heard  of  a  case? — Not  at  all  if  the  stream  is 
very  much  x>oIluted.  When  I  say  pathogenic  organisms, 
I  would  not  like  to  specify  the  particular  organism. 

9063.  No,  but  you  would  not  be  surprised  to  hear  of 
cattle  suffering  from  drinking  from  a  polluted  stream? 
— Oh,  no,  not  at  all ;  I  should  think  it  highly  probable. 

9064.  Just  one  general  question  of  a  different  nature. 
You  are  the  Medical  Officer  of  Health  for  the  whole 
county  ? — ^Yes. 

9065.  Well  now,  in  the  villages  I  suppose  there  are 
many  where  there  is  no  system  of  sewage  at  all  ? — A 
very  large  number,  yes. 

9066.  Where  there  are  privies  and  something  of  that 
sort,  the  sewage  is  used  for  manuring  and  digging  it 
into  the  gardens,  and  so  on? — No,  I  am  afraid  that  is 
not  the  case.  In  nearly  all  our  villages,  which  are 
largely  pit  villages,  the  sewage  goes  into  the  nearest 
watercourse,  and  although  we  are  doing  our  utmost  to 
prevent  this  pollution,  'and  are  insisting  on  all  existing 
sewage  diaposal  w^rks  being  kept  in  as 
good  a  cendditiooi  as  possible,  I  am  sorry 
to  say  my  Oounity  Council  has  given  way  to  the 
general  clamour  that  further  action  with  regard  to  pol- 
lutions should  be  suspended  pending  the  report  of  your 
Commission.  It  is  no  use,  my  County  Council  will  not 
press  the  matter  at  present,  and  the  result  is.  as  far  as 


regards  the  further  prevention  of  pollution,  that  we  are. 
at  la  standstill. 

9067.  Then  in  most  of  the  villages  there  is  a  system 
of  drainage  of  some  aort  I — ^A  system  of  drainage. 

9068.  There  are  water  carriers  of  some  kind? — ^Oh, 
yes,  undoubtedly  ;  in  fact,  except  a  few  of  the  smallest 
agricultural  vDlages  I  do  not  know  a  village  where 
there  is  noit  some  system  of  sewerage. 

9069.  (Major-General  Carey,)  Do  you  mean  that  the 
sewage  is  discharged  into  cesspools  or  conveyed  direct 
into  the  stream  ?---Conveyed  direct  into  the  stream  in 
very  many  instances. 

9070.  (Mr,  Power,)  Mainly  slop  sewage,  I  suppose? 
--Slop  sewage  ;  but  my  experience  of  slop  sewage  in.  col- 
liery districts  is  that  it  is  more  offensive  than  ordinary 
domestic  sewage.  The  pitmen  iuse  a  great  deal  of  soap. 
They  wash  themselves  a  grea^  deal,  and  there  is  a  lot  of 
urine,  and  it  is  one  of  tihe  most  offensive  sewages  I  know 
of,  in  many  cases.    * 

9171.  (Major-General  Carey.)  Would  the  nuisance 
which  you  stated  in  the  Tyne  or  the  Wear  be  removed  U 
a  cei'tain  extent  if  the  sewage  was  discharged  on,  say, 
the  strongest  part  of  the  ebb  tide? — I  think  it  wouli^ 
very  largely.  I  think  the  difficulty  with  legard  to  tliiw 
chemical  refuse  is  alniost  insuperable  unless  you  carr^ 
it  riglit  out  into  the  sea,  because  the  volume  of  the 
liquid  is  so  great,  and  it  is  so  offensive  that  I  do  not 
know  of  any  system  of  disposal  thai  would  possibly  deal 
with  it. 

9072.  (Mr.  Power.)  The  rise  and  fall  of  the  Wear  is 
very  great,  is  it  not,  and  it  has  a  rapid  ebb? — ^Yes,  I 
believe  at  Washington  S»taiths,  seven  or  eight  miles  up 
the  river,  it  is  about  16  feet  between  high  and  low  water. 
It  Hows  very  rapidly  indeed,  six  or  seven  or  eight  miles 
an  hour  I  believe — the  tide. 

9073.  (Major-Gencrcd  Carey.)  Have  the  County  Coun- 
cil ever  considered  that  as  a  requirement  which  might 
be  insisted  on  ? — The  question  of  preventing  this  pollu- 
ion? 

9074.  Discharging  on  the  ebb?— No,  they  have  not, 
because  you  see  the  greater  pollution  is  from  the 
county  borough  of  Sunderland,  over  which  the  County 
Council  has  absolutely  no  jurisdiction. 

9075.  (Mr.  Power.)  "HaYe  you  a  standard  of  effluents, 
as  a  County  Council? — ^No,  no  x^anticular  standard. 

9076.  But  you  yourself  i>erson  ally,  have  you  a  pro- 
visional one  thwt  you  judge  effluents  by? — Yes. 

9077.  What  do  you  adopt?— I  think  that  the  albu- 
minoid ammonia  should  not  exceed  '1. 

9078.  Grains  per  gallon  ?— Parts  per  100,000. 

9079.  And  the  oxygen  absorbed? — The  oxygen  ab- 
sorbed should  certainly,  in  my  opinion,  not  exceed  '25 
or  '3. 

9080.  (Mr.  KiUick.)  The  oxygen  absorbed,  for  what 
time  ? — ^During  four  hours  at  S(P  Fahrenheit. 

9081.  Should  not  exceed   25  ?— Or  -3. 

9082.  Do  you  not  think  that  99  per  cent,  of  your 
effluents  if  they  contain  less  than  one  grain  would  not 
putrify  ? — Well,  I  say  that  is  a  maximum,  but  I  have 
heen  carrying  on  for  the  last  two  years  or  more  a  number 
of  experiments  with  regard  to  the  double  contact 
system  of  sewage  disposal  for  a  village  of  4,000  or  5,000 
population,  and  we  have  not  had  the  siightest  difficulty 
in  getting  the  albuminoid  ammonia  down  to  even  '06  and 
•06. 

9083.  (Mr.  Power.)  Purely  domestic  sewage  ? — Purely 
domestic  sewage,  yes,  with  a  certain  amount  of  coal 
dirt  in  it. 

9084.  (Mr.  KiUick.)  But  the  oxygen  absorbed  I  am 
asking  you  about  ? — The  oxygen  absorbed  we  get  down 
to  '15  and  '2,  usually  the  average  is  *22  parts  per 
100,000. 

9085.  That  shows  the  success  of  that  particular 
system  ;  but  suppose  a  works  produced  one  grain  oxygen 
absorbed  by  your  test,  do  you  not  think  that  might  all 
safely  pass  into  a  non-potable  stream? — No,  I  do  not 
think  it  would  ;  my  experience  of  one  grain  of  oxygen 
absorbed  ? 

9086.  Yes,  oxygen  absorbed? — Or  '15  or  '2  of  albu- 
minoid ammonia  is  that  it  usually  does  decompose  ? 

9087.  That  it  does  decompose  ? — Yes. 

9088.  Have  you  made  many  experiments? — ^A  1arg« 
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number.  I  should  think  in  the  last  two  or  three  years 
I  have  made  a  couple  of  hundred  or  more  analyses  of 
sewages  and  of  sewage  eiiluensts  Ixyth  from  land  and  from 
the  result  of  double  contact  tanks. 

9089.  And  your  opinion  is  that  an  effluent  one  grain 

-  oxygen  absorbed  four  hours  8°  F.  would  putiefy  ? — Un- 
doubtedly that  is  my  experience  ;  I  should  consider  that 

.  a  bad  effluent. 

9090.  What  do  you  consider  would  be  a  chemically 
efficient  effluent  to  pass  into  a  non-potable  stream  ? — 
Well,  speaking  generally,  I  consider  the  effluents  the 
best  that  will  not  decompose  on  standing ;  I  mean  to 
say  that  an  effluent  which  is  clear  and  remains'  clear 

^  without  any  signs  of  putrefaction  or  change  in  colour, 
change  in  appearance,  after  standing  for  a  few  days  or 
as  long  as  you  like,  is,  in  my  opinion,  a  satisfactory 
effluent ;  but  effluents  vary  a  great  deal.  It  is  rather 
curious  that  in  some  cases  one  effluent  with  a  small 
amount  of  albuminoid  ammonia  and  oxygen  absorbed 
will  apparently  undergo  changes,  and  become  to  a  cer- 
tain extent  offensive,  while  another  effluent  containing 
rather  more  of  this  evidence  of  ormnic  matter  will  not 
become  offensive,  and  is  a  good  effluent. 

9091.  (Mr.  Fower.)  From  the  same  bacteria  beds,  do 
.  you  mean? — Even  from  the  same  bacteria  beds  some- 
times, yes  ;  but  I  was  referring  especially — I  had  in  m^- 
mind  different  installations.  I  hnd  myself,  and  it  is 
rather  a  curious  thing,  that  the  effluents  from  land 
were  more  likely  to  decompose  than  the  effluents  from 
double  contact  filters,  taking  the  amount  of  organic 
constituents  in  the  same  as  equal.  That  has  apparently 
been  an  undoubted  experience  of  mine. 

9092.  (Mr.  KiUick.)  These  effluents  that  do  not 
putrefy  do  you  find  that  they  contain  nitrates? — Yes, 
nearly  always.  I  may  say  the  average  of,  I  think,  it 
is  90,  at  any  rate  it  is  considerably  over  50,  analyses  of 
this  double  contact  system  I  was  telling  you  of,  was 
1  part  per  100,000  of  nitrogen  a«  nitrates. 

9093.  Are  you  dealing  with  the  whole  of  the  streams 
in  the  county  of  Durham  from  the  County  Council  ? — 
Yes. 

9094.  And  you  say  you  do  not  lay  down  any  standard, 
simply  urge  them  to  proceed  with  their  works? — To 
proceed  with  their  works,  yes,  and  in  several  instances 
wo  have  gone  to  the  length  of  taking  legal  proceedings 
to  enforce  a  satisfactory  effluent. 

9095.  You  have  taken  legal  proceedings  ? — Yes. 

9096.  What  progress  are  you  making  generally 
throughout  the  county? — Generally  very  good.  W  itn 
regard  to  the  River  Tees,  as  I  was  saying,  we  have  got 
practically  the  whole  of  the  pollutions  stopped  of  which 

-  complaint  was  made  by  Dr.  Barry  in  his  Report  of 
1891,  and  taking  the  River  Wear  we  have  insisted  on 
the  Corporation  laying  down  sewage  disnosal  works  for 
the  City  of  Durham,  and  generally  throughout  the 
county  we  have  got  a  large  number  of  sewage  disposal 
works*  laid  down  of  various  kinds ;  but,  as  I  say,  we  are 
now  hampered  by  the  plea  that  matters  should  stand 
over,  and  they  are  practically  standing  over.  If  there 
is  a  case  of  nuisance  caufling  injury  to  health,  then  we 
go  on  in  spite  of  the  opposition  of  local  authorities,  but 
where  the  pollution  is  apparently  not  causing  danger 
to  the  health  of  the  inhabitants  on  tilie  banks  or  near, 
then  we  are  practically  leaving  the  matter  alone. 

9097.  Have  you  any  case  in  which  you  could  prove 
that  pollution  causes  injury  to  health  ?--Well,  it  would 
be  rather  difficult.  I  think  Durham  City  is  a  case  in 
which  we  should  have  been  undoubtedly  able  to  prove  it, 
because  there  the  river  is  kept  up  by  a  couple  of  dams 
or  weirs,  and  the  sewage  used  to  sink  down, and  the 
river  used  to  putrefy  and  became  undoubtedly  very 
offensive. 

9098.  But  you  have  not  proved  any  case  in  court  t — 
No,  not  proved  any  case. 

9099.  What  are  you  doing  with  the  rural  district 
councils  7 — ^The  same  thing. 

9100.  And  the  cases  of  isolated  farms  or  houses? — 
"^here  we  have  in  some  cases — ^for  instance,  where  they 

have  been  on  the  banks  of  the  Tees,  which  is  the  only 
river  we  have  dealt  with  in  this  matter,   we  have  in- 
sisted upon  them  putting  in  properly  constructed  cess- 
pools, with  an  overflow,  or  in  other  cases  we  haTe 
allowed    them    to    have    tanks   with    radiating    pipes, 
•  sub-irrigation,  I  may  say,    into    gravel    or   sand    for 
some  considerable   distance  round   the  tank,    and  it 
;  gradually  sinks  away,  and  the  results  have  been  fairly 
■  saciiifactoiy,  I  believe,  to  the  county  inspector. 


0101.  In  the  case  of  effluents  going  into  drinking       Mr. 
streams,  what  do  you  ask,  what  standards  do  you  aim  ^-  ^'  ^^ 
at  ? — We  have  not  insisted  on  any  standard  ;  as  a  matter  g  ^ay  i90i. 

of  fact,  we  make  analyses  from  titme  xo  time,  ana  if  we      

find  that  the  effluent  is  bad,  we  at  once  call  the 
attention  of  the  local  authority  to  the  matter,  and,  a« 
a  rule,  it  receives  attention. 

9102.  Might  I  ask  you  what  standards  you  have  in 
your  own  mind  for  effluents  turned  iivto  drinking 
streams? — I  say  it  should  not  exceed  O'l  albuminoid 
ammonia  per  100,000. 

9103,  That  is  for  didnking  streams  i — ^For  drinking 
streams. 

(9104.  I  was  asking  you  just  now  for  non-potabla 
streams  ? — I  was  talking  of  drinking  streams,  because 
we  have  never  dealt  so  far  with  the  question  of  dis- 
charging into  tidal  rivers.  But  I  do  not  see  myself 
that  there  should  be  any  insuperable  difficulty  in 
getting  almost  as  high  a  standard  for,  at  any  rate^  the 
higher  reaches  of  tidal  rivers.  Of  course,  with  regard 
to  the  Borough  of  Sunderland,  for  instance,  it  might  be 
sufficient,  seeing  it  is  very  low  down  the  river,  if  the 
solids  were  especially  taken  out,  ^nd  it  was  disohaiged 
at  ebb  tide  only. 

9106.  Do  you  think  such  a  standard  as  you  mentioned 
would  be  sufficient  for  effluents  turned  into  drinking 
streams  ? — ^Well,  it  is  a  question  of  personal — ^I  am  not 
sure  that  it  would  be,  but  it  is  a  question  as  to  the 
possibility  of  generally  getting  a  purer  effluent. 

9106.  Would  you  not  add  a  bacteriological  test? — 
Well,  you  would  if  you  could  be  certain  as  to  the  nature 
of  the  organisms. 

9107.  Yes  ? — I  am  not  sure  myself  as  to  the  value  of 
*  that  yet.     I  may  say  the  whole  question  of  bacteriology, 

especially  wdth  regard'  to  ^iHae  pathogenic  qualities  of  an 
effluent,  are  at  present  so  uncertain  that  it  is  difficult  to 
give  a  definite  opinion  I  think. 

9108.  (Dr.  Russell)  This  will  be  a  chemical  waste; 
what  is  known  as  an  alkali  waste  ? — Yes. 

9109.  Then,  did  you  make  any  endeavour  to  get  relief 
through  the  Alkali  Act,  which  provides  special  meane  of 
getting  relief  from  nuisance  Uom  alkali  waste? — Yes. 
Unfortunately  these  works  have  been  closed  for  nearly 
20  years.  The  difficulty  is,  there  is  nobody  responsible 
for  this.  The  old  Washington  chemical  works,  which 
produced  this  material  are  defunct ;  have  been  for  many 
years,  and  these  huge  heaps  are,  I  believe,  on  land  be- 
longing to  the  Marquis  of  Londonderry,  who  naturally 
disclaims  all  responsibility.  It  is  of  no  value  to  him, 
the  land,  and  seeing  that  the  expense  of  purifying  the 
sewage  woull  be  so  enormous  the  matter  has  been  al- 
low^ed  to  rest. 

9110.  Of  course  the  age  of  the  heap  makes  no  diffe- 
lence  ;  the  owner  of  the  land  is  still  responsible? — Oh, 
so  he  is,  but  one  must  consider  the  practicability  of 
remedying  the  nuisance.  They  undertook  to  lay  down 
a  new  sewer,  and  to  carry  to  down  below  the  low-water 
mark,  and  that  undoubtedly  has  very  considerably 
mitigated  any  nuisance  ;  but  the  pollution  of  the  river 
of  course  still  occurs. 

9111.  But  the  evolution  of  sulphuretted  hydrogen  is 
less  ? — Oh,  much  less. 

9112.  The  immediate  and  striking  nuisance  is  less? 
— Yes ;  the  immediate  and  striking  nuisance  is  less. 

9113.  You  spoke  of  some  bad  experience  you  had  of 
effluents  from  land  treatment  ? — Yes. 

9114.  Being  putrescible.  Under  what  sort  of  man- 
agement was  this  land  treatment? — Oh,  the  farm  was 
very  badly  managed. 

9115.  Yes? — And  what  is  more,  the  land,  in  my 
opinion 

9116.  Was  unsuitable? — Has  become  not  only  un- 
suitable, but  insufficient  in  area  to  properly  deal  with 
the  sewage,  and  we  are  pressing  the  local  authority 
now,  and  threatened  them  with  an  action.  We  have 
served  them  with  notice  to  lay  down  additional  works. 
We  have  recommended  that  they  should  get  additional 
land,  and  also  pass  the  sewage  through  a  septic  tank 
first ;  there  is  not  sufficient  fall  by  any  other  system. 

9117.  So  your  experience  is  no  discredit  to  land  treat- 
ment ? — Certainly  not ;  one  can  get  just  as  good  effluents 
by  land  treatment  of  ordinary  domestic  sewage  as  witli 
anything  else.     I  am  not  against  land  treatment  at  all. 
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^r.  0118.  You  have  no  great  faith  in  bactezdology,  as  ap- 
T.  B.BUi.  pi{Q^  if^  sewage  effluents  ?— Not  yet ;  I  mean  to  say,  the 
i>  M»y  I90I.  value  of  it  £n  the  future  no  doubt  will  be  enormous, 
but  seeing  that  it  is  almost  at  present  practically  im- 
possible to  ascertain  the  existence  of  any  specific  or- 
ganism beyond  the  bacillus  coli  and  the  enteritidis,  and 
that  the  pathogenic  effects  of  them  are  not  known,  it  is 
almost  too  soon  to  give  a  definite  opinion  as  to  the  value 
of  a  bacteriological  examination. 

9119.  Have  you  read  the  London  Oounty  Council's 
reports  on  that  subject?— Oh,  yes  ;  Dr.  Houston's,  you 
meau? 

9120.  Yes.  He  seemed  to  put  it  a  little  further  on 
than  you  ? — Yes,  he  did.  He  referred,  undoubtedly,  to 
the  danger  and  possible  risk  of  the  discharge  of  such 
effluents,  and  I  quite  agree  with  him  with  regard  to  the 
discharge  into  any  river  which  may  be  used  for  drink- 
ing purposes,  such  as  the  Thames,  or,  as  I  say,  the 
Wear  or  the  Tees,  but  it  is  quite  a  different  matter, 
I  think,  as  regards  discharging  into  big  tidal  waters. 

9121.  (Major-General  Carey.)  In  your  opinion  should 
!)ewage  be  always  treated  before  being  discharged  into 
a  tidal  river  or  estuary?— I  think  so,  any  fresh  addi- 


tion ;  I  do  not  suggest  what  additional  powers  mi)L:ht 
possibly  be  given  to  local  authorities. 

9122.  I  mean  for  the  future  ? — Undoubtedly,  for  the 
future,  I  think  so. 

9123.  Have  you  ever  found  that  the  growth  of  sea- 
weed on  the  foreshore  is  injuriously  affected  by  sewa^^e 
pollution? — No.  I  was  very  much  interested  in  a 
paper  that  was  read  with  regard  to  the  Belfast  I^ongh 
sewage,  and  it  brought  back  to  my  mind  one  experience 
I  had  at  a  small  fishing  village  in  Yorkshire  where  I 
was  staying  for  six  weeks  once.  There  the  seaweerl  is 
most  offensive,  and  sometimes  the  smell  fir-m  it  is 
almost  unbearable.  There  is  a  very  large  amount  of 
seaweed  there,  growing  on  the  rocks. 

9124.  (Mr,  Power,)  Is  that  Bobin  Hood's  Bay?— Yes. 

9125.  I  thought  so ;  I  too  remember  it. — And  the 
whole  of  the  sewage  of  the  village  discharges  into  the 
sea  near  to  the  seaweed,  and  it  is  quite  probable, 
although  I  have  had  no  actual  experience,  that  the 
smell  is  due  to  the  same  cause  as  is  found  in  Belfast 
Lough,  the  aha  latissimum,  I  think  it  is  ;  but  there  is 
no  complaint  of  that  kind  on  our  own  seaboard,  in  my 
county,  in  fact,  there  is  only  one  town. 
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Mr.  G.  V.        9526.  CChairtMm,)  You    are,   I   think,    Dr.    George 
i?R.c?p.^*'  Vivian   Poore,    Professor  of  Medicine   at  University 
College,  London? — ^Yes. 

9527.  You  are  Examiner  in  Medicme  for  the  Uni- 
versity of  London  and  Physician  to  University  College 
Hospital,  etc.  ?~ I  am. 

9528.  And  you  have  done  a  good  deal  of  work  and 
obtained  a  good  deal  of  experience  in  connection  with 
domestic  sewage? — ^Yes. 

9529.  Well,  now,  may  I  ask  you  to  give  us  a  general 
statement  of  your  views? — ^My  work  and  experience 
has  been  mainly  with  domestic  sewage  or  refuse.  My 
object  has  been  to  show — 

That  houses  in  isolated  posilaons  may  be  decent 
and  wholesome  without  a  public  water  supply 
or  public  sewers,  provided  a  reasonable  amount 
of  care  be  exercised  in  their  construction  and 
management. 

My  views  are  set  forth  at  length  in  my  Essays  on 
Rural  Hygiene  (2nd  edit.,  1894),  and  "The  Dwelling 
House  '*  (second  impression,  1898),  both  published  by 
Longmans. 

The  principles  for  which  I  contend  are-~ 

(1)  That  putrescible  refuse  should  not,  where  it 
can  be  avoided,  be  mixed  with  water. 

(2)  That  all  putrescible  refuse,  whether  mixed 
with  water  or  otherwise,  should  be  dealt  with 
on  the  surface  of  the  ground,  i,e.,  in  the 
upper  layers  of  cultivated  sqil.  This  has  been 
the  successful  practice  of  the  agriculturist  in 
all  ages  and  climates. 


Fsecal  matter  ehould  be  covered  with  earth  without 
delay,  in  order  to  prevent  the  breeding  of  "  flies."  Foul 
odours  cease  as  soon  as  the  faeces  are  covered  with 
a  thin  layer  of  soil.  The  conversion  of  "ieeces"  into 
"  soil "  is  a  process  which  seems_to  dei>end  upon  the 
growth  of  fungoid  organisms.  This  conversion  appears 
to  be  quickest  in  "fine  growing  weather,"  when  sun- 
shine and  warmth  alternate  with  showers.  It  is  greatly 
facilitated  by  tillage,  by  which  the  fasces  and  soil  are 
commingled  and  the  aeration  of  the  soil  is  ensured. 
In  cold  weather  the  process  is  retarded,  and  during 
the  drenching  rains  of  late  autumn  and  winter  appears 
to  be  at  a  standstill.  My  experience  leads  me  to  the 
conviction  that  during  the  heaviest  rains  of  winter 
faeces  are  not  washed  downwards  into  the  subsoil! 
After  months  of  heavy  rain  the  faecal  matter  sur- 
rounded by  a  close,  sticky  envelope  of  soil  remains 
clearly  recognisable  as  such.  With  the  warmth  of 
spring  following  the  pulverisinff  action  of  frost  their 
disappearance  is  rapid.  The  fungi  for  which  faces 
serve  as  a  cultivating  medium  are  many  of  them 
macroscopic  and  coloured,  white,  red,  yellow,  and 
black.  The  foul  smell  of  faeces  superficially  buried  is 
very  transient,  and  I  am  not  able  to  offer  any  evi- 
dence that  the  ultimate  conversion  of  faeces  into  soil 
IS  accompanied  by  putrefactive  or  ammoniacal  decom- 
position. So  soon  as  the  fjeces  have  been  converted 
into  soil,  such  soil  may  be  used  again  for  the  conver- 
sion of  more  faeces,  and  so  on  continuously,  so  that 
with  care  one  can  never  run  short  of  soil  for  the  treat- 
ment  of  faeces. 

For  eighteen  years  ray  garden  at  Andover  has  re. 
ceived  daily  (except  Sundays)  the  faeces  from  19  to  23 
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cottages  (the  number  has  varied  owing  tu  the  demoli- 
tion of  four  cottages).  These  faeces  are  packed 
methodically  and  carefully  in  shallow  parallel  furrows 
less  than  one  spit  deep,  and  carefully  covered.  When 
this  operation  is  complete  the  ground  has  the  appear- 
ance of  a  carefully-prepared  garden  *'  bed."  It  is  well, 
both  from  the  economic  and  sanitary  standpoint,  to 
take  at  least  two  crops  from  land  thus  treated.  The 
tirst  crop  should  be  of  the  cabbage  order,  and  should 
be  raised  from  plants,  dibbled  in  at  the  earliest  oppor- 
tunity. The  second  crop  may  be  anything  suited  to 
the  soil  and  situation.  Not  only  is  the  second  crop 
very  valuable,  but  the  tillage  entailed  by  it  ensures 
the  complete  hiimihcation  of  the  f<^cal  matter.  As 
this  process  involves  no  **  nuisance."  except  at  the 
moment  of  emptying  the  buckets  into  the  furrows, 
and  as  land  thus  treated  increases  in  fertility  and 
beauty  and  freshens  the  air  by  its  growfh  of  verdure, 
there  is  an  obvious  advantage  in  having  such  land  as 
near  the  house  as  possible.  The  ideal  condition  is 
that  every  cottage  should  have  a  i^arden,  and  that 
every  cottager  should,  every  morning,  decently  cover 
in  the  manner  I  have  indicated  the  fx'cal  accumula- 
tion of  the  previous  tweiity- four  hours.  Failing  that, 
every  village  should  have  a  sanitary  garden  in  a  cen- 
tral position,  to  which  the  scavengings  should  be 
brought  every  morning  in  a  covered  vessel.  An  elderly 
man  should  be  appointed  to  act  as  scavenger  and 
gardener,  and  in  addition  to  his  wages  he  should  re- 
receive  ten  per  cent,  on  the  sale  of  the  produce  of  the 
garden.  A  couple  of  acres  of  land  should  be  ample 
for  dealing  methodically  with  the  excreta  of  1,000 
I)ersons,  and  such  land  must  become  very  fertile,  and 
should  produce  sufficient  to  pay  wages.  My  garden  at 
Andover  is  entered  from  the  street,  and  is  near  the 
centre  of  the  town.  My  cottages  are  mainly  in  two 
rows  of  nine  each.  In  the  early  morning  the  scavenger 
■loe9  to  the  back  of  these  rows,  empties  the  accumulated 
excreta  into  buckets  provided  witli  lids,  and  takes 
them  to  the  garden  (two  minutes*  walk),  and  deals 
with  them  as  described.  On  ordinary  mornings  two 
journeys  from  privies  to  garden  are  required,  and  on 
^londays  sometimes  four.  Twenty  minutes  to  half  an 
hour  thus  suffices  for  the  ultimate  disposal  of  the 
freces  of  a  xK>pulation  which  I  think  averages  about 
100.  ]VIy  garden  has  one  acre,  one  rood,  seven  perches, 
under  the  spade.  During  the  last  three  years  the  pro- 
duce haft  been  locally  disposed  of  ?or  £78,  £82,  £91. 
Its  fertility  has  steadily  increased  from  the  first,  and 
appears  to  be  still  increasing.  It  is  a  place  of  con- 
siderable beauty,  and  has  been  the  scene  of  several 
garden  parties. 

Most  scavenging  schemes  are  doomed  to  failure  by 
the  cost  of  transport.  The  distance  travelled  and  the 
weight  carried  are  often  both  needlessly  great. 

A  daily  removal  is  to  be  aimed  at  as  being  most 
sanitary  and  economic.  The  buckets  used  for  the 
transport  of  f.neces  must  be  scraped  out  and  dusted 
with  soil  or  ash.  No  washing  or  whitewashing  is  ad- 
visable, and  no  antiseptic  chemicals  must  under  any 
circumstances  be  used.  The  soil  is  the  best  of  all 
-  deodorants  and  antiseptics. 

In  the  middle  of  my  garden  is  a  well  which  affords 
evidence  that  no  pollutions  are  washed  downwards  to 
the  subsoil  warf^r.  The  weH  is  shallow,  little  more  than 
a  dip  hole.  The  bottom  is  5^  feet  from  the  surface  of 
the  ground ;  the  sides  are  lin^  with  concrete,  and  there 
is  a  parapet  and  cover.  In  ten  years  there  has  been  no 
accumulaition  of  mud,  and  on  looking  into  the  well  one 
i*an  see  the  stones  at  the  bottom  quite  clearly.  The 
lining  of  the  well  remains  perfectly  clean.  The  water 
is  bright,  colourless,  odourless,  and  tasteless.  The 
water  is  hard.  An  analysis  made  by  the  kte  Sir  Edward 
Frankland  is  given  in  "Rural  Hygiene"  (p.  305),  and  it 
has  been  found  singularly  free  from  bacteria.  I  have 
no  doubts  as  to  the  wholesomeness  of  the  water,  and 
I  believe  the  well  to  be  a  safe  one,  because  one  can  tho- 
roughly inspect  it,  and  see  the  sides  and  bottom,  wihile 
I  now  that  there  are  no  sewers  or  ce.sspooLs,  leaking 
under  pressure,  in  its  imoneddate  neighbourhood.  The 
only  pollution  of  this  well  is  from  spiders  and  wood-lice, 
which  crawl  under  the  lid.  I  have  not  been  able  to  pre- 
vent this,  and  still  retain  the  power  of  looking  into  the 
well.  When  it  is  remembered  that  the  depth  of  water 
in  the  well  is  only  3i  feet  and  the  diameter  2^  feet,  and 
thai  the  quantiiy  of  water  s-tandang  in  the  well  is  not 
more,  probably,  than  90  gallons,  it  is  (ybvious  tiiat  a 
rolony  of  wood-lice  might  seriously  affect  an  analysis. 
In  judging  of  the  safety  of  such  a  well  one  must  be 
guided  by  one's  ordinary  sen5»es  and  knowledge  of  cir- 
•  cum  stances. 


If  one  can  get  a  safe  water  from  a  surface  well  in  the   Mr.  /;.  y, 
middle  of  a  garden  mianured  with  hunuin  fsBces,  that  Pf»ti,u.i>., 
is  a  fact  of  very  great  importance.    I  have  drunk  ths     ^'^'°[^' 
w^ater  from  my  wedl  repeated'ly,   as,   also,  have  my  21  May  imi. 
friends.  ' 

In  the  dscent,  wholesome,  and  profitable  disposal  of 
excrement  there  is  no  difficulty.  The  only  things 
needed  are  the  will  to  do  it,  a  bit  of  land  and  a  set  of 
garden  tools. 

But  I  have  often  been  told,  that  it  is  of  little  use  to 
provide  for  the  disposal  of  ez)creaneni  only ;  that  slop 
water  must  be  got  rid  of ;  and  that  as  sewers  are  neces- 
sary it  is  good  economy  to  utilise  them  for  the  convey- 
ance of  excreta  as  well  as  slop  water.  Even  in  those 
places  where  there  is  a  public  water-supply  under  pres- 
sure (without  which  it  is  impossible  to  put  excreta  into 
pjewers)  I  dou'bt  the  justness  of  the  above  conclusions 
(see  *'  The  Dwelling  House/'  p.  69).  In  any  case  the 
disposal  of  slop  water  must  arise  as  an  independent 
question  in  most  villages. 

Domestic  slop  water  is  not  foul  smelling  until  putre- 
faction sets  in,  and  putrefaction  should  not  be  allowed 
to  occur. 

The  waste  pipes  of  all  sdnks  should  terminate  at  least 
2ft.  6in.  above  the  level  of  the  ground ;  they  should  be 
short,  and  contain  no  trap. 

Between  the  waste  pipe  and  the  ground  there  shoald 
be  interposed  (a)  a  strainer,  and  (6)  a  coarse  filter. 

The  best  strainer  is  a  basket  with  a  wisp  of  straw  in 
it,  which  should  be  changed  as  often  as  it  gets  foul  or 
clogged.  The  contents  may  be  given  to  the  chickens  ox 
put  upon  the  manure  heap. 

The  filter  may  consist  of  a  special  vessel  or  a  sal- 
van  ised  iron  bucket  with  a  hole  in  the  bottom,  filled 
w^ith  ooke(  or  clinker  varying  in  size  from  peas  or 
marbles  (at  the  bottom),  to  French  walnuts  at  the  top. 

The  effluent  from  the  filter  should  run  into  a  **  filtra- 
tion gutter,"  which  consdsts  of  a  perfbrated'  gutter  laid 
upon  coarse  rubble  of  any  kind  (lumps  of  chalk, 
broken  brick,  gravel,  clinker,  coke),  contained  in  a 
trench  or  arranged  as  a  bank.  Filtration  guttering  ie 
now  made  in  cast  iron  by  Messrs.  Tasker,  of  the  Water- 
loo Iix)n  Foundry,  Andover,  and  costs  Is.  6d.  per  foot 
run.  It  is  sufficiently  stout  to  be  taken  over  a  path 
without  risk  of  breakage  from  a  cart  or  wheelbarrow. 
The  guttering  is  nine  inches  wide,  and  has  horizontal 
flanges,  and  is  perforated  with  conical  holes  having  the 
small  ends  upwards,  so  that  the  perforations  cannot 
get  jammed  and  clogged.  The  surface  of  the  gutter  can 
be  swept  clean,  and  wihile  it  allows  water  to  soak  away 
it  prevents  the  rubble  beneath  from  gettins  clogged  by 
fallen  leaves,  etc.  The  level  of  the  guttering  must  be 
accurately  maintained  by  loose  brides  placed  at  the 
junctions  of  the  lengths  of  guttering,  which  are  6  feet 
each.  The  rubble  is  finally  packed  in  the  trendi 
beneath  the  gutter. 

The  sides  of  the  filtration  gutter  should  be  planted 
with  some  plant  which  likes  moisture,  such  as  the  rasp- 
berry or  black  currant.  The  length  of  gutter  required 
will  depend  upon  the  amount  of  slops  and  the  nature  of 
the  soil. 

Arrangements  such  as  I  have  described  were  made 
for  a  new  cottage  built  on  the  chalk  near  Andover  in 
September,  1900.  The  straw  in  the  basket  has  been 
changed  a)bout  once  a  fortniriit.  The  filter  of  clinkers 
has  not  been  recharged  at  all,  and  there  is  no  evidence 
that  the  slops  have  travelled  more  than  six  feet  along 
the  filtration  gutter,  of  which  24  feet  were  provided. 

After  eight  months  continuous  use  (washing  done  at 
home)  there  is  no  smell  of  any  kind,  no  evidence  of 
extra  moisture  at  the  sides  of  the  gutter,  and  the  rasp- 
berry canes  are  flourishing. 

Slop  water  when  fresh  not  being  foul  smelling,  there 
is  no  necessity  to  carry  it  in  dlosed  pipes.  I  prefer  open 
gutters,  and  am  convinced  that  closed  pipes  breed  foul 
smells.  This  may  be  due  to  undetected  stoppages, 
which  cause  stagnation  and  putrefaction,  or  possibly  "to 
the  action  of  ferments  which  grow  in  darkness.  I  have 
no  doubt  as  to  the  fact  of  the  smells. 

It  is  often  an  advantage  to  take  waste  waters  ia 
different  directions,  and  it  is  obvious  that  by  lessening 
the  quantity  of  fluid  taken  to  any  one  spot  we  lessea 
the  risk  of  saturating  the  soil. 

In  country  houses  where  w«ter-closets  are  insisted  on, 
I  think  it  would  be  a  good  plan  to  treat  them  separately 
and  allow  the  slop  water  to  flow  in  open  gutters. 
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Mr.  0.  F.       0630.  {Professor  Ramsay.)  I  fancy,  Dr.  Poore,  Ihat  your 

poore,  1I.D.,  process  appiHes  simply  to  rural  hygienie,  not  to  towns 

'JJ.  '     or  cities.    Your  object  is  not  to  apply  that  system  to 

2ii^y  1901.  large  towns  or  cities,  but  merely  to  country  districts  1— 

I  do  not  tbiuk  it  is  practicable  in  towns  ss  at  present 

oonfirfaituted.    It  might  be  in  a  town  specially  built  with 

that  idea ;  towns  rising  in  colonies.    That  is  to  say,  if 

they  were  properly  designed  ab  initio,  with  closets  of 

proper  construction,  so  that  they  could  be  cleared  every 

day»  it  night  be  practicable,  but  in  cities—overcrowded 

cities— of  an  old  country  like  this  I  do  not  think  it  is 

practicaA>le. 

0531.  While  we  are  on  that  subject,  might  I  just 
suggest  thait  such  a  town  as  Melbourne  is  very  widely 
bailt ;  the  town  of  Melbourne,  I  believe,  extends  over 
an  enormous  district,  and  mosit  of  the  houses  are  what 
one  would  call  "villa  houses"  in  their  own  grounds. 
Do  you  think  it  would  be  applicable  there  ?— I  do  not 
know  Melbourne,  but,  from  that  point  of  view,  cer- 
tainty. Yes,  it  would  be  applicable,  if  not  to  the  en- 
tirety of  the  town,  to  a  very  large  part  of  it,  certainly. 

0532.  Then  another  quesitiion  is  this.  Such  towns  as 
Madras,  Calcutta,  and  Bombay ;  they  also  consist  of 
bungalows,  eadh  having  its  acre  or  acre  and  a  half  of 
ground;  for  that  part  of  those  towms  you  think  this 
would  be  a  suitable  system  to  apply  ?— Speaking  in 
absoluto  ignorance  of  the  towns,  yes,  and  taking  the 
fact  of  the  large  appanage,  I  should  answer  yes. 

8533.  In  your  statement  of  evidence  you  make  this 
remark,  "The  conversion  of  fsaces  into  soil  is  a  pro- 
cess ^ich  seems  to  depend  upon  the  growth  of  fungoid 
organisms."  Is  therr  a  proof  of  that  ?— Only  naked  eye 
proof,  but  wherever  in  turning  up  soil  after  a  few 
weeks  or  a  few  months,  aftor  feces  have  been  buried, 
you  can  distinctly  trace  the  masses  of  faecal  manure, 
and  those  mosses  of  fiecal  manure  are  riddled  with 
fungi — ^riddled  with  fungi  of  many  kinds.  I  am  not  a 
fungologist,  but  it  is  obvious  you  can  see  the  myce- 
lium, and  you  can  see  the  different  forms  growing 
through  the  masses,  sometimes  red  fungi,  sometimes 
white  fungi,  sometimes  black  fungi. 

0634.  Do  you  think  that  tihe  growth  of  fungi  precedes 
or  succeeds  bacteria,  or  is  cotemporaneous  ?— That  I  do 
not  know. 

8535.  No  one  has  ev«r  attempted  to  elucidate  that? 
— ^Not  to  my  knowledge. 

8536.  A  little  further  on  you  state  that "  after  months 
of  heavy  rain  faecal  matter  surrounded  by  a  close, 
sticky  envelope  of  soil  remains  clearly  recognisable  as 
such."  ELave  you  many  proofs  of  those? — ^Repeated 
proofs  in  my  own  garden  at  Andover.  I  remember 
some  years  ago.  Dr.  Seaton,  the  Medical  Officer  of 
Health  for  Surrey,  visited  my  garden  wiiAi  another 
gentleman  belonging  to  the  Surrey  Oounty  Council,  and 
it  was  an  exceptionally  wet  autumn.  In  demonstrating 
to  them  I  first  noticed  what  I  state  to  be  the  fact,  that 
in  the  very  wet  seasons,  when  the  earth  is  reduced  to 
a  close,  sticky  condition,  the  fasces  remain  recognisable 
as  such  inside  of  an  envelope,  something  like  a  pud- 
ding crust,  and  as  long  as  this  condition  of  things 
lasts  the  feeoes  do  not  disappear;  but  when  the  cold 
of  winter  comes,  and  they  get  broken  up  by  the  frost, 
and  that  is  succeeded  by  the  warmth  of  spring, 
the  disappearance  is  very  quick.  Making  re- 
peated olwervations  in  my  garden^  at  Andover 
— I  have  made  these  particular  observations  now  for  7 
or  8  years — 1  have  noticed— and  I  think  I  can  state  the 
fact  without  hesitation — ^that  in  wet  weather  in  drench- 
ing rains  the  conversion  is  longest  in  taking  place.  If 
you  get  sunshine  alternatinsj  with  showers,  a  certain 
amount  of  moisture  succeeded  by  warmth,  then  the 
conversion  of  fsecal  manure  in  the  soil  is  proportionately 
quick. 

8537.  Do  you  notice  any  difference  in  the  character 
of  the  soil  in  which  the  facal  manure  is  buried  in 
effecting  the  rapidity  of  the  oonveraion  ?— I  have  had  no 
opportunity  of  doing  so.  The  soil  in  my  garden  is 
tolerably  uniform. 

8638.  Is  it  a  clay  soil? — ^No,  I  suppose  it  is,  geo- 
logically, gravel.  It  is  close  to  a  trout  stream,  and 
is  part,  probably,  of  the  old  river  bed  ;  it  is  a  very 
few  feet  above  the  level  of  the  water. 

8538.  I  think  in  your  book,  "  Rural  Hygiene,"  you 
state  that  the  garden  soil  produced  by  the  human 
fncces  and  mixed  can  be  utilised  again  for  ground 
closets  ? — ^Yes. 

8540.  And  the  manure  can  be  returned  profitably  to 


the  soil,  and  will  effect  the  conversion  of  a  new  lot 
of  faeces  ? — ^Yes. 

8541.  Do  you  regard  that  as  due  to  nitrifying  or- 
ganisms developing  in  this  mixture  ? — ^Probably  ;  I 
follow  there  the  teachings  of  others,  but  I  know  very 
well  that  it  goes  on  best  when  air  is  admitted,  and  I 
suppose  it  is  an  ordinary  oxidation  process,  due  tc 
nitrifying  organisms,  but  I  have  no  experiments 
of  my  own  showing  whether  they  are  nitrifying  organ- 
isms or  otherwise. 

8542.  Is  it  necessary  to  empty  the  dry  closets  daily? 
Must  the  stuff  put  on  the  soil  be  fresh,  or  might  the 
dry  closets  stand  for  a  week,  and  at  the  end  of  a  week 
be  emptied  ? — ^They  might,  but  to  let  them  stand  for  a 
week,  I  believe,  is  very  undesirable  hygienically,  and. 
I  believe,  leads  to  a  distinct  loss  agriculturally.  When 
I  began  my  experiments  in  this  way,  some  of  my  farm- 
ing friends,  practical  agriculturists,  of  whom  I  know 
many,  came  to  me  ana  sent  messages  that  if  I  per- 
sisted in  burying  f»ces  daily  in  me  soil  I  should^ 
as  they  said,  come  to  grief ;  that  I  should  get  no> 
manurial  value  from  them.  But  I  was  very  desirous 
as  a  sanitarian  to  get  rid  of  this  stuff  every  day  by 
superficial  burying  in  the  earth,  and  after  many  years 
of  experience  I  have  no  hesitation  in  saying  it  is  the 
best  and  the  most  economical  way  of  doing  the  thing, 
provided  you  proceed  as  I  have  proceeded,  that  is, 
after  the  faeces  have  been  buried,  at  the  earliest  oppor- 
tunity, dibbling  in  cabbage  plants ;  and.  what  I  find  is 
that  while  my  dung,  as  the  agriculturiste  say,  is 
^'  ripening,"  I  am  getting  a  crop  of  cabbages,  and  the 
ground  is  left  in  excellent  condition  for  any  other 
garden  crop ;  whether  it  is  a  fruit  or  green  peas,  or 
any  other  more  delicate  vegetables,  the  ground 
is  in  beautiful  condition.  But  it  is  a  risky  experiment 
to  try  and  grow  seeds  in  the  fresh  material,  because 
sometimes  apparently  the  seeds  rot,  and  it  is  not  always  ^ 
successful,  but  if  you  have  a  cabbage  crop  first,  any- 
thing of  the  cabbage  order,  raised  from  plan'te  dibbled 
in— d  fancy  that  is  part  of  the  secret — iken  you  are  per- 
fectly sure  of  gigantic  cabbages,  and  you  are  sure  of  a 
thorough  good  crop  of  anything  else  afterwards  that  is 
suitable  for  the  season. 

8543.  I  do  not  know  whether  we  can  follow  from 
your  description  the  precise  method  in  which  you  dis- 
pose of  the  faecal  matter.  You  say  here  that  you  have 
furrows,  parallel  furrows,  less  than  one  spit? — One 
spit,  that  is  to  say,  one  depth  of  the  spade ;  the 
average  depth  of  the  spade  is  nine  inches. 

8544.  And  carefully  covered,  and  this  takes  the 
manure  from  18  to  23  cottages? — ^Yes. 

8545.  But  supposing  that  we  take  your  own  house 
as  an  example,  do  you  bury  faeces  from  one 
day  in  one  little  place,  and  then  next  dry  go  on  to 
the  next,  and  the  third  day  a  third,  or  do  you  dig 
your  trenches  and  distribute  your  manure  over  the 
whole  area  of  the  trench? — That  all  depends  on  cir- 
cumstances. I  generally  select  a  bit  of  the  garden 
that  wants  doing,  and  get  my  boy  to  proceed  methodi- 
cally along  the  trench  or  furrow.  **  Trenching  "  in  gar- 
dening is  used  technically  for  a  furrow  that  is  more  than 
one  spit  deep ;  the  trenching  is  two  spite  at  least  or 
three,  so  that  I  use  the  word  furrow  insCead  of  trench 
to  indicate  that  it  is  superficial!  and  shallow;  and  it 
must  be  shallow ;  as  long  as  the  dung  is  just  covered 
for  decency*8  sake  that  is  the  ideal  condition ;  bury  it 
as  superficially  as  possible. 

8546.  Then  do  you  teke  up  this  and  apply  it  to  the 
rest  of  the  gar<l*>n  ? — Oh  dear  no  ;  let  *it  remain  —I 
never  alter,  I  never  change  the  position.  I  have  my 
cabbage  crop  and  then  any  other  crop  afterwards  on 
the  same  spot. 

8547.  But  when  you  wish  to  use  this  stuff  again,  do 
you  take  it  after  your  cabbage  crop  has  been  ex- 
hausted?— A.S  a  matter  of  fact,  I  never  do  wish  to 
use  it  again,  but  as  a  matter  of  experiment  I  have 
done  what  has  been  recommended — ^kept  the  stuff  in 
a  shed,  and  let  it  humify  in  a  shed,  and  then  have  used 
that  again. 

8548.  I  notice  that  you  take  three  crops  before  you 
re-manure  the  land —  then  is  that  part  off  which  three 
crops  have  been  taken  re-manured  in  the  same  way  ? — 
I  wish  it  were,  but  I  am  sorry  to  say  that  although  I 
have  only  an  acre  and  a  quarter  o!  garden  and  23  cot- 
tages, my  gardener  complains  that  he  does  not  get 
half  enough  of  stuff.  I  am  afraid  I  teke  more  than 
three  crops  off  the  ground  before  I  re-manure  it. 

8548.  So  that  a  very  small  piece  of  ground  will  suffice  * 
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for  a  very  large  number  of  people? — Oh,  extra- 
ordinarily Bzaall.  That  is,  I  think,  a  fact  that  people 
who  have  not  worked  at  this  methodically  do  not 
understand.  I  went  into  the  calculation  the  other 
day  (see  a  paper  in  th«  Lancet  for  May  18th,  1901,  on 
"Flies  and  the  Science  of  Scavenging")  and  found 
from  actual  measurement,  that  a  trench  or  furrow  one 
spit  deep,  that  is  to  say,  Q  inches  deep  and  seven  inches 
wide  and  eight  feet  long,  would  be  ample  to  take  the 
fsDces  of  100  men. 
9560.  For  how  long  daily? — For  one  day. 

9661.  For  once  ? — ^Fbr  once,  it  is  a  mere  nothing. 
For  1,000  men  the  daily  area  required  is  only  8  feet 
by  6  feet  if  it  is  done  methodically  and  carefuUjr.  Of 
course,  you  may  scatter  the  stuff  all  about,  but  it  has 
to  be  buried  with  very  great  care  and  very  great 
attention  to  detail  if  you  want  to  economise  your 
ground.  Visitors  to  any  garden  (and  I  may  say 
if  any  member  or  members  of  the  Commission  should 
so  far  honour  me  as  to  think  it  worthy  of  a  visit  they 
will  be  welcome)  are  surprised  when  I  say,  "  There  now, 
that  spot  where  Uie  earth  has  been  turaed  up  fresh, 
that  is  where  the  fseoes  from  the  cottages  have  been 
buried  this  morning."  And  they  always  exclaim,  "  Only 
that  little  bit  of  ground."  It  is  very  much  less  than 
one  would  expect,  provided  the  work  is  done  methodi- 
cally and  carefully. 

9552.  What  do  you  do  with  the  crops,  the  first  crops, 
say,  the  cabbage  crops  7 — Sell  them  ail. 

9563.  For  cattle  or  for  human  beings?— Oh,  for 
human  beings,  and  there  is  great  oompetitioii  for  them, 
for  the  vegetables  are  absolutely  good,  first  rate.  In 
the  town  of  Andover  (my  garden  is  in  the  town  of 
Andover)  it  is  notorious  how  the  crops  are  grown, 
I  have  had  scientific  parties  there,  I  have  never  made 
any  secret,  I  have  written  books,  and  so  forth,  and  my 
gardener  finds  a  ready  sale  for  the  vegetables.  He 
could  sell  ten  times  the  quantity.  This  has  been 
partly  a  hobby,  partly  an  experiment  of  mine,  and  I 
largely  recoup  myself  by  the  sale  of  the  vegetables. 
This  last  year  I  sold  £91  worth  of  vegetebles  and  fruit  ' 
out  of  one  acre  and  one  quarter  and  seven  perches,  and 
here  are  my  garden  accounts  for  the  year,  and  every 
kind  of  vegetable  has  been  tabulated.  For  instance,  I 
sold  £19  worth  of  apples,  £3  worth  of  gooseberries, 
£4  lis.  worth  of  potatoes,  and  £6  or  £6  worth  of 
cabbages ;  raspberries,  rhubarb,  peaches,  £5  7s.  lOd. ; 
and  I  may  say  this,  that  my  crop  of  outdoor  peaches 
manured  entirely  in  this  way  is,  so  my  friends  say, 
phenomenal:  My  crop  of  outdoor  peaches  never  seems 
to  fail,  and  I  think  there  are  gentlemen  here  that  will 
admit  that  the  money  produced  is  exceptionally  large 
considering  the  acreage,  and  it  is  exceptionally  large 
when  you  consider  that  I  am  not  a  market  gardener, 
and  my  gardener  is  little  more  than  a  labourer  ;  he  is 
an  intelligent,  hard  working  man,  but  he  is  not  what 
would  be  called  a  skilled  gardener,  he  does  what  I  tell 
him.  And  so  that  I  feel  sure,  as  I  have  always  said, 
that  if  this  system  were  tried  in  a  village  or  by  any 
great  landlord,  that  at  least  it  would  pay  the  wages ; 
the  return  of  the  crops  does  a  great  deal  more  than 
pay  my  wages.  My  garden  is  also  a  place  of  some 
beauty,  there  are  lawns  fo  be  mov^ed  and  flowers  to 
be  looked  after  and  so  forth,  so  that  I  cannot  bring  my 
accounts  as  a  market  gardener  would.  The  £91  is  not 
profit,  I  may  nay  ;  it  is  the  value  of  (the  produce.  My 
garden  is  my  amusement,  and  you  cannot  go  into  trade 
accounts  with  a  thing  which  is  half  a  hobby  and  half  an 
amusement. 

9554.  I  think  you  say  there  is  absolutely  no  smell 
from  these  trenches  ? — Absolutely  none. 

9555.  And,  therefore,  you  can  place  them  as  near 
the  house  as  you  like  ? — ^x  es,  certainly ;  and,  of  course, 
the  savins  of  transport  is  immense.  I  have  always 
adopted  uie  view  that  fceces  properly  used  are  our 
friends  not  our  enemies,  and  that  they  are  capable  of 
being  made  to  return  a  great  deal  of  health  and 
pleasure. 

9556.  I  think  it  would  be  very  interesting  if  you 
could  possibly  give  to  the  Commission  a  statement  of 
the  acreage  required  for,  say,  1,000  people  for  a  year 
on  the  basis  of  your  own  experience.  I  mean  yon  have 
made  one  calculation  as  to  what  piece  of  land  will  take 
1 00  people  for  a  day ;  can  one  take  that  as  the  basis 
for  a  calculation  of  1,000  people  for  a  year? — ^I  have 
very  often  been  asked  for  units  of  that  kind,  and  I 
have  always  been  veiy  chary  about  giving  them,  be- 
cause my  experience  is  all  entirely  in  one  soil.  Per- 
haps, if  you  got  to  clays  or  sands  your  experience  might 
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be  different  from  mine,  and  I  am  very  chary  about  say-    Mr.  g.  v. 
ing  in  this  matter  more  than  I  know ;  but  looking  at  ^^'^*^^'' 
my  own  garden,  I  should  say  that  certainly  a  couple  of       LU  ' 
acres  of  land  would  be  enough  for  1,000,  because  it  takes  21  M«yi9oi. 
me  five  years  to  go  round  with  a  population  of  from  100 
to  120.      I  cannot  go  nearer  than  that,  because  cottage 
populations  are  always  shifting,  and  one  does  not  quite 
know  from  week  to  week  how  many  people  there   are 
there. 

9557.  (Colond  Harding,)  That  is  to  deal  with  faecal 
matter? — Fiecal  manure. 

9568.  No  slop  water? — ^No  slop  water. 

9559.  (Professor  Bamsay,)  Have  you  any  difficulty 
in  getting  people  to  do  what  you  want — ^the  popula- 
tion of  the  cottages  ? — Oh !  I  had  at  first.    The  cottages 
— ^well,     they    stank    abominably.       The    old   privies 
were   a   scandal,   and   the  water-closets   were   worse. 
They  were  full  of  old  booto  and  oyster  ehells,  and 
would  not  act,  and  were  in  a  horrid  c<»idition.      When 
I  told  some  of  the  women  I  was  goinff  to  take  away  their 
water-closets  there  was  an  outcry ;  but  I  turned  a  per- 
feotly  deaf  ear  to  the  outcry,  and  they  saw  that  I  was 
firm  in  the  matter.      I  said,  '^I  ehal!  be  exceedingly 
sorry    to    lose    you;     I    understand    you    have    been 
excellent    tenants,     but    you    must    make     up    your 
minds    I     am     going     to    do     this."      And    I    did, 
and      my      cotti^es      are     aways      full ;       I     never 
have     had    any    difficulty    in    getting    tenants,     and 
when  my  jcottages  get  empty  I  am   told  that  there 
are  two  or  three  people  who  would  be  glad  to  have 
them.     The  rents  are  low,  and  the  rents  have  been 
very  little  raised  indeed.    For  town  rents  they  are 
exceptionally  low.     My  highest  rent,  for  instance,  for 
quite     a     big     cottage     is     4s.       Town     rents     are 
running    up    very    much    for    small    tenements,    but 
still    1     remain     at    4s. — ^my    highest    rent — and     I 
have  one  four-roomed  cottage  which  at  one  time  had 
eleven  people  and  a  greyhound  in  it,  and  they  paid  me 
2s.   6d.    Probably,   I  was  encouraging  over-crowding 
there  ;  but  I  was  not  answerable  for  the  eleven  people. 
I  did  not  know  what  to  do.     I  have  never  had  any 
difficulty  with  tenants;    neither  have  I  had  any  diffi- 
culty in  getting  a  scavenger-— cone  whatever.    When 
my  scavenging  post  falls  vacant,  as  it  has  three  or 
four  times,  there  are  several  applicants.      I  generally 
have  an  elderly  man,  I  find  that  is  best.      The  work  is 
not     hard,     and    an     elderly    man     is    very    steady. 
And     again,     my     gardener     getting     a     percentage 
on     the     produce     of     the     garden,      I     have      no 
difficulty    with     him  —  none    whatever.      I     find     it 
very   often    stated   by    gardeners    that   human    excre- 
ment is  no  use  for  fruit  trees  or  anything  else.     Of 
course  Uiat  is  nothing  but  profound  ignorance,  as  the 
Chinese  and  the  Dutch  bear  witness,  and  I  suppose 
half  the  garden  produce  we  eai  in  this  country  haa 
been  imported  from  Holland  and  grown  on  faeces — 
human  faeces. 

9660.  The  cottagers,  then,  have  nothing  to  do  with 
the  disposal  of  the  sewage  ? — Nothing  whatever. 

9661.  (MajoT'GeneraJ  Carey.)  How  would  vqu  apply 
that  in  a  rural  village  ?    This  is  a  system  which  you 
are  suggesting  as  applicable  to  the  disposal  of  sewage  < 
in  rural  villages,  is  it  not? — ^Yes. 

9662.  Under  what  supervision  would  the  disposal  of 
faecal  manure  be  carried  out? — Supposing  the  squire, 
for  instance,  appointed  an  old  retainer — a  middle-aged 
man — as  scavenger  and  gardener,  and  allotted  a  piece- 
of  land  in  the  middle  of  the  village  for  the  disposal  of 
this  material,  and  gave  him  a  percentage  on  the  crops^ 
I  cannot  see  where  the  difficulty  is. 

9563.  The  occupiers  of  the  cottages  could  not  be  com- 
pelled to  dispose  of  their  feecal  manure  on  this  piece  of 
land  ? — They  might  be  bound  to  dispose,  of  it  on  this 
piece  of  land  or  dispose  of  it  satisfactorily  on  their  own 
gardens— <yae  way  or  the  other. 

9564.  There  is  no  supervision,  and  there  is  nothing 
to  prevent  a  very  oonsideiable  nuisance  being 
created  if  they  did  not  dispose  of  their  sewage  in  this 
way  ? — ^I  should  have  thou^t  the  squire  of  the  village 
mia:bt  have  got  sufficient  ITold  over  his  people  to 
reason  with  them.  I  am  strongly  suspicious  ths4;,  now 
that  I  have  demonstrated  the  great  utniiy  of  this  mate- 
rial tr>  my  own  tenants,  a  good  deal  of  it  is  taken  surrep- 
titiously to  the  allotments.  Sometimes  when  the 
allotment  gardening  is  at  its  height  my  scavenger  tells 
me  that  the  material  is  not  as  bulky  as  il  ought  to  be, 
and  I  suppose  that  that  is  where  it  goes. 

9565.  If   you   are   trenching   this    cottage    sewage. 
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Mr.  G.  V.    in    your    garden    in    a    gravel    soil,    and    you    have 
^Tk'ot^'*  *    ^^^    within   20   or    130    feet    of    the    trench,    you 
'-il  '     do  not  anticipate  that  there  will  be  the  slightest  risk 
ti May  1901.  to  the  purity  oi  the  water? — ^None  whatever,  provided 
it  is  buried  superficially,   and  is  allowed  to  oxidise 
in    the    superficial    layers    of   the    soil.      I    have    in 
the  middle  of  my  garden  a  well.    It  is  only  between 
5  and  6  feet  feet  deep,  and  it  is  lined  to  the  very 
bottom  with  concrete  pipes,  and  these  concrete  pipes 
are  cemented  at  their  junctions,  and  outside  the  con- 
crete pipe  is  four  inches  of  concrete,  and  there  is  a 
good  parapet  and  a  good  cover,  so  that  no  water  can 

¥ossibly  enter  that  well  except  through  the  bottom, 
here  can  be  no  spilling  or  slopping  from  the  sides, 
which  of  course  would  be  a  danger  under  such  cir- 
cumstances, and  no  water  can  possibly  enter  except 
through  the  bottom  of  the  well.  That  well  has  been 
made  now  ten  years.  Sir  Edward  Frankland  reported 
the  water  as  organically  very  pure.  I  have  since  had 
another  analysis  made  of  it  which  is  equally  satis- 
factory. And  the  bacteriological  analyses,  one  of 
which  was  made  by  Dr.  Oartwright  Wood,  of  the 
laboratories  on  the  Embankment,  showed  a  singular 
purity  from  the  bacterial  point  of  view.  So  that  my 
own  belief  is  that,  seeing  that  the  well  is  kept  per- 
fectly clean,  that  there  is  no  evidence  of  leakage 
through  the  junctions  of  the  pipes,  that  I  can  see  the 
gravel  at  the  bottom  to-day  as  plainly  as  I  could  ten 
years  ago,  and  seeing  further  that  I  have  drunk  the 
water  a^ain  and  again  and  again  without  any  hesita- 
tion, and  seeing  and  knowing  as  !^do  that  in  wet 
weather  the  fnsces  remain  in  the  soil  and  do  not  wash 
out  of  it,  I  speak  with  what  sounds  perhaps  like  very 
great  boldness  in  this  matter,  and  I  believe  you  can 
get  pure  water  with  a  properly  constructed  well  from 
the  middle  of  a  garden  manured  in  this  way. 

9566.  I  do  not  quite  understand  why  the  f»ces  are 
not  washed  through  the  gravel  subsoil  in  heavy  rain? 
— ^I  take  it  the  reason  is  that  certain  oxidising 
organisms  probably  do  not  grow  inside  the  close  puf 
ding  crust,  as  I  call  it,  of  soil,  which  forms  round.  I 
have  no  doubt  about  the  fact  at  all.  Whatever  the  ex- 
planation may  be,  I  have  no  doubt  about  the  fact  that 
in  strong  rains  the  ground  gets  so  sticky  that  it  holds 
everything  tight. 

9567.  (Professor  Bamsay.)  You  would  have  no  ob- 

J'ection  to  allow  us  to  take  samples  of  the  water? — 
^one  whatever ;  but  I  have  ^iven  vou  reasons  in  this 
paper  of  mine  that  my  only  difficulty  with  the  well  is 
not  from  leakage  but  from  insects  getting  into  it  It 
has  a  cover  which  I  take  off  in  order  to  demonstrate  it, 
and  in  consequence  of  this  cover  I  cannot  keep  wood 
lice  out  of  it,  and,  of  course,  a  colony  of  wood  lice  in  a 
small  volume  of  water  might  bring  bacteria  or  anything 
else.  Provided  the  whole  circumstances  are  taken  into 
consideration — ^I  have  no  objection  whatever — I  should 
very  much  court  an  examination.  I  am  only  a  seeker 
after  truth  in  the  matter,  and  anything  the  Commission 
may  choose  to  do  I  will  facilitate  in  every  way  in  my 
power. 

,  9568.  The  filtration  of  the  water,  of  course,  woula 

clear  out  the  woodliee  ? — ^Yes  ;  but  would  it  clear  out  die 
bacteria  which  comes  from  the  dead  bodies  of  the  wood- 
lice?  For  instance,  a  very  curious  thing  happened  in 
the  welL  I  took  off  the  cover  one  day,  and  there 
were  the  woodliee,  and  my  gardener,  before  I  could 
touch  him,  did  what  a  man  does.  He  took  his  finger 
and  he  squashed  the  woodliee  on  the  lid  of  the  well. 
The  lid  is  made  of  oak,  covered  with  lead,  and  he  killed 
the  woodliee  in  that  way.  Well  now,  when  you  go  to 
the  well  of  an  autumn  morning  and  take  off  the  lid, 
you  will  always  find  that  there  is  any  amount  of  drip- 
pings from  the  lid,  because  the  water  is  raised  by  the 
Ilea?  of  the  hot  day,  it  is  condensed  in  the  cold  morn- 
ing, and  when  you  take  off  the  lid,  drip,  dnp,  goes  the 
water  from  the  inside  of  the  lid,  not  from  the  oufc- 
sida  The  woodliee— the  dead  woodliee — ^become  per- 
meated with  fungi,  and  you  get  the  drippings  from  the 
fungi  growing  in  a  dead  woodlouse's  body  falling  back 
into  the  well ;  so  that  you  may  get  very  curious  pollu- 
tions of  that  kind.  And  it  is  an  interesting  thing, 
because  it  shows  that  a  well,  if  left  to  itself,  may  be 
self-polluting,  so  to  sneak,  and  it  is  a  difficult  problem 
how  to  keep  the  woodliee  out.  I  wisih  I  could,  and  yet 
retain  the  power  of  inspection.  I  attach  more  im- 
portance to  the  inspection  of  the  well  than  anything 
else. 

9569.  Would  a  glass  top  not  answer? — A  glass  top 
would  not  stop  the  condensation,  and  then  I  do  not 
know  what  the  glass  top  might  do  in  letting  light  in  ;  I 


might  get  a  growth  of  algfls  or  something  on  the  surface; 
of  the  well  if  it  is  not  used  ;  I  do  not  know. 

9570.  You  have  had  no  epidemic  of  any  kind,  I  pre- 
sume, in  the  cottages? — ^None  whatever. 

9571.  Then  as  regards  slop  water.     How  do  you  pro- 
pose to  deal  with  it  ? — I  thiiik  there  is  no  difficulty  in 
dealing  with  slop  water,  provided  you  can  get  the  dis- 
charge pipe  of  your  slops  sufficiently  high  above  the 
level  of  the  ground  to  allow  of  the  slops  lading  strained 
and  filtered.     If  vou  take  the  contents  of  the  kitchen 
sink,  and  if  you  let  i^e  great  bits  of  fat  and  slabs  of 
boiled  cabbage  leaf,  and  things  of  that  kind  run  direct 
on  to  a  gravel  filter  you  will  soon  get  it  choked.     Since 
I  have  adopted  the  plan  which  I  have  described,  of 
entraining  the  slops,  I  have  had  no  difficulty.     I  tried 
many  &ings  for  straining  slope— -copper  strainers  and 
metal  strainers,  but  they  were  none  of  them  quite  satis- 
factory.   At  last  I  thought  to  myself,  "  Why  should  not 
a  basket  and  a  wisp  of  straw  do  for  straining  the  slops?  " 
and  I  may  say  that  that  has  answered  most  admirably. 
It  seems  to  me  to  do  everything  that  is  required,  and  to 
be  the  best  fat  trap  I  have  ever  seen.     The  advantages 
are,  &:et  of  all,  its  cheapness ;  secondly,  that  when  it 
gets  rotten,  as  it  wiU  in  time,  it  can  be  burnt,  and  tfaea 
ithe  wisp  of  straw  oan  be  shaken  out— *if  there  are  many 
tea  leaves  and  so  forth— over  the  dung  heap,  or  you 
may  bum  it,  and  put  in  a  fresh  wisp  of  straw.    In 
replacing  the  straw  in  that  way  you  do  a  very  im- 
portant thing,  you  give  a  new  direction  to  the  water. 
Very  often  through  strainers  you  find  that  water  takes 
one  channel,  and  it  works  one  channel,  and  with  the 
best  intentions  it  refuses  to  be  strained  as  it  were.   That 
is  a  very  common  thing ;  but  if  you  use  a  wisp  of  straw 
and  put  in  a  fresh  one  every  now  and  again,  you  are  not 
troubled  in  that  way.    This  strainer  is  placed  upon  the 
top  of  a  galvanised  iron  vessel.     I  have  had  a  special 
vessel  made,  but  for  a  cottage  I  do  not  think  it  is  at  all 
necessary.       A  stable  bucket  that  happens  ko  have 
a  hole  in  its  bottom,  and  is  of  no  use  qud  bucket* 
would  probably  be  the  best  thing  that  you  could  use, 
and  if  the  staole  bucket  were  filled  with  any  rubble> 
such  as  broken  clinker,  varying  in  size  from  a  pea  «< 
the  bottom  to  a  French  walnut  at  the  top,  you  would 
then  get  your  slops  well  strained  of  almost  everything 
and  the  most  you  will  get  in  the  effluent  is  a  cloudi- 
ness from  soap  without  any  solid  particles  left  in  it 
And  then  I  let  the  slope  run  finally  on  to  a  "  filtration 
gatter"  which  works  most  admirably  on  the  chalk 
soils  of  Hampshire.    I  have  brought  a  sample  of  a 
filtration  guitter.    At  first  I  built  these  filtration  gutters 
with  maliung  tiles.    I  found  that  was  expensive,  and 
difficult,  so  last  sumoner  I  went  to  a  local  firm  of  iron- 
founders,  Tasker  and  Son,  and  I  got  them  to  make  me 
a  filtration  gutter  of  cast  iron.    Tliis  filtration  gutter  is 
strong  enough  when  laid  to  allow  a  cart  to  pass  over  it,  so 
that  it  can  be  taken  across  the  path  round  a  house.    This 
is  a  very  great  con/venience.     The  holes  in  the  filtztatioiL 
gutter  are  conical ;    they  are  smaller  on  the  top  side 
they  they  are  on  the  under  side,  so  that  they  are  not 
liable  to  get  jammed,  and,  as  far  as  mv  exoorience  goes, 
diey  never  do  get  jammed.    The  surface  ol  the  filtratiox 
gutter  can  be  swept  clean.     One  of  the  difficulties  with 
gravel  filters  is  that  leaves  blow  on  to  the  surface  and 
your  filter  very  soon  gets  clogged  ;    but  this  gutter  can 
be  swept  perfectly  ;lean,  and  your  filtering  goes  on. 
It    is  an  exceedingly  simple    thing  ;    but.  as  far  as 
my  experience  goes,  it  answers  most  admirably,  and  for 
^tting  rid  of  the  slops  of  a  cottage  decently  I  do  not 
think  it  leaves  anything  to  be  desired.      I  have  here  a 
photograph  of  a  cottage  which  was  built  last  year,  and 
the     filtration    gutter   has    been    in    use   since     last 
September.    The  filtration  gutter  was  laid  in  this  way. 
First  we  dug  a  trench  18in.  wide  and  18in.  deep  and 
a4ft.  long,  and  then  from  the  filter  we  laid  our  filtra- 
tion gutter,  maintaining  fhe  level  by  columns  of  brick, 
and  giving  the  slightest  possible  slope  from  the  cottage. 
Having    got  the    level  we   filled  in  the  trench  with 
rubble,  and  planted  the  edge  with  black  currants  and 
raspberries.    There  is  first  the  basket,  then  the  filter, 
and   finally  the  filtration   gutter.      My  cottagers   do 
their  washing  at  home,   so  that  we  are  dealing  with 
complete  cottage  slops.    The  wisp  of  straw  has  been 
changed  once  a  fortnight  about.    The  filter  has  never 
been  changed,  and  I  have  no  evidence  whatever  that 
the  liquids  have  ever  reached  beyond  the  first  6ft.  of 
the    gutter.      I  provided    24ft.    (in  four  6ft.  lengths) 
wishing  to  be  sirfe  ;    but  I  have  no  evidence  whatever 
that   the    liquiols   have    ever  reached    more  than  the 
first   6ft.,  and   that  entirely  accords  with  my  experi- 
ence elsewhere.    I  bring  this  forward  as  the  latent  and 
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the  cheapeet  idea  that  I  have  got.  I  may  say  ihat  this  is 
not  patent ;  there  is  no  patent  of  any  Kind  ;  I  bring  it 
forward  as  a  notion  that  has  been  at  all  events  with  me 
satisfactory. 

9572.  {Major-General  Carey,)  Did  your  basket  oonr 
tinue  to  act  as  a  filter  without  clogging  up  ? — Oh,  yes. 
The  length  jf  time  largely  depends  upon  the  thriftiness 
of  the  housewife,  and  the  amount  of  cooking  that  is  done. 
I  have  particularly  asked  that,  between  my  visits,  the 
thing  should  not  be  touched  unless  it  was  absolutely 
necessary,  and  I  think  if  you  watch  a  sensible,  thrJty, 
family  uf  that  kind — ^there  have  been  three  people  in  this 
cottage — it  is  .perfectly  surprising  how  little  is  wasted. 
They  have  no  chance,  of  course,  of  turning  taps  ana 
letting  any  amount  of  water  run  to  waste.  That  is 
impossible,  the  water  for  the  cottage  has  all  to  be 
pumped,  6o  that  there  is  no  dripping,  no  waste,  and  I  am 
inclined  to  think  that  the  estimate  of  10  gallons  ot 
slops  per  head  per  diem  is  very  much  in  excess  of  the 
truth. 

0573.  {Professor  Bamsay.)  This  is  on  chalk  soil,  of 
course? — Chalk  soil. 

9574.  Would  it  not  be  more  difficult  on  clay  soil  ?— 
STes,  undoubtedly,  and  cai  clay  soil  you  would  have  to 
put  the  filtration  gutter  on  an  artificial  bank  of  gravel. 
Of  course,  everything  is  difficult  with  clay,  which  re- 
quires filtration  whether  it  is  a  bacteria  bed  or  any- 
thing else.  To  get  rid  of  your  water  on  clay  is  always 
a  problem. 

9575.  One  point  I  do  not  quite  see  ;  I  do  not  know 
whether  it  is  quite  clear  to  otner  members  of  the  Com- 
mission. Why  do  you  expect  the  water  to  run  more 
than  5ft. — owing  to  the  holes  in  ithe  first  section  being 
clogged  ?— Yes.  If  the  gutter  got  clogged  and  failed. — 
(TJu  miiness  here  produced  two  small  hotUes  of  Huid  and 
continued.) — General  Carey  was  asking  me  about  the 
well-water  ;  perhaps  these  may  interest  him,  as  show- 
ing the  purifying  efi'ects  of  filtration.  The  parent  of 
this  fluid  is  pure  urine.  It  was  filtered  through  saw- 
dust in  the  year  1895,  so  that  that  urine  is  six  years  old, 
and  there  is  no  suggestion  of  urine  about  it  at  all, 
neither  has  it  ever  putrefied.  Then  this  again  is  urine 
of  1897,  that  has  been  slowly  filtered  through  clay,  and 
there  is  no  suggestion  of  urine,  and  it  has  never 
putrefied. 

9376-7.  {Mr.  KiUick.)  Professor  Bamsay  was  asking 
yoa  about  India  and'  Austiulia;  do  you  know  anything 
*  about  China — the  system  of  sewage  disposal  ? — ^No,  only 
by  reading ;  I  have  never  been  there. 

9578.  There  it  is  returned  daily  to  the  earth  ?— No,  I 
think  not,  and  if  I  may  say  so,  I  think  th«t  is  not  the 
Chinese  method.  The  Chinese,  as  far  <as  I  am  able  to 
lifudersiand,  have  a  dififerenrt  climate  to  ours.  It  is 
a  much  more  calculable  climate  with  regard  to  rainfall. 
I  may  be  wrong,  but  this  is  the  conclusion  I  have 
drawn.  It  is  much  hotter,  and  the  Chinaman  finds 
that  the  best  way  ol  forcing  his  crops  is  to  mix 
the  fooces  with  a  certain  amount  of  urine  and  water,  and 
he  keeps  them  in  tubs  and  buckets,  and  he  does  nob  use 
them  until  a  certain  green  scum  s/ppears  upon  the  sur- 
face of  the  water,  and  when  the  green  scum<  apfpeatts  the 
Chinaman  seems  to  know  that  that  is  the  precise 
moment  when  the  mixture  will  do  his  plants  gooa,  and 
he  doses  the  individual  plants  with  the  mixture.  I  do 
not  think  the  Chinaman  does  what  I  have  done  at  all. 
He  collects  the  stuff  in  towns,  and  keeps  it  in  tubs, 
and  applies  it  liquid,  or  semi-liquid. 

9579.  It  is  removed'  daily  from  the  house  ? — ^I  believe 
it  is. 

9580.  Then  your  opinion  is  that  the  safety  of  your 
system  consists  in  uie  fseces  being  kept  dry^-^Yes, 
you  stop  the  putrefactive  changes  which  are,  at  all 
events,  a  great  annoyance  to  the  nose. 

9681.  Then,  if  the  fseces  are  kept  dry  it  is  not  desir- 
able that  they  should  be  transported  any  distance? — 
No,  I  lihink  there  are  mtany  advantages  in  using  a  piece 
of  ground  for  fsecal  farming  or  barial  that  is  handy, 
because  you  do  away  with  the  expense  of  long 
transport,  and  jrou  do  away  with  the  litUe  danger  there 
may  be  of  spilling  about  the  streets,  and  so  forth.  Then 
again  by  daily  removal  you  do  away  with  tfie  great 
weights.  For  example — may  I  just  quote  an  example  ? 
The  pails  used  in  the  great  municipalities  very  often 
weigh  501bs.  when  they  are  empty,  and  when  they  are 
filled  with  water — ^I  filled  one  with  water  one  day  and 
weighed  it—they  weigh  1861b8.  ;  and  one  of  these 
preat  pails  is  as  much  when  it  is  full  as  two  men  can 
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stagger  under  to  get  it  on  to  a  lorry  ;  and,  of  course,    Mr.  G.  Y. 
if  the  covers  do  not  fit  there  may  be  a  spilling,  and  Poort,  m.d., 
it  is  very  disagreeable  work.    Now,  my  scavenger  going     ^-^f^- 
every  day — my  cottages  are  mainly  in  two  rows,  and  2iMayi90i. 

at   the  back   of    eacU  row    of   nine    houses    he  has      

all  the  privies  close  at  hand — he  takes  two  buckets ; 
and  empties  the  other  seven  into  them  ;  he  puts  a  cover 
on,  and  bearing  one  bucket  in  one  hand  and  one  in  the 
other,  he  transports  it  to  the  jpuden,  which  is  a  very 
few  hundred  yards  distant,  so  that  the  transport  is  a 
very  small  thing.  If  you  have  a  daily  transport,  and 
if  you  have  buckets  of  which  one  man  can  carry  two, 
instead  of  a  receptacle  which  requires  two  men  to  carry, 
then  I  think  it  oan  almost  be  demonstrated  that  you 
can  do  four  clearances  for  the  expense  of  one,  so  far 
as  wages  go. 

9583.  {Professor  Bamsey.)  Do  the  cottagers  put  earth 
system  you  advocate — is  not  suitable  for  populous 
places  ? — No,  unless  you  can  get  daily  removal ;   but  \ 

T  do  not  believe  myself  that  there  is  any  difficulty 
in  the  matter,  provided  the  place  is  properly  built 
for  it.  It  must  oe  properly  built.  If  inconvenient — 
if  one  has  to  go  into  the  house  and  upstairs — any- 
thing of  that  kind — then  I  think  it  is  quite  impossible. 

9583.  {Professor  xt^amsay.)  Do  the  cottagers  put  earth 
in  the  pails  themselves? — No,  I  find  they  have  any 
amount  of  ash  they  might  put  in  ;  they  never  do  any- 
thing of  the  kind,  and  it  is  no  good  expecting  them 
to  do  it ;  but  as  the  stuff  goes  immediately  to  the 
earth,  and  is  not  allowed  to  lie  about,  I  think  that 
is  a  matter  of  very  small  moment. 

9584.  But  do  the  pails,  then,  not  get  very  dirty? — 
They  are  not  more  dirty  after  using  them  six  weekH 
than  they  are  after  using  them  six  minutes.  Very 
often  they  are  much  more  offensive  in  the  first  six 
minutes  than  they  are  at  the  end  of  six  weeks. 

9585.  {Colonel  Harding.)  Your  idea  for  purification  of 
sewage  is  the  absence  of  drains  ?— Oertainly. 

9586.  I  have  myself  found  in  my  experience  of  one 
village,  where  I  have  given  the  matter  same  atten- 
tion, that  the  drains  they  have,  have  been  a  source  of 
very  grave  danger? — ^Yes. 

9587.  Owing  probably  to  the  fact  that  foul  emana- 
tions and  productions  arise  in  t&em  because  they  are 
closed? — I  think  so. 

9588.  And  you  think,  therefore,  that  light  and  air 
are  a  protection? — ^Yes. 

9589.  And  therefore  that  the  old-fashioned  way  of 
allowing  the  slop  waters  to  run  down  the  streets,  as  is 
the  case  in  many  foreign  towns,  is  possibly  a  safer 
course  than  carrying  them  in  closed  drains  ? — ^Well,  it 
has  its  advantages  and  its  disadvantages.  There  are 
many  disadvantages  in  leaving  drains  open.  Things 
get  thrown  into  them,  and  so  forth,  in  a  large  popula- 
tion ;  but  otherwise  from  the  natural  point  of  view, 
apart  from  artificial  meddling,  I  think  it  is  distinctly 
better. 

9590.  And  looking  upon  the  fungoid  and  bacterial 
growths  as  beneficent,  you  would  think  the  use  of 
antiseptics  in  connection  with  household  pails  and 
buckets  is  a  mistake? — If  you  use  antiseptics  of  any 
kind,  you  to  a  certainty  get  agricultural  failure,  and 
I  believe  the  disrepute  into  which  human  faeces  have 
fallen  in  this  country  is  because  chemicals  of  various 
kinds  have  been  added  to  them.  It  is  perfectly 
astonishing  how  small  a  quantity  of  carbolic  acid,  for 
instance,  will  kill  strawberry  plants.  All  tar-producta 
are  the  same.  If  you  make  a  tar  path  in  your  garden, 
as  I  have  done,  you  will  find  that  things  will  die  close  to 
the  edge  of  that  for  long  distances,  and  I  take  it  that 
it  is  due  to  the  tar  products  permeating  the  soil  in 
some  way  and  killing  the  plants.  In  a  country  place 
that  I  know,  the  Hocal  surveyor  protested  he  could  grow 
nothing ;  but  when  I  saw  his  arrangements  I  could  smell 
nothing  but  cai4)olic  acid,  and  of  course  that  is  fatal  to 
making  any  use  of  fsecal  refuse.  I  should  trust  to  the- 
earth  and  the  earth  only. 

9691.  Then  how  far  is  the  excellence  of  the  soil  in. 
your  own  garden  at  Andover  responsible  for  the 
results  which  you  have  obtained.  Would  these  results 
be  likely  to  be  obtained,  do  you  think,  in  other  places 
whero  the  soil  is  much  heavier — more  clay? — ^I  think 
so ;  I  see  no  reason  why  it  should  not.  And  with 
regard  to  my  own  garden  the  productiveness  of  it  has 
increased,  and  is  steadily  increasing.  That  I  have  no 
hesitation  in  saying. 

9592.  I  may  say  that  when  I  induced  a  friend  to  adopt 
earth  closets,  largely  from  having  read   your  excellent 
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Mr.  G.  V.   book  on  "  Kural  Hygiene,"  he  found  »  diflSculty.      His 
pi'ore,u.i>.,  gardener  objected  absolutely  to  deal  with    it,  but   the 
^'—^'     probability  is  that  a  large  pail  was  allowed  after  a  week's 
21  'lay  1001.  use  to  become  full,  and  then  would  be  rather  disagree- 
able  to  handle?— Yes,  that  might  be  it.      It  might  be 
that  a  dealer  in  nitrate  of  soda  was  giving  him  a  commis- 
sion. 

9593.  I  do  not  think  that? — I  have  a  very  strong 
suspicion  of  some  of  these  things. 

9594.  Anyway,  your  suggestion  is  that  in  order  for 
this  work  to  be  accomplished  easily,  in  order  that  this 
material  may  be  handled  readily,  it  must  be  done 
daily  ? — Certainly. 

9595.  That  is  essential? — I  think  it  is  essential  to 
success. 

9596.  A  large  pail  must  not  be  allowed  to  accumulate 
this  matter  for  a  week  or  ten  days  ? — ^If  it  is  carefully 
covered  with  earth,  of  course  there  is  no  offence  from 
it,  but  very  often  it  is  not  carefully  covered.  I  think 
daily  removal  is  the  essence  of  the  whole  thing,  and 
then  you  do  not  get  the  heavy  business  of  dealing  with 
a  large  quantity  at  once. 

9597.  Then  have  you  formed  any  opinion  as  to  the 
advantage  of  a  cesspool  in  connection  with  a  house- 
hold to  let  the  slop  water,  the  bath  water,  and  the 
water-closet,  if  they  will  have  one,  go  into  cesspool,  and 
then  deal  with  the  effluent  from  such  cesspool  at  one  of 
your  filtration  channels,  would  that  be  practicable  ? — No. 
But  why  put  off  the  evil  day,  why  not  deal  with  the 
slop  water  before  it  putrefies?  Why  not  deal  with 
it  while  it  is  perfectly  sweet  ?  My  slop  water  is  abso- 
lutely sweet,  and  if  I  let  it  run  into  a  cesspool  it 
would  stink  in  a  few  days,  and  the  dealing  with  it 
would  be  more  difficult  and  more  obiectionable. 

9598.  You  think  the  cesspool  effluent  could  not  pos- 
sibly pass  through  a  channel  as  you  have  been  sug- 
gesting to  us? — ^The  whole  object  is  to  try  and  avoid 
the  necessity  of  a  cesspool,  which  I  look  upon  as  an 
evil. 

9599.  You  have  been  telling  us  that  in  cases  of 
which  you  have  experience  locally,  the  volume  of 
water  to  be  dealt  with  is  very  small,  that  10  gallons 
a  head  is  probably  an  exaggeration  ? — ^In  a  cottage. 

9600.  In  a  cottage,  but  in  country  houses  and  many 
rural  districts  where  a  much  larger  water  supply  is 
available,  that  volume  would  nse  to  30  or  more 
gallons  a  head,  would  it  not? — Certainly. 

9601.  Would  you  practically  deal  with  it  through 
such  filtration  channels? — ^There  is  a  great  deal  of 
water  in  every  country  house,  which,  when  it  is  dis- 
charged, is  practically  cle&n.  In  the  present  day  a  man 
has  a  bath  in  30  gallons  of  water ;  the  people  indulge 
in  various  athletic  games  and  afterwards  they  have  a 
bath  ;  but  you  may  drink  that  water  ;  there  is  nothing 
offensive  in  it  to  the  eye  or  the  nose  to  warn  you  that 
it  may  not  be  drunk.  Why  on  earth  that  shoula 
ever  be  allowed  to  run  into  a  cesspool  I  cannot  con* 
vceive.  It  seems  to  me  to  be  creating  difficulties,  and 
-when  you  run  it  with  faeces,  in  order  that  tlfb 
fxces  may  putrefy,  and  that  the  whole  thing  may 
become  a  nuisance,  then  I  cannot  understand  it  at  all. 

9602.  Well,  your  suggestions,  Dr.  Poore,  certainly 
are  very  interesting,  and  I  quite  agree  that  if  they  are 
carried  out  with  intelligence  they  probablv  would  be 
extremely  successful  but  the  practical  question 
arises.  Your  have  been  preaching  in  a  most  able, 
not  to  say  amusing  way  for  some  years,  and  has  any 
extension   of  your  system  been   carried   out  in  your 

wown  di'atriot  for  instance? — ^In  the  town  itself?    No. 

9603-4.  But  what  is  the  population?—^, 500  odd. 


9605.  Has  your  excellent  example— I  am  a  thorough 
believer  in  its  success  in  your  own  case,  and  I  am 
quite  sure  di  it  is  intelligently  carried  out  that  it  will 
act  excellently — ^but  has  it  been  followed  locally,  has 
it  been  possible  to  extend  it  locally  in  Andover  and 
the  neighbourhood? — ^I  can  refer  you  to  Bemerton 
near  Sidisbory,  where  Canon  Warre,  the  rector  of 
Bemerton  has  built  cottages,  and  has  dealt  with  tnem 
exactly  as  I  advocate,  and  with  perfect  success. 

9606-7.  Oan  you  give  us  an  instance  of  a  vil- 
lage dealt  with  on  that  plan? — No,  I  cannot. 
I  find  that  the  law  is  against  one;  I  find  that  the 
law  atates — I  think  I  am  righ.t  in  saying  this— 
that  where  two  or  three  cottages  happen  to  drain  into 
one  pipe,  that  that  pipe  becomes  a  eewer  maintainable 
by  the  Council  of  the  district.  I  find  that  that  fact 
alone  is  too  much  for  me.  I  have  been  consulted 
by  many  villages — ^I  think  I  had  better  not  name 
them — notably  one  in  Surrey,  for  instance,  where  the 
houses  were  scattered  all  over  the  place.  Simple 
people  are  easily  persuaded  that  a  sewage  scheme  is  a 
good  thing  for  them,  it  will  lead  to  the  expenditure 
of  several  thousand  pounds,  and  that  then  the  con- 
tractors and  the  men  will  want  to  be  fed,  and 
so  on ;  then  of  eourse  a  sewage  scheme  is  unde- 
niably a  magnificent  thing  for  a  man  who  happens 
to  own  eligible  building  sites  along  the  line  of  sewer, 
and  if  you  have  the  law  as  it  is,  so  that  the  muni- 
cipality is  bound  to  take  the  effluent  and  deal  with  it. 
and  if  you  poll  the  municipality  the  voting  is  almost 
sure  I  think  to  be  in  favour  of  sewerage. 

9608.  Then  does  it  come  to  this,  tuat  you  suggest  this 
to  us  as  applicable  ratiher  to  individual  outlying  houses 
or  to  small  groups  of  houses  independent  of  any  local 
authority,  however  small? — Yes,  what  I  have  always 
advocated,  and  what  I  might  say  again  is  this,  that  I 
think  it  is  a  pity  that  the  sanitary  well-doer  cannot  be. 
so  to  say,  encouraged.  Take  my  own  line  of  action  at 
Andover  ;  I  have  done  this  largely  from  scientific  inte- 
rest, but  I  know  some  x>eople  there  regard  me  as  n  little 
bit  of  a  fool,  because  I  have  to  pay  my  rates,  and  they 
cannot  conceive  why  I  should  bother  about  my  sanita- 
tion. If  some  regard  could  potasibly  be  shown  to  tht" 
man  who  tries  to  do  his  sanitation  and  not  create  a 
nuisance,  I  think  that  we  should  improve  in  those 
matters. 

9609.  {Dr.  BusseU,)  H<o^  does  your  syston  work  in 
winter  time,  in  hard  frost,  say  ?— I  have  never  had  any 
difficulty  at  all — iit  is  rather  a  curious  &ing,  I  am  glad 
Dr.  Russell  has  asked  me  that  question— excepting 
once.  I  should  like  to  tell  you  how  I  think  it  was.  On 
one  winter,  I  was  running  all  my  slops  across  the  garden 
with  a  T<iry  clumsy  arrangement,  and  we  had  a  very 
hard  winter,  and  the  neighbouring  river  was  frozen 
tight,  buit  my  slops  continued  to  run  away.  Two  years 
later  I  was  doing  just  the  same  thing,  but  I  was  inter- 
cepting all  the  urine  for  a  special  series  of  experiments. 
Kone  of  the  urine  was  going  down  with  the  slops.  l%en 
my  gutter  froze.  Whether  the  urine,  by  virtue  of  its 
salts  or  soanething  else,  kept  the  thing  fluid  I  do  noi 
know,  but  there  has  never  been  a  difficulty  at  all. 

9610.  The  trenching  operafion  succeeds? — Well,  in 
the  depth  of  winter,  of  course,  then  you  are  bound  in 
very  heavy  frost  to  store  the  thing  and  keep  it  with  ashes 
and  so  forth,  until  the  weather  mitigates,  th'at  goes 
without  saying. 

9611.  That  is  it? — ^As  you  know,  sir,  in  the  depth 
of  winter,  these  things  are  never  a  nuisance.  It  is  the 
summer  and  autumn  that  is  the  dangerous  limo. 

9612.  That  means  that  in  winter  time  you  have  to 
institute  a  temporary  ash-heap  or  midden? — ^Yes,  in 
winter.   . 


Dr.  Edwaed  Emakttel  Kleik,  m.d.,  f.r.8.,  called  in  ;    and  Examined. 
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9613.  (ChairrMm.)  You  have,  I  think,  studied  the 
bacteria  contained  in  sewage?  Would  you  mind  tell- 
ing us  generally  any  results  you  have  obtained  ? 

1.  The  typhoid  bacillus  has  been  demonstrated  in 

sewage : 

(a)  By  Dr.  Andrews  and  Mr.  Lawes  m  sewage  of 
the  Homerton  Fever  Hospital. 

(6)  By  myself.  The  typhoid  bacillus  was  isolated 
from  fluid  during  the  epidemic  of  typhoid  fever  in 
Worthing.  This  fluid  had  escaped  from  an  old  faulty 
sewer,  and  had  gained  access  to  the  well  supplying 
the  water  of  the  town. 


2.  Bacillus  coli — a  bacillus  abundant  in  sewage — is 
not  always  the  harmless  microbe  that  some  consider  it 
to  be.  Some  strains  of  b.  coli  are  distinctly  virulent, 
e.^.,  the  b.  coli  derived  from  diseased  intestine  is  con- 
spicuously more  virulent  than  that  of  the  normal  in- 
testine. A  number  of  diseased  conditions  of  the  hu- 
man subject  have  been  proved  to  be  caused  by  b.  coli, 
cg.j  certain  forms  of  pneumonia,  abscess,  cystitis, 
some  cases  of  English  cnolera. 

3.  The  spores  of  bacillus  enteritidis  have  in  several 
instances  caused  epidemic  diarrhcea. 

There  exi»ts  at  present  a  j^reat  deal  of  misconception 
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with  regard  to  what  are  d Mined  to  be  Tariations  in  the 
▼irulence  of  this  microbe,  chiefly  on  account  of  the  con- 
fusion oi  this  microbe  with  other  two  (non-pathag>3!nic) 
bacteria,  named  bacillos  bat,yricus  and  bacillns  cadar 
vens  sporogenes.  k.]\  three  microbes  are  generally  as* 
sociated  in  sewage  and  other  matters  presumably  de- 
rived from  sewage  pollution  or  manure. 

4.  Bacillus  pseudotuberculosis  occurs  in  sewage  and 
sewage  effluents,  and  I  would  particularly  draw  atten- 
tion to  the  virulence  of  this  microbe  when  adJministered 
oy  way  of  the  alimentary  canal. 

5.  Another  specific  microbe,  vhich  I  have  isolated 
from  sewage,  is  the  bacillus  pyogenes  cloacinus.  How- 
ever, this  microbe  is  not  of  frequent  occturence. 

6.  A  microbe  which  may,  on  occasion,  be  present  in 
sewage  is  the  cholera  vibrio  ;  such  was  the  case  in  3893 
in  a  HtiII  drain  ;  a  boy  who  with  others  bathed  in  this 
drain  died  of  Asiatic  cholera,  the  others  escaped  with 
•e^ere  diarrhoea. 

7.  A  subject  to  which  I  would  call  attention  is  the 
risk  of  edible  shellfish— oysters,  mussels  and  cockles — 
carrying  typhoid,  and  perhaps  cholera,  infection  to  the 
human  subject 

8.  Pathogenic  microbes  do  not  indefinitely  retain 
their  vitality  in  sewage.  As  a  matter  of  fact,  many  do 
ao  only  for  a  relatively  limited  time  ;  the  longer,  there- 
fore, they  are  retained  in  the  sewage  the  less  likely  are 
they  to  survive.  A  like  limited  vitality  of  pathogenic 
microbes  occurs  also  in  soil.  It  is  therefore  desirable 
in  order  to  eliminate  as  much  as  possible  harmful 
pathogenic  microbes  from  sewage,  to  delay  as  much  as 
poBsibie  the  passage  of  sewage  ^uent  into  rivers.  This 
is  best  achieved,  and  achieved  with  a  double  purpose, 
by  slow  soakage  of  the  sewage  or  its  effluent  through 
land. 

0614.  Do  I  understand  your  opinion  to  be  that  in 
order  to  eliminate  as  much  as  possible  harmful  patho- 
genic microbes  from  sewage  it  is  desirable  to  delay  as 
much  as  possible  the  passage  of  sewage  effluent  into 
rivers  ? — Yes. 

0615.  Well,  that  might  be  described  in  other  words, 
might  it  not,  that  the  more  filtration  you  have  the  more 
you  will  eliminate  those  microbes? — That  is  so,  thac 
would  apply  to  particulate  matter.  The  oftener  and 
the  more  you  filter,  perhaps  I  should  add  the  better  you 
filter,  the  more  you  would  eliminate  the  particulate 
matter. 

9616.  Quite  so.  It  is  more  a  question  of  quantity 
than  of  quality  that  you  would  attach  importance  to? 
— Quantity  ? 

9617.  Well,  that  is  to  say,  it  is  the  amount  of  filtra- 
tion as  distinguished  from  the  material  that  is  used  in 
filtration  to  which  you  would  attach  most  importance? 
— I  do  not  know  that  I  mean  it  in  quite  that  sense  ; 
because  suppose  you  were  dealing  with  very  minute 
bacteria,  and  the  filter  would  permit  these  to  i>a8S 
through,  it  would  not  much  matter  whether  you 
passed  them  twice  or  three  times  through  that  filter. 

0618.  Oh,  quite  so ;  they  would  not  be  filtered  at  all 
if  they  went  through  the  filter? — No. 

0610.  So  long  as  you  could  get  an  effective  filter,  it 
would  not,  I  gather,  be  in  your  opinion  important 
of  what  materials  the  filter  was  made  ? — Not  at  all. 

06^21.  Then  there  is  a  question  that  I  wanted  to 
ask  you,  and  that  is  about  anthrax ;  have  you  had  any 
experience  of  cattle  attacked  by  anthrax? — ^In  what 
sense  ?  I  have  seen  anthrax  in  cattle ;  I  have  examined 
such  cattle. 

0622.  Tou  have  seen  cattle  suffering  from  anthrax  ? — 
Oh,  yes. 

0623.  And  have  you  any  knowledge  of  how  the  disease 
might  have  been  caught  by  them  ? — ^In  the  cases  I  refer 
to,  which  included  cattle  and  sheep,  there  was  no 
question  as  to  how  they  contracted  the  disease ;  that 
did  not  come  under  mv  knowledge.  But  I  know  that 
the  washings  from  a  Bradlford  wool  sorter^s  e^taiblish- 
ment  which  went  into  a  stream  have  produced  anthrax 
in  cattle  that  drank  of  that  water. 

9t)24.  Then  yon  mean  that  cattle  caught  the  disease 
from  drinking  infected  water? — ^Yes. 

0625.  I)o^ou  know  that  as  a  matter  of  fact? — ^Yes, 
I  know  that  as  a  matter  of  fact. 

0626.  (Mr.  Power.)  Anthrax  was  detected  in  the 
effluent  of  which  the  cattle  drank  ? — Oh,  yes,  certainly. 

9627.  In  the  last  paragraph  of  your  evidence  you  say, 


''pathogeiuc  microbes  do  not  indefinitely  retain  their    Dt.b.b. 
vitality  in  sewage."     You  were  insisting  just  now  on      'Min* 
the  usefulness  of  filtration  in  the  arrest  of  particulate  ^•°' ^•'^' 
matter;  but   were   you   not  thinking  that  all  those tiM«y imkl 
microbes  which  did  go  through  mighty  owing  to  their 
detention  during  the  filtration  process,  have  to  some 
extent   lost  tftieir   pathogenicity  ?--Cexltainly   iit   mAj 
have  become  aJterea. 

9628.  They  may  have  become  altered  as  to  their 
virulence  ;  were  they  altered  morphologically  also  ? — 
Yes. 

9b29.  You  have  facts  that  show  that,  have  you?— 
Yes,  I  h2>\e  facts  which  show  that  certain  pathogenic 
organisms  kept  under  conditions  such  as  differ  widely 
fiom  those  obtaining  within  the  animal  body,  are  liable 
to  be  altered  both  in  their  morphological  oharacter,  and 
also  in  their  pathogenicity.  I  do  not  say  all  become 
thus  modified,  but  certain  of  them  do ;  for  inetanioe,  the 
cholera  vibrio  does  readily. 

0630.  Are  you  speaking  now  of  pathoeenic  microbes 
passing  through  land  or  through  artificial  filters  ?— No, 
I  am  Inferring  generally  to  conditions  which  one  might 
describe  as  non-natural  conditions  for  pathogenic  or- 
ganisms. Their  natural  condition  is  the  animal  body. 
Everything  outaide  the  animal  body  is  not  a  natural 
condition  for  these  micro-organisms. 

0631.  Have  you  made  any  observations  as  to  the  con- 
ditions under  which  pathogenic  micro-organisms  in 
sewage  or  in  water  actually  multiply,  become  more 
numerous  ? — For  a  certain  time,  yes,  they  do ;  it 
depends  on  circumstances.  For  instance,  nitrate  added 
to  sterilised  sewage  would  be  a  very  good  means  of 
enabling  certain  organisms  like  the  typhoid  bacillus  to 
multiply,  and  this  multiplication  might  go  on  for  soma 
time. 

0632.  Do  the  typhoid  bacilli  in  those  circumstances 
multiply  at  the  expense  of  the  nitrate;  have  you  had 
any  chemical  examination  of  the  '^nitrate  sewage" 
oefore  and  after  multiplication  in  it  ol  the  typhoid 
bacilli  ? — ^No,  I  have  not  had  any  chemical  examination. 

0633.  The  multiplication  of  the  typhoid  bacillus  that 
dees  take  place  either  in  sewage  or  water  is  not  very 
long  sustained,  is  it  ? — ^No,  it  is  of  only  very  short  dura- 
tion ;  there  soon  appears  a  decrease  in  the  number  of 
the  bacilli. 

9634.  Would  it  be  a  matter  of  days  or  weeks 
during  vrhich  tdie  increase  takes  place;  it  is 
not  invariable,  is  it,  that  increase  takes  place 
under  Laboratory  condutioneli — (D  have  not  the 
blue  book  wdth  me  in  which  any  experiments 
are  described ;  I  can  only  speak  of  generad  results. 
(Blue-hook  handed  to  witness.)  Here  is  a  series  of  ex- 
periments described  wheiein  typhoid  bacilli  were  put 
into  sewage  vo  which  nitrate  had  been  added,  and  I  find 
h€4re  that  there  was  an  increase  in  nine  days;  then 
there  was  15  days  afterwards  a  decrease — a  distinct 
decrease.  On  the  24th  day  there  was  a  still  further 
decrease.  So  one  might  say  that  for  a  comparatively 
short  period  there  was  an  increase,  and  then  a  decrease 
set  in  till  practically  they  disappeared. 

0635.  That  is  the  typhoid  bacilli  disappeared  ? — Yes. 

0636.  You  have  made  parallel  experiments  with 
cholera  vibrios,  have  you  not  ? — The  experiments  with 
cholera  vibrios  did  not  turn  out  quite  the  same.  There 
was  one  instance  in  which  the  cholera  vibrio  seemed  to 
prefer  the  pure  sewage  to  the  nitrate  sewage ;  but  in 
another  experiment  the  reverse  was  the  c&sa  But  in 
both  experiments  the  vibrio  tended  to  die  out  in  the 
sewage. 

0637.  Did  the  cholera  vibrio  undergo  morphological 
change? — Not  in  this  instance.  The  morphological 
change  to  which  you  refer  occurred  when  this  vibrio 
vas  placed  in  sea  water. 

9633.  I  was  intending  to  ask  you  about  that  later. 
You  have  in  that  same  volume  a  report  of  some  experi- 
ments of  adding  these  two  microbes,  the  typhoid  bacillus 
and  the  cholera  vibrio,  to  fresh  water? — ^Yes,  to  fresh 
water. 

0630.  To  fresh  water  of  various  sorts,  tap  water, 
distilled  wat<>r,  and  rain  water? — Certainly,  yes  ;  and 
there  was  a  decrease,  but  they  survived  much  loneer 
than  had  been  Q:enerally  stated  to  be  the  case.  The 
reason  I  think  why  the  results  which  I  obtained  differed 
from  those  tl*at  had  been  obtained  by  otheis  is  very 
easily  understood.  As  a  nde  when  experiments  were 
made  with  reference  to  the  vitality  of  or^nisms  in 
water,  ^he  experimenter   was    satisfied  if,  m  a  small 
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Dr.B.s.   quantity  of  water  examined  at  the  beginning  of  the 

Kuin,      experiment  he  found  many,  and  if  in  a  similar  small 

if.i>^B.&  qi^um^ity  of  water  of  the  same  sample  at  a  later  stage, 

81  May  1901.  he  found  few,  and  then  still  later  found  none.     If  this 

happened  he  came  to  the  conclusion  that  this  organism 

dies  in  the  water. 

• 

9640.  Are  you  speaking  of  cubic  centimetre  as  tho 
amount  tested  in  each  instance,  or  of  a  less  quantity? 
— Of  a  culboic  centimetre.  Well,  I  point  out  that  this 
conclusion  is  not  justified,  because,  supposing  you  put 
into  100  cubic  centdmetree  of  water  100  typhoid  bacilli, 
and  by  shaking  the  sample  you  uniformly  distribute 
the  bacilli  throughout  the  water,  then  each  cubic  centi- 
metre would  contain  one  typhoid  bacillus.      But  sup- 

ffosing  these  100  typhoid  bacilli,  as  they  generally  do, 
ecreased  in  number ;  that  they  did  not  hnd  sufficient 
nutriment  in  the  water,  and  that  the  weaker  ones  went 
to  the  wall ;  so  that  after  three  days  there  were  left  50 
t^-phoid  bacilli  in  the  100  cubic  centimetres.  If  you 
then  repeated  your  experiment  with  one  cubic  centi- 
metre, and  failed  to  find  any  i^yphoid  bacilli  you  might 
conclude  that  the  typhoid  bacilli  had  all  died,  whereas 
there  were  still  50  remaining.  The  method  of  experi- 
mentation that  I  recommend  is  this ;  namely,  to  take 
larger  and  larger  quantities  for  examination. 

9641.  As  time  went  on,  to  take  larger  quantities  of 
the  originally  infected  water  for  testing  purposes  ? — As 
time  went  on.  When  you  come  to  the  point,  for  in- 
stance, that  not  even  5  cubic  centimetres  of  the  w«ter 
yield  any  colonies,  then  use  the  whole  of  the  remaining 
water.  Supposing  there  are  left  80  cubic  centimetres 
in  the  flask,  you  add  to  these  80  cubic  centimetres  of 
water  a  smaJl  quantity  of  phenol  broth,  so  as  to  make 
of  the  whole  a  suitable  numtive  medium,  and  then  you 
incubate  it.  If  one  single  typhoid  bacillus  be  living  it 
would  multiply,  and  next  day — ^in  24  hours — ^you  would 
find  the  fluid  would  be  swarming  with  the  bacilli.  If 
you  find  them  at  all  after  20  days,  20  days  obviously  was 
not  sufficient  to  kill  off  all  the  typhoid  bacilli ;  al- 
though they  had  decreased  in  numbers  considerably 
they  had  not  died  because  at  least  one  was  still  left. 

9642.  Belore,  therefore,  you  can  say  that  a  given 
sample  is  actually  free  from  typhoid  bacilli,  you  have 
to  take,  if  the  sample  be  large  in  amount,  many 
cubic  centimetres  and  obtain  the  particulate  matter 
of  thi9  large  quantity  by  passing  it  through  a 
(say)  Berkef eld  filter  ? — Yes,  when  you  fail,  say  in  10 
cubic  centimetres  to  discover  any  bacilli  you  must  take 
the  whole  of  the  rest  and  deaJ  with  it  in  some  such 
way.  It  is  for  the  reason  that  this  has  not  been  done 
that  the  statements  that  have  been  mad«  as  regards 
the  very  short  vitality  of  microbes  in  water  must  be 
taken  only  to  mean  that  they  have  decreased  therein. 

9643.  In  a  particular  experiment  with  typhoid 
bacillus  in  water  while  you  were  noting  the  decrease 
in  numbers,  did  you  make  any  parallel  observation  as 
to  their  morphological  aspects? — ^In  some  experiments 
I  did.  The  typhoid  bacillus  retained  all  its  morpho- 
logical and  cultural  characteristics. 

9644.  At  the  end  of  how  many  weeks  was  thac? — 
About  six.  They  were  unchanged  in  the  above  res- 
pects, I  mean  to  say  as  long  as  the  experiment  was 
positive ;  in  some  experiments  this  was  the  case  after 
several  weeks. 

9645.  And  the  physiological  effect  of  the  bocillus,  was 
that  decided  at  the  end  of  the  period? — It  is  very 
difficult  to  decide  the  physiological  effect  of  the  tjrphoid 
bacillus,  because  it  can  only  be  tested,  and  that  rela- 
tively, by  subcutaneous  injection.  If  you  inject  a 
fraction  of  a  culture  of  the  t^hoid  bacUlus  into  the 
peritoneal  cavity  of  a  guinea  pig,  the  guinea  pig  would 
generally  die ;  one-fifth,  one-sixth,  one -tenth,  or  one 
fifteenth  of  a  culture  may  be  fatal  according  to  the 
different  derivation  of  the  typhoid  bacillus.  I  mean 
the  typhoid  bacillus  in  its  particular  effect  upon  the 
animal  differs  when  derived  from  different  sources. 
For  instance,  it  is  perfectly  well  known  that  typhoid 
bacillus  directly  taken  from  the  spleen  at  the  post- 
mortem examination  of  a  i^hoid  patient  would  pro- 
duce A  fatal  effect  on  the  guinea  pig  with  one-twentieth 
of  a  culture,  whereas  in  another  case  perhaps  it  would 
requim  one-fifth  of  a  different  culture  to  produce  the 
same  effect.  I  think  perhaps  you  are  referring  to 
another  series  of  experiments  that  I  made  with  the 
cholera  vibrio  from  sea  water. 

9646.  No,  I  was  coming  to  that  later  on.  I  think 
you  made  experiments,  did  you  not,  with  colon  bacilli 
in  the  same  series  with  the  typhoid  bacillus  ? — Yes.  In 
one  set  of  experiments  I  found  that  bacillus  coli  ap- 


peared very  little,  if  at  all,  haidier  than  the  typhoid 
bacillus,  when  submitted  to  the  several  different  waten 
— as  for  instance,  sterile  tap  water  and  non-sterile  tap 
water — and  that  its  persistence  in  the  water  for  so  looi^ 
as  a  fortnight  was  doubtful.  But  in  a  second  set  of 
experiments,  and  working  with  bacillus  coli  from  a 
different  source,  these  micro-organisms  were  easily 
recoverable  from  tap  water,  sterile  and  non-sterile, 
after  the  lapse  of  fully  two  weeks. 

9647.  Would  you  now  tell  the  Commission  broadly 
tho  results  of  your  experiments  with  the  cholera  vibrio  ? 
— The  experiments  with  the  water? 

9648.  Yes,  adding  them  to  water  7 — ^There  are  some  ex- 
periments with  reference  to  West  Middlesex  water.  New 
Biver  water,  ^nd  Kent  water,  infected  with  the  cholera 
vibrios,  and  they  had  oonsiderahly  diminished  in  a  few, 
and  were  quite  superseded  by  others  in  eight  days,  using 
small  quantities  for  experiment.  But  testing,  after  36 
days,  large  quantities  of  the  infected  water,  we  still 
found  some  living  cholera  bacilli.  From  these  experi- 
ments it  follows  that  the  cholera  bacillus  survived  for 
more  than  five  weeks  in  these  water  samples  ;  they  had 
decreased,  of  course,  enormously,  but  still  there  were 
some  left. 

9649.  (Dr.  BusseU,)  Was  that  ordinary  water?— Yes  ; 
West  Middlesex,  New  River  water,  Kent  water. 

9650.  (Mr.  Poioer.)  In  the  fresh  water  did  you  find 
any  morphological  modification  of  the  cholera  vibrio 
during  its  retention  in  the  water? — I  made  no  definite 
observation  of  the  vibrio  in  that  sense  in  fresh  water. 

9650*.  Would  you  now  tell  the  Commission  as  to 
the  behaviour  of  the  typhoid  bacillus  and  the 
cholera  vibrio  in  sea  water ;  you  have  made  a  number 
of  experiments? — ^Yes,  I  have  made  a  number  of  ex- 
periments in  reference  to  that  matter.  Whereas  the 
typhoid  bacillus  did  not  show  any  alteration  in  its 
cultural  characters,  the  cholera  vibrio  showed  very 
distinct  alterations,  which  alterations  manifested 
themselves  first  of  all  by  modification  of  the  power  of 
liquefaction  of  gelatine,  because  the  typical  cholera 
vibrio  liquefies  gelatine  fairly  rapidly.  The  cholera 
vibrio  that  I  experimented  with  was  derived  from  a 
case  of  a  sailor  who  came  from  St.  Petersburg.  There 
was  cholera  then  at  St.  Petersburg,  and  this  sailor 
died — was  isolated  here  at  Denton  Hospital  and  died 
there — and  from  his  intestine  the  cholera  vibrio  wa^ 
derived  with  which  these  experiments  were  made. 
Well,  comparing  the  stock  culture  with  cultures  ob- 
tained from  the  sea  water  infected  from  the  same 
stock  culture,  it  was  noticed  that  in  five  or  six  days 
the  cholera  vibotio  from  the  sea  water  refused 
to  liquefy,  or  did  not  liquefy  gelatine  at  the 
same  ralte  as  the  vibrio  derived  from  the  stocJc. 
Further,  it  altered  its  character  with  reference  t6 
growing  at  blood  temperature;  6ome  of  the  cholera 
vibrios  from  sea  water  refused  to  grow  at  37°  C.  Cul- 
tures  of  these  were  obtained,  but  the  vibrio  did  not 
produce  the  cholera-red  reaction  with  sulphuric  acid,  or 
produced  it  only  very  feebly,  and  later  on  did  not  pro- 
duce it  at  all.  However,  this  did  not  depend,  ap- 
parently, wholly  on  the  duration  of  the  vibrio's  sojourn 
in  sea  water  ;  partly  it  had  relation  to  the  source  whence 
the  vibrio  was  originally  derived.  I  remember  very 
distinctly  there  was  one  vibrio  which  I  still  keep  up  in 
'culture,  which  on  the  Continent  they  call  "Vibno, 
Klein,  No.  3."  It  is  mentioned  in  the  blue-oook  as 
"  No.  3."  That  is  a  vibrio  which  from  tlie  outset,  when 
it  was  first  obtained  from  the  sea-water  tank,  liquefied 
gelatine  most  rapidly ;  in  48  hours  it  gave  cholera-red 
reaction  very  slightly,  and  was  highly  pathogenic — 
more  pathogenic  than  its  parent,  the  St.  Petersburg 
vibrio.  I  mean  a  smaller  dose  was  required  to  be 
injected  into  the  peritoneal  cavity  to  produce  a  fatal 
result  in  24  hours.  Well,  this  vibrio  morphologically 
appeared  the  same  as  its  parent,  except  that  it  liquefied 
gelatine  very  rapidly  and  gave  cholera-red  reaction  very 
much  feebler.  Then  another  difference  was  noticed 
among  these  different  species  or  varieties  of  vibrio  that 
were  obtained  from  such  cholera-infected  sea  water, 
viz.,  a  difference  with  reference  to  their  behaviour  as 
regards  "  serum  reaction."  First  as  to  reaction  in  vitro 
of  the  true  cholera  vibrio  with  the  blood  of  an  animal 
protected  by  repeated  injections  with  small  doses  of  the 
cholera  vibrio.  In  an  animal  protected  by  this  vibrio  the 
blood  acquires  the  power  to  agglutinate  an  emulsion 
of  the  cholera  vibrio ;  adding  a  drop  of  bl&od  of  such 
a  protected  animal  to  an  emulsion  of  the  cholera  vibrio, 
there  is  produced  a  precipitation,  while  the  fluid  be- 
comes clear.  Well  these  different  varieties  that  I  men- 
tioned to  you  just  now  behave  very  differently  in  this 
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respect.  ¥nien  the  blood  of  such  a  protected  guinea- 
pig  was  tested  upon  their  emulsion,  it  was  found  that 
some  of  the  above  varieties  gave  the  reaction  feebly, 
others  gave  the  reaction  not  at  all.  The  particular 
variety  mentioned  as  No.  3  does  not  ^ve  the  reaction 
in  vitro.  Then  there  is  another  reaction,  viz.,  the  re- 
action in  corpore,  or  Pfeiffer's  test :  the  bl<x>d  of  a  guinea 
pig  protected  against  cholera  by  repeated  inoculations, 
has  the  power  to  destroy  a  fatal  dose,  or  to  neutralise 
a  fatal  dose,  of  cholera  vibrio  injected  along  with  it  into 
another  animal. 

065.  Injected  subcutaneously  ? — Intraperitoneally  ; 
for  instance,  if  a  drop  of  blood,  or  a  certain  propor- 
tion of  blood,  of  such  a  protected  guinea-pig  is  added 
to  an  otherwise  fatal  dose  of  cholera  vibrio  and  inject^ 
intraperitoneally  into  a  normal  guinea-pig  it  has  no 
effect  on  that  guinea-pig.  This  is  the  test  in  oor^^ore,  or 
Pfeiffer's  test.  While  some  of  these  varieties  of 
vibrios  obtained  from  the  sea  water  retained  the 
original  character — viz.,  that  of  being  neutralised  in 
their  potency  by  the  blood  of  a  protected  guinea-pig — 
others  had  lost  it.  So,  there  is  no  doubt  that  there  was 
evidence  that  the  sojourn  of  cholera  vibrios  in  sea-water 
is  capable  of  altering  the  cultural  character  and  also  the 
physiological  chara^r  of  this  vibrio. 

0652.  Did  you  observe  any  multiplication  of  them  at 
any  time  in  sea  water  ? — At  first  there  was. 

0653.  A  Uttle?— A  little. 

0654.  And  the  changes  you  have  noted  were  effected 
in  36  days,  did  you  say? — No,  much  shorter  than  that. 

0655.  Much  shorter? — ^After  five  or  six  days. 

0656.  In  particular  instances,  quicker  in  some  sam- 
ples than  in  others? — Yes. 

0657.  Have  you  made  any  observations  differentiating 
the  morphological  characters — cuid  so  far  as  you  can 
judge  of  them — and  the  physiological  propexiiea  of 
typhoid  bacillus  and  of  cholera  vibrio  in  sewage  before 
going  on  to  land  and  in  the  effluent  after  passage 
through  land  ? — ^Well  with  reference  to  typhoid  bacillus 
I  should  not  like  to  express  an  opinion  because  I  have 
not  made  any  direct  experiments  upon  it,  but  I  should 
think  a  delay  of  the  sewage  in  passing  through  land 
would  probably-— perhaps  I  had  better  say  might — alter 
the  typhoid  bacillus  contained  in  the  sewage. 

0658.  A  delay  of  what  time  are  you  thinking  of, 
hours  or  days? — ^Days. 

0650.  And  as  regards  the  cholera  vibrio? — ^I  would 
put  the  time  shorter. 

0660.  Modification,  morphologically  and  physiologi- 
cally, of  the  vibrio  would  take  place  in  shorter  time? 
— There  was  one  instance  where  the  sojourn  of  cholera 
vibrio  in  sewage  distinctly  showed  that  it  altered  its 
chanuster— that  was  the  case  of  the  Sutton  Dyke,  at 
Hull.  The  vibrio  in  the  Sutton  Dyke,  of  Hull,  the 
water  of  which  is  probably  mainly  sewage,  was  altered. 
It  was  altered  at  any  rate  in  this  that  it  liquefied 
gelatine  much  more  rapidly,  and  it  gave  the  Solera 
reaction  much  feebler  than  Koch's  vibrio. 

0661.  When  recovered  from  the  water?— From  the 
wttter,  yes. 

0662.  It  behaved  very  differently  from  that  vibrio 
which  you  obtained  from  the  Hull  boy  at  the  same 
date — the  boy  who  died<  from  cholera  ^^--Certainly. 

0663.  (Professor  Bamsay.)  Haive  you  any  experience 
of  septic  tanks,  Dr.  Klein,  in  this  respect? — I  have 
examined  the  effluents  of  septic  tanks. 

0664.  Have  you  found  any  disease  bacteria  in  them  ? 
— Well,  I  have  found  a  good  many  bacillus  ooli,  and 
have  found  a  good  many  spores  of  the  bacillus  enteri- 

tidis. 

0665.  Tes,  <ihe8e  are  understood  to  be  oominon  in 
«ewage  effluents? — ^You  asked  me  if  I  found  any  or- 
^nisms  that  were  pathogenic. 

0666.  Any  others  ? — ^No,  I  h%\  e  not  found  any  others. 

0667.  You  dSstinffaish  between  ooli  which  are  patho- 
genic and  those  whach  are  not  pathogenic  ?-^ertainly. 

0668.  And  you  found  pathogenic  coli? — ^Yes ;  but 
when  the  question  is  put  to  me  thaf  pathogenic  bacillus 
coli  is  common,  as  I  understood  you  to  suggest,  I  cer- 
tainly demur  to  that 

0660.  Is  it  not  a  very  common  bacterium  ? — Certainly. 

0670.  But  there  are  varieties  of  bacillus  ooli,  some 
of  which  are  pathogenic  and  some  of  which  are  not? — 
Some  of  whioh  are  pathogenic  and  some  of  whdch  arc 
not. 


0671.  (Mr.    Pouxr.)  Have    you   got   the    pathogenic      ^^ 
form  of  B.  coli  out  of  your  effluents  { — ^I  did  not  test  the  u,i>.,  tm 
physiological  action  of  B.  coli  from  any  effluent. 


0672.  {Professor  Bamsay.)  Have  you  any  experience  of 
niitrifying  organisms? — No. 

0673.  Or  of  the  oiganiems  wftuch  produce  sulphuretted 
hydrogen  ? — No. 

0674.  Has  It  occurredi  to  you  at  aU  as  to  how  effluents 
coukl  be  sterilised,  so  as  to  kill  bacteria? — I  should 
think  by  heat,  About  two  or  three  ^ears  ago  there 
were  submiitted  to  me  some  papers  asking  my  opinion 
about  an  appaniftue,  the  object  of  which  was  to  sterihse 
effluents.  The  answer  that  I  gave  was  that  if  this  ap- 
paratus— ^which  was  not  then  constructed,  it  was  only 
on  paper — ^was  possible  of  construction^  I  should 
be  willing  to  go  into  the  matter.  And  that  was  done. 
An  eminent  engineer  and  mathematician  examined 
that  scheme  ana  the  drawings,  and  his  report  was 
that  this  apparatus  was  perfectly  possible  of  constric- 
tion ;  that,  in  fact,  it  would  be  an  easy  matter.  This 
apparatus  had  for  its  object  to  separate  the  solid  matter 
of  sewage  from  the  fluid,  and  to  sterilise  the  fluid  ;  and, 
from  what  I  understood  from  that  description,  the  amount 
of  ammonia  that  vou  wookl  obtain  by  the  process  would 
pay  almost  for  the  coal — for  the  fuel — for  keeping  the 
apparatus  going.  That  is,  of  course,  a  question,  you 
wiU  understand,  I  cannot  say  anything  about;  but,  as 
regards  the  sterilisation,  that,  of  course,  was  jiossiUc. 

0675.  Oould  you  put  the  Oomsnission  on  the  track 
of  the  peopile  you  speak  of  ? — I  oould  find  it  out ;  I  think 
I  have  got  notes  oi  the  matter. 

9676.  Thank  you  very  much?— I  think  Professor 
Unwin  had  to  give  a  report  on  the  apparatus  itself. 

0677.  I  know  him  very  well;  I  oould  easily  get  it 
from  him  in  tlhiat  case?— Oh,  I  oould  find  out. 

0678.  (Colonel  Harding.)  I  should  like  to  ask,  Dr. 
Klein,  wheiiher  the  danger  aziising  from  the  presenoe 
of  pathogenic  bacteria  in  sewage  is  madnliy  connected 
wvth  the  drinking  of  water  into  which  sudh  sewage,  or 
such  sewage  effluents  go? — Well,  perhaps,  not  quite; 
not  aitone  drinking,  bwause  water  might  be  used  for 
various  other  things.  Now,  for  instance,  a  large 
number  of  abscesses  are  known  to  be  due  to  bacillus 
coli — also  cystitis  is  known  to  >be  due  to  bacillus  ooli. 

0670.  That  is  the  external  use  of  water  might  also 
bring  about  dangerous  oondjtkxis? — Yes,  ceitaiiniy. 

0680.  Now,  do  ^u  think  that  it  really  is  a  point  that 
we,  a«t  a  Commission,  ought  to  insist  on,  that  in  view 
of  the  danger  arising  from  these  pathogenic  germs,  the 
effluents  should  be  sterilsed.  It  necessarily  must  be 
very  costly.  It  occurs  to  me  that  inasmuch  as  bacil- 
lus coli  and  enteritidis  exist  in  abundance,  do  they 
not  in  the  body  of  the  normal  heaiUhy  human  beinff,  the 
addition  by  means  of  the  external  use,  or  internal  use, 
of  water  of  a  few  more  bacillus  ooli,  or  enteriditis,  can- 
not be  a  veiy  serious  thing,  can  it  ?~-I  do  not  know. 

0681.  Seeing  that  they  exist  ahready  in  abundance 
in  the  human  organism  ? — ^I  do  not  know ;  I  should  not 
like  to  say  that  you  can  recognise  at  once  every  bacillus 
coli,  or  every  spore  of  bacillus  enteriditis  that  you 
meet,  whether  it  is  pathogenic  or  not.  There  may  be 
00  ooli,  which  are,  perluqis,  harmless,  and  in  the 
hundredth  you  might  meet  with  a  pathogenic  one. 

0682.  3fight  be  virulent  The  practical  point  for  us 
is  to  know  how  for  It  really  would  be  necessary  to  urge 
upon  the  aubhorities  to  go  to  very  serious  expense— I 
estimate  that  it  woukl  be  serious — of  sterilising  their 
effluents  for  the  sake  of  protecting  the  public  from 
germs  which  you  tell  us  are  naturally  in  the  human 
body,  and  have  a  reduced  vitality  elsewhere?— Well,  I 
should  think  it  is  a  question  of  numbers,  is  it  not  ? 

0583.  But  you  tell  us,  do  you  not,  that  in  sewage 
there  is  a  reduced  vitality  of  pathogenic  organisms?-- 
Yes,  there  is. 

0684.  And  1  take  it  that  probably  when  an  effluent 
has  got  into  a  river,  the  oonditions  are  still  less  favour- 
able to  the  development  of  these  pathogenic  genns? — 
Well,  they  might  get  into  a  river,  and  thence  into  a 
back-water,  and  might  there  find  very  suitable  condi- 
tions for  multiplying  again. 

0685.  No  doubt,  in  the  abstract,  the  danger  exists ; 
but  it  is  a  question  as  to  how  far  it  is  worth  the  very 
grave  expense  of  pro^eoting  ourselves  against  what  may 
be  an  exceed-insrly  reiMote  danger? — I  do  not  think  I 
could  answer  that  question. 

0686.  Well,  for  Jistance,  where  a  sewage  effluent  is 
going  into  a  stream  that  is  quite  unlikely  to  be  used 
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Dr.  B.  B.   for  drinkuig  purposes,  would  you  confiider  it  at  all  worth 
^^**>^      while  to  sterilise  all  the  effluent?— I  think  this  is  more  a 
».».,  r.a.8.  jjja^ttor  of  principle,  is  it  not,  to  a  large  extent 

a  May  1901.  Q^gy  Vf^Vi,  it  is  a  (matter,  unforttmately,  of  practice 
also? — ^I  daresay.  Each  one  oase  has  to  be  consadered 
on  its  own  merits ;  but,  if  you  ask  me,  as  a  matter  of 
principle,  on  general  grounds,  I  should  think  you  would 
have  to  adopt  in  all  cases  the  same  plan. 

9688.  lb  occurs  to  me — of  ootuse,  I  am  not  an  eiq>ert 
on  these  matters — that  as  these  pathogenic  germs  have 
not  a  bAitiefactory  haib«tat  in  soiwage^  or  in  streams,  their 
virulence'  would  probetbCy  be  considerably  reduced  by 
passage  through  TariouB  phases  of  sewage  treatment  and 
into  streams,  and  inasmuch  as  the  coli  and  the  enteri- 
tidis  exist  alrmidy  in  abundance  in  the  human  frame 
the  more  or  le&s  remfOte  danger  of  the  add^.tion  of  a  few 
to  the  human  frame  cannot  be  suffibiently  serious  to 
warrant  so  large  an  expenditure  as  would  be  required 
in  sterilianng.  You  have  not  foimed  an  opinion  about 
that  from  the  practical  poant  of  view? — No,  I  have  not. 

9689.  (Professor  Bamsay.)  ELave  you  studied  £he  cel- 
lulose destroying  organisms  at  all  ? — ^That  is  to  say  the 
bacillus  butyricus  of  Prazmowski ;  I  have  not,  because 
1  have  not  beeii  able  to  obtain  that  organism  in  pure 
culture,  nor  do  I  think  have  others  been  able  to.  But 
I  do  not  think  that  bacillus  butyricus  of  Prazmowski 
has  that  marvellous  effect  on  cellulose  which  is  ascribed 
to  it. 

9690.  Do  you  know  if  that  organism  is  found  at  all 
in  sewage  effluent  2—1  do  not  think  anybody  has  found 
it  in  it.  You  mean  the  cellulose  organism  of  Praz- 
mowski ? 

969L  The  cellulose  organism  ?— No,  I  am  not  quite 
sure  whether  the  bacillus  butyricus  of  Prazmowski  is 
found  in  sewage,  or  whether  it  has  got  the  power  of 
destroying  cellulose; 

9692.  That  hte  not  been  investigated  yet? — ^No,  I  do 
hot  think  so. 

9693.  (Mr,  KiUick.)  1  am  not  auite  sure  that  tlie 
questions  that  Colonel  Harding  aaked  you  were  quite 
clear. to  you  and  to  him.  I  think  that  what  he  de- 
sired to  ask  was»  this :  do  you  think  it  is  necessary  to 
sterilize  sewage  effluents  l^at  go  into  a  stream  which 
is  not  intended  for.  drinking  purposes? — ^That  is  not 
intended  for  drinking  or  any  other  domestic  purpose. 

9694.  For  washing  ? — Or  any  other  purpose. 

9696.  Any  other  purpose ?— 'Where  is  it  to  go  to; 
is  that  effluent  to  remain  in  the  stream  or  is  it  to  go 
out  into  the  sea? 

9696.  To  pass  from  the  stream  into  the  sea.  For  in- 
stance, we  will  take  a  concrete  oase.  The  effluent,  we 
will  say,  from  the  Manchester  Sewage  Works  flows 
into  the  Irwell,  which  flows  into  the  Mersey,  which 
flows  into  the  Irish  Sea.  Do  you  think  it  is  necessary 
to  sterilize  that  effluent? — ^How  long  would  the  effluent 
take  to  get  into  a  stream  of  which  the  water  would  be 
used? 

9697.  It  would  never  be  used ;  these  streams  are 
never  used  ? — ^No ;  but  in  the  sea  it  might  come  into 
relation  with  human  beings.  It  would  get  into  the  sea 
perhaps  in  a  few  days,  would  it  not — ^two  or  three  days  ? 

9698.  Yes?— Well,  it  would  be  in  the  sea;  there 
people  would  be  bathing  or  might  be  bathing ;  that  sea 
water  might  indeed  be  used  for  watering  the  streets,  for 
instance,  and  you  mipfht  thus  transfer  it  from  the  Man- 
chester effluent  works  to  the  streets  of  some  other 
place. 

9699.  'But  you  see  that  is  so  very  remote,  and  the 
difficulty  of  inducing  people  to  spend  sufficient  money 
to  sterilize  these  effluents  is  so  very  near  ? — ^Well,  I  am 
afraid  I  could  not  say. 

9700.  (Pr.  Bussdl.)  Is  the  baccillus  coli  a  normal  in- 
habitant of  the  healthy  human  body — ^Yes. 

9701.  And  as  so  found  is  it  pathogenic  ? — ^The  bacillus 
coli,  wKich  is  obtained  from  the  noitmial  intestine  has 
a  feeble  pathogenic  power ;  but  if  there  is  any  dis- 
tnrbance.  in  the  alimentary  canal,  it  is  a  fact,  and  a 
very  curioue  one^  that  you  can  obtain  from  such  bowel 
baciUus  ooli  or  organisms  which  correspond  in  all 
morphological  and  cultural  respect  to  iTpical  bacillus 
ooli,  whidi  are  very  pathogenic. 

9702.  Then  in  the  heallthy  human  being  this  nor- 
mally present  bacillus  coli,  what  do  you  conceive  is  its 
function? — ^Well,  bacillus  coli  is  a  powerful  destroyer 
of  proteids,  and  as  it  is  chiefly  present  in  the  large 
intestine  we  have  a  right  to  assume  that  it  helps  to 


destroy  proteids  there.      It  is  what  one  might  in  a 
certain  sense  call  a  putrefying  organism. 

9703.  So  it  takes  a  useful  port  in  the  economy  I— In  . 
the  large  intestine  it  does.  Very  likely  in  the  laige 
intestine ;  it  is  not  a  proteolytic  organism  like,  for 
instance,  proteus  vulgans  is  ;  that  is  to  say,  it  does 
not  produce  peptones  capable  of  absorption.  The 
bacillus  coli  doe^  not  do  this,  but  at  any  lute  it  does 
produce  some  profound  alteration  in  proteids.  What 
the  real  object  of  that  is  in  the  economy  of  the  body 
I  do  not  think  has  been  at  all  shown. 

9704.  So  that  you  have  got  in  the  normttl  humaa 
body  exactly  the  same  question  as  Mr.  Killick  and 
Colonel  Harding  were  putting  to  you  with  reference 
to  the  chance  exj-stence  of  these  organisms  in  water  and 
external  to  the  human  body ;  that  is  to  say,  that  it  i» 
a  matter  of  conditions? — Yes. 

9706.  Whether  harm  or  no  harm  will  come  from  the 
existence  of  these  organisms? — As  matter  of  fact  a 
variety  ol  determining  ciicumstainces  which  have  not  been 
investigated  are  not  understood-.  Just  to  give  you  one 
instance;  it  has  been  lately  shown  on  very  good 
evidence  t^t  the  bacillus  coli,  when  it  miutipliefr 
in  the  small  intestine  is  a  very  harmful  organism. 
Bacillus  ooli  multiplying  outside  the  body,  in  a  tesi 
tube,  for  instance,  produces  a  powerful  toxin,  a  power- 
ful chemical  poison,  and  there  is  no  reason  to  suppose 
tfhiM^  when,  for  some  reason  or  other  which  we  do  noi 
know,  bacillus  coli  multiplies  copiously  in  the  small 
intestine,  and  multiplies  very  rapidly,  that  it  does  noi 
produce  within  the  intestine  the  same  toxic  principle; 
as,  for  instance,  in  English  cholera.  In  some  cases  of 
English  cholera  you  find  in  the  small  intesfme  ap 
abundance  of  bacillus  coli  which  in  cover  glass  speci- 
mens axe  'found  arranged  in  strealBSr-^.e.,  present  the 
''fi^-in-stream''  arrangement.  Kecently  dysentery  has 
been  associated  with  an  organism  which  is  clearly  of 
the  type  of  bacillus  coli ;  the  same  is  also  asserted  for 
cases  of  simple  diarrhoea  of  children.  So  we  must  draw 
a  distinction  between  bacillus  odd  which  normally  in- 
habits the  large  intestine,  and  bacillus  coli,  which  haa 
multiplied  very  largely  in  the  small  intestine.  What 
the  conditions  are  which  govern  -the  difference  we  do 
not  know.  It  would  be  therefore  quite  unjustifiable  to 
say  of  bacillus  coli  coming  from  the  intestine,  that  it 
is  a  perfectly  harmless  organism ;  for  a  companion  b. 
coli  from  the  same  intestine  from  which  it  was  derived 
nright,  if  it  had  had  the  chance  of  multiplying  in  the 
small  intestine,  produce  those  toxic  principles  which 
we  know  bacillus  coli  does  produce  outside  the  body. 
As  a  matter  of  experimental  evidence,  the  bacillus  ooli 
of  the  normal  guinea  pig's  intestine  is  non- virulent,  but 
the  same  microbe,  when  in  peritonitis  of  the  guinea  pig 
it  passes  from  the  intestine  into  the  pwitoneal  cavity, 
becomes  highly  virulent. 

9706.  But  inside  the  body  all  we  can  do  is  to 
consider  those  conditions.  We  cannot  enter  on  a 
crusade  to  exterminate  the  bacillus  coli,  to  exterminate 
it  from  the  mouth  to  the  anus  ? — ^No ;  certainly  not. 
If  you  say  this  is  a  harmless  organism  which  is  always 
present  in  the  intestine,  then,  of  course,  I  would  Hats 
you  qualify  that.  I  will  give  you  another  instance,  if 
you  will  allow  me,  naoiely,  thd  diplococcus  pneumoniie  ; 
that  is  the  organism  which  is  associated  witli  and  is  a 
cause  of  croupous  pneumonia.  That  oi^anism  is  present 
in  40  to  60  per  cent,  of  normal  human  beings  in  their 
expectoration.  Well,  you  might  say  that  since  the  ex- 
pectoration of  40  to  60  out  of  100  normal  persons  con- 
tains this  diplococcus  pneumonin,  this  diplococcus 
pneumoniae  is  therefore  entirely  to  be  neglected.  Never- 
theless it  is  known  that  in  some  conditions,  what  the 
conditions  are  we  do  not  know,  this  diploooocus  pneu- 
moniae begins  to  multiply  very  largely  in  the  bronchial 
gysteaaXf  and  then  causes  croupous  pneumonia. 

9707.  Does  not  all  that  show  liuw  very  important  it 
is  to  go  beyond  the  determination  of  the  mere  existence 
of  these  organisms? — Certainly ;  that  is  the  very 
point. 

9708.  And  to  consider  the  conditions  under  which 
these  become  enemies  ? — Certainly  ;  again,  that  is  the 
very  point. 

9709.  I  take  it  that  this  principle  which  we  honre 
been  following  out  on  the  line  of  tlie  bacillus  coli  has 
numerous  illusfcrationBy  and  the  dipLooooeot  pnmimoaifi 

is  another? — ^Yes. 

9710.  It  exists  probably  in  my  mouth  ait  the  present 
time,  but  under  certain  circuanstances  it  nuay  be  be- 
come a  deadly  organism  ? — Quite  so. 
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9711.  Whereas  under  present  circumstances,  so  far 
M  one  knows,  it  is  poBaibly  a  beneficent  organiim  ? — 
Whether  it  has  any  portkular  nonnal  function  1  oould 
not  taj.  Nobody  knows  that  But  there  axe  condi- 
tion, of  time,  locality,  disposition,  and  various  other 
circumstances  which  we  do  not  know,  that  quite  clearly 
plar  an  important  part  What  I  mean  to  emjphasize 
u  that  the  cuscovery  of  the  presence  of  certain  microbes 
under  normal  conditions  doee  not  warrant  our  saying  : 
"  Well,  this  microbe  is  a  normal  organism,  it  cannot  do 
any  harm,  and  so  on." 

0712.  I  suppose  the  same  law  applies  to  those  or- 
ganisms as  to  higher  organisms,  that  reproduction  only 
takes  place  in  conditions  of  very  high  vitality,  abun- 
dance of  nutrimicnit? — -Yes;  and  various  other  things 
that  we  do  not  know. 

0713.  But  this  variart>ion  in  the  quantity  or  character 
of  the  nutriment  not  only  affeots  the  vitality  of  the 
organism  as  shown  by  its  reproduction,  but  alio  affects 
its  character,  its  individual  character? — ^In  iU  Inmo- 
tion — ^its  jj^ysiological  function. 

0714.  Tes,  as  regards  its  function,  that  is  to  say  an 
innocent  organism  may  by  certain  change  in  its  nutri> 
ment  become  a  virulent  organism? — Yes,  that  is  cer- 
tainly theoretically  quite  possible. 

0715.  (Major-General  Carey.)  On  tho  last  page  of  your 
evidence  you  say :  "  It  is  therefore  desirable,  in  order 
to  eliminate  as  mu<(^  as  possible,  harmful  pathogenic 
microbes  from  sewage,  to  delay  as  much  as  possible  the 
passage  of  sewage  effluen^t  into  rivers.  This  is  best 
achieved,  and  achieved  with  a  double  purpose,  by 
slow  cpoakage  of  the  sewage  or  its  effluent  through 
land."  You  consider  that  land  is  the  best  medium  for 
depriving  sewage  of  iheee  hanmful  pathogenic  organ- 
isms ? — d  think  it  is  a  very  good  medium. 

0716.  But  you  say  here  the  best :  "  This  is  bevt 
achieved."  Do  you-  consider  that  the  same  result  would 
be  obtained  by  ordinary  artificial  filters  as  by  passing 
sewage  through  land?— ^Well,  as  I  say,  the  ordinary 
filters  are  not  impermeable  for  organisms,  are  thoy  ? 

0717.  Not  impermeable  ? — No  ;  they  would  allow 
organisms  to  pass  through. 

0718.  I  mean  by  artificial  filters  what  are  known 
as  bacteria  filters? — Yes. 

0710.  I  now  understand  you  to  say  that  the  organisms 
would  pass  through  an  ordinary  bacteria  bed,  but  on 
account  of  the  slow  passage  through  land  many  would  be 
stopped? — Well,  we  do  know  by  direct  experiments 
that  these  pathogenic  organisms  have  very  little 
chance  of  survival  when  passing  into  land.  It  is  one 
of  the  most  difficult  thines  to  recover  from  land  for 
instance  the  typhoid  bacifius  or  the  cholera  vibrio  or 
other  pathogenic  organisms ;  it  is  one  of  tho  moat 
difficult  things  to  recover  them  when  we  have  paased 
them  into  the  land. 

0720.  (Sir  Michctd  Foster.)  When  you  can  recover 
non-pathogenic  organisms  ? — ^Yes. 

0721.  You  think  the  land  has  lome  special  influence? 

— It  may  be  the  land  by  its  humus  acid  or  other  con> 
■tituents,  and  the  great  competition  of  other  micro- 
organisms. 

0722.  (Professor  Bamsay,)  You  think  they  perish,  I 
take  it? — They  perish. 

0723.  (Sir  Michael  Foster,)  More  than  the  non- 
pathogenic?— ^Yes,  some  of  the  non-pathogenic  can 
thrive  very  well  in  land. 

0724.  (Major-General  Carey.)  And  that  you  do  not 
obtain  the  same  results  when  passing  the  sewage 
through  an  artificial  filter  ? — I  do  not  think  you  do. 

0725.  (Sir  Michael  Foster.)  But  the  non-pathogenic 
organisms  also  suffer,  do  they  not,  in  passage  through 
a  filter? — ^Yes,  but  the  non-pathogenic  do  not  suffer  to 
the  same  extent  as  the  highly  specialised  ones.  As 
regards  any  organism,  the  more  it  is  capable  of  adapting 
itself  to  the  new  conditions  as  regards  selection  of  pabu- 
lum, the  more  it  has  the  chance  of  surviving.  I  sup- 
pose that  is  the  general  rule. 

0726.  How  does  the  bacillus  coli  get  into  the  human  . 
alimentary  canal  do  you  think  ? — I  know  it  is  there. 

0727.  Is  it  in  the  new  bom? — ^Well,  it  very  soon 
appears.  I  saw  the  other  day  experiments  about 
children,  new-bom  children;  for  the  first  few  days 
there  was  no  bacillus  coli  in  the  foeces,  but  very  ooon 
it  appears.    I  suppose  it  must  get  in. 
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0728.  With  the  food  or  drink  ?— With  the  food  or    z>r.  E.  S. 
drink,  or  some  way  or  other.  5^^  « 

0720.  Do  you  think  that  there  is  any  other  mode  of  — - 
entrance  than  food  or  drink? — I  do  not  think  it  is  *^ 
likely.  You  see  it  is  well  known  that  though  the 
gastric  juice  is  a  very  powerful  I'nfiuence  in 
arresting  the  life  of  non-sporing  organisms,  there  are 
many  conditions  under  which  a  non-sporing  organism 
could  pass  through  the  gastric  juice  unscathed.  Now, 
for  instance,  in  milk ;  experiments  have  been  made 
with  the  cholera  vibrio  in  milk.  Now,  if  this  vibrio  is 
put  into  the  stomach  in  water,  unless  the  quantity  is 
enormous,  it  is  likely  to  be  destroyed  by  the  gastric 
juice;  but  if  it  is  mixed  with  milk  and  put  m  the 
stomach  a  great  many  living  vibrios  may  escape  into  the 
small  inctei^tuie. 

0730.  They  are  sheltered  by  the  ooaguliartaon  of  oon- 
^iituexvts  of  the  milk?— -They  are  sheltered  by  the 
coagulation.  We  know  perfectly  well  a  lot  of  "milk 
which  is  not  digested  in  the  stomach  passes  into  the 
small  intestine  before  it  is  digesfted ;  I  suppose  that  is 
a  very  feasible  explanation. 

0731.  Then  I  understand  your  view  to  be  that  the 
bacillus  coli  ejected  from  the  human  frame,  and  pass- 
ing into  a  stream,  although  as  a  rule  it  is  then  at- 
tenuated, has  been  virulent  before? — ^It  may  be- 
come attenuated  in  course  of  time. 

0732.  You  conceive  that  there  are  possible  conditions 
in  which  its  virulence  may  be  revived  ? — I  should  think 
so. 

0733.  Have  you  any  facts  in  that  direction  ? — Not,  as 
regards  bacillus  coli  from  water. 

0734.  That  is  only  a  general  view  ? — A  surmise  based 
more  or  less  on  experiments  which  have  been  made  m 
a  similar  direction.  It  is  quite  possible  to  get,  under 
new  conditions,  an  enhancement  of  the  virulence  of  an 
organism  that  had  apparently  decreased  in  virulence  for 
some  t'.me. 

0735.  But  you  have  no  positive  facts  ? — Not  as  regards^ 
bacillus  coli  from  water. 

0736.  That  would  lead  one  to  look  to  particular 
conditions  to  which  the  stream  might  be  exposed  7 — ^No. 
I  have  no  experiments  with  reference  to  this  particular 
matter,  though,  as  I  say,  there  are  laboratory  experi- 
ments in  atbundance  to  show  that  while  a  particular 
strain  or  a  particular  organism  dec^^ases  in  virulence, 
when  you  transfer  it  to  a  new  medium  it  increases- 
again  in  virulence. 

0737.  Many  bacillus  coli  are  ejected  from  man  and 
pass  through  the  sewage  into  the  stream.  Do  they  die 
eventually  do  you  think? — Yes,  they  die. 

0738.  What  do  we  know  about  the  life  of  bacillus  coli 
outside  the  animal  organism  ? — We  do  not  know  much 
about  it.  They  decrease  in  number  no  doubt  slower 
than  for  instance  typhoid  bacillus.  The  resistance  of 
bacillus  coli  is  much  greater  than  thai  of  typhoid 
bacillus,  but  what  eventually  becomes  of  them  that  .of 
course  we  do  not  know. 

0730   That  we  do  not  know  ? — That  we  do  not  know. 

0740.  (Mr.  Power.)  Have  they  a  greater  tendency  to 
increase  outside  the  animal  body  than  typhoid  bacillus  ? 
— No,  not  much.  I  should  think  one  might  take  it  aa 
established,  that  an  organism  which  has  its  natural 
condition  in  the  animal  body  would  not  have  the  same 
power  of  multiplication  outside  the  body,  except  you 
give  to  the  organism  conditions  which  in  a  certain  sense 
repeat  those  that  it  had  in  the  animal  body.  For 
instance,  bacillus  coli  c^n  grow  on  our  artificial  media, 
of  course  ;  there  is  there  sbundance  oi  food,  favourable 
temperature,  and  so  on.  Well,  that  is  certainly  an  arti- 
ficial condition,  but  still  it  is  to  a  certain  extent  a 
similar  condition  to  that  of  the  animal  body :  heat, 
moisture,  and  plenty  of  nutriment — suitable  nutriment. 
If  you  put  the  micro-organism  into  a  stream  you 
at  once  cut  dnwn  its  nutriment  to  a  large  extent,  you 
diminish  the  temperature,  and  very  likely  you  add 
other  conditions  which  would  inhibit  to  a  great  extent 
its  power  of  multiplication. 

0741.  (Sir  Michad  Foster.)  But  if  it  is  thrown  for 
instance  on  mud  containing  a  great  deal  of  humus  it 
might  thrive  there  ^Yes,  it  might  thrive  there  if 
organic  materiid  be  present,  and  there  are  not  too 
many  competitors;  it  might  thrive  there  under  such 
conditions 

0742.  (Mr.  Pouter.)  Sufficient  temperature  also? — 
Sufficient  temnerature;  yes. 

3U 
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^pnB.^.     .9745.  (Sir  Michael  Foster.)  U    the    bacilluB    cdi    of 
'Mn.      animala,  do  you  think,  the  same  as  the  bacillus  coli  of 
iLi>^R.8.  ^^  ?_well,    I  think    the   term  "  bacillus  coli "  will 
|a  Mii^  lopi.  sooner  or  later  have  to  be  abandoned,  and  we  will  have 
""-  to  specialise  more.      The  term  **  bacillus  coli "  covers 

now  what  is  well  known  to  be  a  group  of  organisms, 
and  therefore  it  is  very  difScult  to  say  wh»t  any  one 
sample  has  been  in  the  past  In  the  human  subject  yon 
get  *  one  particular  type  of  bacillus  coli,  and  in  an 
animal  you  get  a  different  type  or  perhaps  the  same 
typ6  ;  the  diagnostic  means  wo  have  are  very  few,  com- 
paratively speaking,  and  we  go  only  by  those  that  we 
hare.  We  say  of  a  micro-organism,  if  it  shows  those 
particular  kinds  of  colonies  in  gelatine,  if  it  does  not 
liquefy  gelatine,  if  it  produces  indol  in  broth  culture, 
and  if  it  bubbles  or  produces  gas  in  gelatine-shake, 
and  if  it  curdles  milk  ;  of  it  we  say  this  is  typical 
bacillus  coli  communis.  If  a  bacillus  coli  in  all  other 
respects  similar  shows  a  delay  in  curdling  milk^  or  a 
delay  in  producing  indol,  or  does  not  produce  indol  at 
all,  we  say  that  is  another  variety.  Well,  those  are  all 
very  loose  terms,  extremely  loose,  therefore  it  is  better 
to  regard  for  the  present  bacillus  coli  as  comprising  a 
whole  tribe. 

0744.  I  was  wanting  to  get  your  opinion  on  this: 
Supposing  that  the  organisms  in  excrement  are 
<liscnarged  by  the  sewage  into  the  stream  which  is  not 
used  for  drinking  purposes  or  even  for  the  purpose  of 
'Cleansing  drinking  utensils,  but  yet  may  be  drunk  by 
cattle  do  you  think  there  is  a  chance  of  harm  coming 
back  to  the  human  race  in  that  way T— No ;  I  do  not 
see  how  it  would. 

9745.  You  do  not  think  there  is  risk ;  you  see  no 
possibility  of  disease  coming  round  in  that  way? 
— Well  there  is  one  thing  perhaps  one  might  men- 
tion in  this  connection,  and  that  is  this  :  There  is 
one  particular  variety  of  coli  wfiich  is  known  to 
bacteriologists  as  the  bacillus  of  Gaertner.  Professor 
Gaertner's  attention  was  first  drawn  to  an  outbreak  of 
&  severe  diarrhoea  in  persons  who  had  partaken  of 
SLeat  of  a  calf,  which  meat  did  not  look  normal ;  and  he 
found  in  this  me&t  and  in  the  discharges  of  the  patients 
this  particular  variety  of  coli  which  is  called  oacillus 
enteiitidis  of  Gaertner.  So  you  see  it  is  quite  possible 
that  the  meat  or  the  animal  itself  when  alive  might 
have  been  infected  with  a  bacillus  of  this  group  ol 
the  virulent  sort. 

.  9746.  Was  milk  in  question  ? — ^I  do  not  know  about 
ZQilk,  but  at  any  rate  meat,  and  this  eaten  by  human 
beings,  caused  this  severe  outbreak  of  diarrhoea. 

9747.  You  do  not  think  it  is  possible  that  there  may 
be  organisms  which  discharged  into  a  river  and  then 
getting  on  pasture  and  subsequently  taken  up  by  the 
cow  in  grazing,  might  appear  as  pathogenic  organisms 
in  the  milk  of  the  cow  7 — I  should  not  like  to  say  any- 
thing about  the  milk  in  this  respect,  in  respect  of  coli. 

9748.  Well  I  am  not  saying  coli ;  I  am  taking  the 
organisms  in  the  sewage? — Oh,  yes. 

9749.  You  see  I  am  referring  to  the  danger — the 
possible  danger — of  the  discharge  of  sewage  into  a 
stream,  which  ia  not  used  for  potable  purposes ;  I  am 
asking  whether,  although  you  did  not  use  the  water  for 
potable  purposes,  you  are  secure  against  danger  of  pro- 
pagation of  disease ;  and  I  put  a  case  where  you  think 
it  might  be  possible  you  might  have  ui  organism  in  the 
sewage  discharged  into  a  river,  which,  though  not  drunk 
by  man,  might  be  drunk  by  a  cow,  and  so  be  communi- 
cated to  man  say  by  the  milk  of  the  cow  if 
not  by  the  flesh? — Perhaps  the  diphtherfa  or- 
ganism might  comply  with  ajl  these  requirements. 
There  are  no  experiments  on  record  of  feeding  cowi 
with  diphtheria  bacillus  though  there  are  some  on 
record  of  inoculating  a  cow  with  diphtheria. 

9750.  (Professor  Bamsay.)  Dr.  McGowan  tells  me 
that  at  Norwich  sewage  farm  they  saw  all  the  cows 
drinking  the  sewage  as  it  ran  on  to  the  sewage  farm. 
Would  that  be  productive  of  harm  do  you  think? — I 
could  not  6«y.  I  should  think  it  is  perfectly  possible 
the  sewage  might  be  a  means  of  infecting  cows. 

9751.  (Professor  Boyce.)  You  agree,  Dr.  Klein,  that 
the  isolation  of  the  typhoid  bacillus  is  a  difficult  busi- 
ness, and  one  which  could  only  be  undertaken  by  an 
expert  ? — Certainly. 

9752.  You  regard  the  bacillus  coli  as  significant  of 
sewage  pollution? — The  amount. 

9753.  The  amount?— The  amount  of  bacillus  coli  in 
your  suspended  liquid. 


.9754.  You  lay  great  stress  on  the  amomit? — Cer- 
tainiy.    .   -,  .      ..  ^  .;       ••  ■    .    .       '.      ••  .-u  -i- .  -r 

9755.  Yon  would  consider  a  water  which  eeutainnd 
-a  coaisMiarahte'amdilnt.xz(tl)««ililtDb  q6li  a  sewage  pol- 
luted ymbnt^^^l  shouid'  think  it'  snrfote  poUuted^  tfet. 

^  •  .•97$6.'*  Would  you  recard  the  baciilus  coli  nn  eVidfetic^, 
aii'one»of  bur' best  *eTidence8|,  of  sewage  pdlltlfioii-T-t- 
Tfaat  depends  of  dburse  on  the  ntxmlier  that  are 'present. 

9757.  Quite ;  but  if  you  had  a  sample  of  water  for 
analysis  and  you  found  a  considerable  number  of  the 
bacillus  coli  per  c.o.  you  would  consider  that  evidence 
of  sewage  pollution  ?---0f  surface  pollution. 

9758.  Of  surface  pollution? — Oh!  most  certainly. 

9759.  Would  it  in  your  opinion  constitute  the  best 
test  for  surface  pollution  ? — Of  those  at  present  knovm. 

9760.  In  fact  you  place  it  above  all  others  as  a  test  of 
surfaoe  pollution  ? — Bacillus  coli  and  spores  of  bacillus 
enteritidia  i '*  - 


lit. 


it  >'»• 


9761.  These  two  combined  ^--Certainly. 

9762.  You  have,  of  course,'  made  observations  on 
mountain  streams  and  virgin  soil,  and  I  dare  say 
there  you  have  not  found  the  bacillus  coli? — ^If  there 
are  any  farms  near,  I  have  found  it. 

9763.  Have  you  made  any  observations  of  moorland 
upon  which  sheep  are  grazing? — I  have  made'observa 
tions  on  moorland  where  sheep  were  grazing  but  there 
were  farms  about. 

9764.  I  mention  that  because  where  I  have  made  ex- 
aminations in  those  cases,  and  although  the  sheep  were 
grazing  I  have  not  found  bacillus  coli ;  and  of  courso 
it  is  alleged  sheep  may  give  rise  on  watersheds  to  con- 
siderable actual  pollution? — Well  as  1  say  there  was 
always  some  farm  or  other  within  feasible  distance  in 
the  cases  I  have  in  mind  ;  at  any  rate  I  am  referring 
to  waters  that  I  examined  from  Wales,  but  there  of 
course  there  were  always  farms. 

9765.  As  regards  the  value  of  the  two  tests  the 
enteiitidis  test  and  the  bacillus  coli  test  on  which 
would  you  lay  most  stress,  which  would  you  think 
the  most  reliable  test  ?-— Of  the  two  organisms  ? 

9766.  Of  the  two  organisms,  as  regards  surface  poUa* 
tion? — ^They  are  always  together. 

9767.  They  are  always  together? — One  in  much 
larger  numbers  than  the  other. 

9768.  Which  do  you  consider  to  be  present  in  the 
larger  numbers  ? — Coli  of  course  ;  it  is  present  in  num^ 
bers  varying  from  100,000  or  200,000  up  to  800,000  and 
1,000,000  per  cc,  in  sewage,  whereas  bacillus  entcn* 
tidis  is  present  in  less  amount,  perha(ps  100  up  to  1,00Q 
or  2,000  per  cc 

9769.  As  regards  their  distribution  in  nature,  do  you 
find  the  bacillus  enteritidis  more  widely  distributed 
say  in  dust  and  ob  grains  and  foodstuffs,  thali  the 
bacillus  coli? — ^No. 

9770.  You  do  not  ? — No  ;  I  have  never  found  them 
separate  from  one  another. 

977X.  Would  yoa  ezpectfi  the  bacillus  ententidis  to 
be  more  widely  distributed  owing  to  the  fact  that  it 
forms  spores  I^Well  the  bacillus  coli  is  much  less 
selective  in  its  growth  ;  it  is  aerobic  of  course ;  the 
other  in  order  to  multiply  would  require  anaerobic 
conditions,  which  it  does  not  find  generally  in  dust  or 
in  any  other  surface,  does  it?  However,  1  must  draw 
your  attention  to  one  point  here  and  that  is  that  not 
everything  that  looks  like  spores  of  bacillus  enteritidis 
is  really  bacillus  enteritidis. 

9772.  I  am  sure  the  Commission  would  like  to  know, 
at  any  rate  we  as  experts  to  the  Commission  would  like 
to  know,  what  you  can  tell  us  as  to  the  recognition  of 
your  bacillus  enteritidis  sporogenes? — ^I  have  seen  re- 
cently, and  I  am  sure  Professor  Boyce  will  not  mind  my 
saying  so,  statements,  for  instance,  in  reports  of  the 
Thompson  Yates  Laboratory,  and  also  in  other  papers, 
w^hich  show  a  not  quite  clear  understanding  of  what  is 
and  what  is  not  bacillus  enteritidis  sporogenes.  Now  in 
sewage  and  in  similar  matters,  and  all  matters  directly 
or  indirectly  polluted  with  ma^^uro  or  sewage,  there  are 
present  always  particular  anaerobes,  the  spores  for 
instance  of  the  three  anaerobes,  bacillus  butyricus, 
bacillus  enteritidis,  and  bacillus  cadaveris  ;  and  it  is 
of  importance  to  identify  them.  To  these  three 
anaerobes  I  have  devoted  recently  a  great  deal  of  time, 
and  among  them  is  one  organism  which  might  easily 
be  mistaken  for  bacillus  enteritidis ;  namely  an 
organism  which  corresponds  to  Botkin's  bacillus  butyri- 
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eus.  Here  are  two  tuibes  of  m^lk  ibat  have  ibeen  ino- 
culated, one  with  the  pure  culture  of  bacillus  butyricus, 
the  other  with  the  sporee  of  baoilluB  enteritid!b.  Both 
these  organisms  are  sporogenous ;  both  are  anaerobes  ; 
both  under  the  microscope  look  exactly  alike ;  both 
produce  exactly  the  same  curdling,  i,e.,  the  same 
change  in  the  milk.  One,  however,  the  enteritidis, 
is  very  pathogenic,  while  the  other  is  absolutely  devoid 
of  all  pathogenicity.  Now,  when  testing  for  the 
presence  of  sporee  of  bacillus  enteritidis,  the  usual 
method  is  this :  One  puts  the  material :  dust  or  what- 
ever the  material  may  be,  into  milk,  recently  boiled 
milk ;  heat  it  up  to  80^  Centigrade,  so  as  to  destroy 
all  bacteria  except  spores  ;  and  then  incubate  it.  After 
incubation,  the  milk  shows  the  following  typical 
changes :  curdling,  a  separation  of  whey  from  the  curd. 
'  If  the  culture  contains  the  bacillus  enteritidis,  a  cubic 
centimetre  of  the  culture  injected  into  a  guinea  pig 
causes  a  profound  effect  But  if  it  contains  bacillus 
butyricus  alone  nothing  happens,  the  effect  is  nil.  If  of 
two  such  milk  cultures  in  one  case  you  found  slightly 
pathogenic  effect  from  1  cc.,  and  in  the  other  case 
found  virulent  effect  with  a  like  quantity,  you  might 
be  tempted  to  say  that  in  the  first  case  the 
bacillus  enteritidis  is  slightly  pathogenic,  and  in  the 
other  it  is  highly  pathogenic.  Not  at  all,  for  this  would 
be  a  mistaken  conclusion.  If  you  infected  milk  with 
dust,  or  with  some  other  material,  and  you  got  this 
change  in  the  milk,  you  should  make  subcultures  of  the 
changed  milk  diluted,  and  in  this  way  you  would  be  able 
to  separate  the  two  organisms,  the  butyricus  by  its 
colonies,  the  enteritidis  by  its  colonies.  Then  if  of 
these  pure  colonies  you  make  subcultures,  you  will 
find  one  set  yields  always  a  non-pathogenic,  the  other 
always  a  pathogenic  organism.  In  many  respects  the 
microbes  are  absolutely  identical ;  but  when  you  come 
to  further  investigate  them,  you  will  find  that  physio- 
logically and  in  some  other  respects  they  are  very 
different  from  one  another. 

9773.  (Sir  Michael  Foster.)  In  their  colonies  ? —In 
their  colonies.  Here  are  two  cultures  (showing  iliem) : 
a  pure  culture  of  enteritidis  and  a  pure  culture  of  buly- 
ricus ;  the  one  liquefies  and  the  other  does  not 
liquify  gelatine  at  all :  So  that  by  gelatine  culture  you 
can  easily  differentiate  them.  Now  the  bacillus  buty- 
ricus is  an  organism  which  might  easily  be  mistaken 
for  the  bacillus  enteritidis.  And  then  there  is  a  third 
organism,  that  is  the  bacillus  cadaveris,  which  is  non- 
pathogenic. That  is  also  present  both  in  sewage  and  in 
the  alunentary  canal  to  a  very  large  extent.  Now  what  I 
was  going  to  point  out  to  Professor  Boyoe,  if  you  will 
allow  me,  is  this,  that  if  you  take,  for  instance,  a 
particle  of  the  intestinal  contents,  and  you  put  it  into 
the  milk,  and  you  produce  this  typical  change,  and  you 
do  not  test  it  in  its  purity,  i.e.,  you  do  not  produce 
first  the  pure  culture  from  it  by  dilution  ;  you  have 
no  right  to  say  this  particle  is  full  of  enteritidis.  I 
found  when  working  on  this  line  that  the  number  of 
spores  of  enteritidis  in  the  normal  large  intestine  was 
very  small  indeed. 

9774.  Butyricus    more    abundant? — In    some   easea 
more  abundant.    At  first  sight  it  might  appear  thai 
the  inteertinal  contents  are  rich  in  spores  of  bacillus 
enteritidis.      Take,  however,  a  diseased  intestine,  for 
instance,  the  typhoid  intestine,  the  dischargee  of  the 
small  intestine  in  typhoid  fever,  the  typical  pea  soup 
stool  of  typhoid  fever.     You  find  the  number  of  enten- 
tides  enormous,  so  that  under  those  conditions  the  en- 
teritidis has  maltiplied,  and  so  it  has  also  with  reference 
to  certain  cases  of  diarrhoea,  where  you  find  the  number 
of  enteritidis  spores  in  the  small  intestine  very  large. 
Now  the   enteritidis    is  a  highly  pathogenic  organism 
to  the  guinea  pig  and  other  animals.     It  is  at  the  same 
time  a  strongly  proteolytic  organistm ;  it  dissolves  gela- 
tine readily  ;  it  disorganises  muscular  tissue.     Now  if 
the  bacillus  enteritidis  shoiQd  find  a  chance  of  multi- 
plying within  the  small  intestine,  it  is  impossible  to 
imagine  that  by  this  multiplication  it  would  not  create 
what  we  see  it  does  in  the  animal  body,  the  guinea  pig,  a 
disorganisation  of  the  tissues,  or  that  it  would  not  create 
these  highly  toxic  principles.     Let  there  be  there  what 
I  said  before  with  reference  to  bacillus  coli,  let  there 
be  some  condition  created  in  the  small  intestine  by 
which    the    bacillus    enteritidis    becomes   enabled  to 
multiply  readily,  and  you  would  get  a  very  serious  con- 
dition.   That  is  to  say  that  the  presence  of  a  compara- 
tively few  spores  of  bacillus  enteritidis,  assuming  that 
they  had  been  really  recognised  as  such,  in  the  large 
intestine  does    not  make  this    organism    a    harmless 
organism.     That  would  be  going  very  much  too  far. 

1213. 


0775.  (Frof.  Boyee,)  I  agitt  with  yo%  Dr.  JDifin,  on    Dr.  h.  k. 

the  question  of  the  pathogenicity  of  the  bacillus  enteri-      ^^'^ 
tidis,  basing  it  on  tne  comparison  of  the  bacillus  coH,   ^'^"  ^'^'^' 
and  I    agree   with  you  about   the   similarity  of   the  l.  May,i90] 
bacillus  butyricus  and  the  bacillus  cadaveris.       The 
only  point  is  this,  it  is  rather  a  practical  one,  our  test 
then  of  the  bacillus  enteritidis  is  by  its  pathogenicity 
— ^the  practical  test? — The  practical  test,  yes- 

9776.  So  that  we  should  not  declare  the  presence  of 
the  bacillus  enteritidis  unless  we  had  tested  it  upon  a 
gudnea  pig? — Tee. 

9777.  That  is  definite^ 

9778.  (Str  Michad  Foster.)  You  could  not  tell  it  by 
its  colonies  only  ? — ^I  myself  can  tell  it  very  easily  by 
passing  it  through  these  different  media. 

9779.  (Frof.  Boyce.)  But  would  you  deem  it  a  matter 
that  could  be  put  into  the  hands  of  anyone  but  an  ex- 
pert— ^the  cultivation  of  bacillus  enteritidis,  I  mean  ? — 
Not  unless  he  is  a  bacteriologist. 

978.  The  cultivation  of  the  bacillus  enteritidis  is 
much  more  difficult  than  the  cultivation  of  the  bacillus 
coli  ? — To  obtain  pure  culture,  certainly  it  is. 

9781.  My  point  was  rather  this,  that  in  choosing 
bacteriological  tests  one  should  have  before  one  the  ease 
and  the  accuracy  with  which  they  can  be  carried  out. 
Now  it  seems  to  me  we  cannot  ask  guinea  pigs  to  be 
inoculated.  There  are  certain  difficulties  in  connec- 
tion with  that,  and  therefore  I  want  to  know  whether 
you  would  be  prepared  to  rely  for  practical  purposes,, 
simply  with  the  coli  test  as  apart  from  the  enteritidi& 
test,  on  account  of  the  drawbacks  to  the  enteritidis. 
test? — I  did  not  quite  understand  you  to  say  that  the 
test  for  bacillus  coli  is  so  easy  that  anybody  can  do  it ; 
you  require  a  bacteriologist  to  do  it. 

9782.  Oh,  yes ;  you  require  a  bacteriologist  to  do  it ; 
but  what  I  had  in  mind  was,  say,  a  chemist  on  a  sewage- 
works  ? — ^Yes. 

9783.  (Dr.  Houston.)  Might  I  ask  Dr.  Klein  a  ques- 
tion before  he  answers,  as  it  is  hardly  fair,  I  think, 
that  he  should  be  asked  to  directly  answer  Professor 
Boyce's  question  until  I  put  it  from  a  slightiy  different 
point  of  view.  You  said.  Dr.  Klein,  just  now  that  the 
test  was  a  difficult  one ;  but  you  meant,  did  you  not> 
that  to  carry  it  out  in  the  elaborate  way  tiiat  you  are 
accustomed  to,  it  requires  a  ^reat  amount  of  skill. 
Nevertheless,  purely  to  determine  the  chance  fn  milk 
is  as  simple  a  test  as  you  could  possibly  nave,  is  it 
not  ? — ^Yes,  that  is  very  easy. 

9784.  Have  you  not  found,  when  adding  sewage  or 
sewage  effluent  in  small  amount  to  milk,  you  cet  this 
"  change,"  but  do  not,  on  inoculating  the  wh^  of  the 
altered  milk  into  the  animal,  get  virulence ;  that  if 
you  use  a  larger  amount  of  the  same  whey  for  inocula- 
tion of  an  animal  you  do  then  get  virulence? — 
Certainly. 

9785.  So  that  as  a  matter  of  fact  in  practice  you  could 
ha.ve  very  good  grounds  for  believing  that  if  you  do  get 
this  peculiar  "  change  "  in  milk,  you  will  probably  also 
get  the  virulence,  if  not  with  tiie  amount  ordinarily 
injected,  at  all  events,  if  injected  in  a  slightly  larger 
amount,  or  if  a  somewhat  larger  quantity  of  the  sub- 
stance under  examination  be  used  in  making  the  milk 
culture? — That  is  so,  I  think,  with  sewage. 

9736.  I  am  speaking  of  sewage,  of  sewage  effluents 
solely  ?— In  sewage  and  eewage  effluents  if  you  have- 
this  change  in  milk  it  is  very  likely  produced  by  buty- 
ricus and  enteritidis  ;  they  are  always  associated. 

9787.  So  that  if  an  unskilled  worker  was  working 
with  them,  and  with,  say,  jh^  cc.  he  observed  this 
"  change  "  in  milk  culture  which  would  be  the  usual 
thing,  would  it  not,  with  sewage?— Yes. 

9788.  If  he  got  this  change  in  the  milk  he  might 
assume  that  in  90  per  cent  of  those  cases  it  would 
also  be  virulent? — I  should  say  so. 

9789.  He  might  assume  that  enteritidis  was  present 
in  90  per  cent,  of  the  cases  in  which  the  milk  oecame 
changed  ? — ^Yes. 

9790.  So  that  in  a  sense  it  is  a  very  simple  test?-^ 
Yes  ;    it  is  not  more  difficult  than  the'coli  test 

9791.  Would  it  not  be  rather  more  easy  in  the  sensn 
I  have  indicated  ?— Yes,  because  in  24  hours  you  would 
have  the  observation  completed. 

9792.  (Sir  Miehad  Foster,)  Your  poMxm  is  this, 
that  the  action  on  milk  may  be  due  eother  to  the  bntv* 
ricus  or  to  the  enteritidis ;  yet  that,  when  used  as  a  test 
of  sewage  oontsmination,  since  the  butyricus  is  almost 
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Dr.E.B.    always  accompanied  by  eateritidis,  the  change  in  the 
M  D^'^F  R  s   ^^^  ^^  *  proof  of  the  prefience  of  enteritidis,  although  it 

l'_l  *  *'  is  not  due  to  enteritidis  alone  ? — Certainly. 
22 May  1901.      (^ProfcssoT  Boyce.)  That  is  interesting  ;    I  am  glad  to 
hear  that. 

9793.  (Sir  Michael  Foster.)  Axe  they  never  disso- 
ciated ? — Well,  I  always  find  them  associated  in  sewage. 

9794.  As  a  practical  test  you  would  be  quite  content  ? 
— Oh,  yes. 

9795.  (Professor  Boyce.)  Without  inoculation? — 
Well,  for  myself,  if  I  had  to  give  a  definite  opinion  I 
should  certainly  inoculate. 

9796.  (Sir  Michael  Foster.)  That  is  to  say,  you  do  not 
trust  the  reasoning  I  put  before  you  just  now? — For 
my  own  satisfaction  I  think  I  should  go  on  to  inoculate 
in  order  to  make  quite  sure. 

9797.  The  other  is  a  small  assumption,  and  to  get  rid' 
of  even  that  small  assumption  you  would  inoculate? — 
If  anybody  showed  me  two  tubes  of  milk  culture  typically 
changed,  and  he  said  I  got  that  by  putting  in  a  certain 
small  quantity  of  fluid  in  the  milk  yesterday,  and 
look  here  to-day  ;  well !  I  should  say  this  is  very  likely 
butyricus  and  enteritidis.  It  is  very  unlikely  to  be 
butyricus  only,  and  it  is  also  unlikely  to  be  enteritidis 
only.  I  should  say  it  is  more  likely  butyricus  and  enteri- 
tidis together,  and  if  he  told  me  that  he  got  this  with  a 
small  quantity  of  fluid  which  was  sent  him  for  examina- 
tion, I  should  say  that  the  fluid  is  clearly  surface  pollu- 
tion, but  I  should  advise  him,  in  order  to  make  sure  of 
its  being  enteritidis,  to  inject  a  cubic  centimetre  of  the 
whey  of  the  typically  changed  milk  culture  into  a  guinea 

pig- 

9798.  (Professor  Boyce.)  For  the  last  year  I  have 
examined  every  sample  of  milk,  shellfish,  and  grain  in 
my  laboratory,  and  I  have  simply  returned  enteritidis 
by  the  naked  eye  test ;  would  you  say  that  was  correct  ? 
— If  you  published  that  in  a  scientific  paper  I  should 
say  that  is  not  sufficient  If  you  published  it  for  the 
object  of  showing  that  Klein  is  wrong,  I  should  cer- 
tainly say  that  is  not  sufficient.  If  you  published  it 
with  the  object  of  showing  that  the  organism  in  your 
culture  is  a  very  virulent  organism  and  produces  diar- 
rhoea, is  connected  with  diarrhoea,  then  I  should  expect 
you  to  show  me  how  many  of  these  samples  had  the  real 

.  enteritidis. 

9799.  But  you  would  not  deduct  anything  from  that, 
or  that  the  reaction  indicated  surface  contamination  ? — 
Milk  that  is  not  exposed  to  pollution  does  not  give  that 
test. 

9800.  The  bacillus  coli  is  usually  there  at  the  same 
time  ? — Certainly,  this  is  always  the  case. 

9801.  Given  then  the  enteritidis  reaction  in  milk,  and 
.<ide  by  side  the  ooli  reaction,  would  you  say  that  that 
was  presumptive  eividence  of  contamination? — Cer- 
tainly !  But  it  has  to  be  borne  in  mind  that  the  oon- 
tamination  need  not,  necessarily,  have  been  direct,  since 
«like  in  a  farm  or  in  a  towii  dust  particles  are  liable  to 
be  associated  with  these  micro-organisms. 

9802.  More  than  milk,  yes,  but  that  is  my  point; 
I  wanted  simply  to  know  wheth-er  you  think  that  the 
milk  reaction  side  by  side  with  the  coli  reaction  would 
do  away  with  the  necessity   of  doing  the  guinea  pig 


test? — Well,  I  must  only  repeat,  if  I  have  to  give  an 
opinion  about  the  presence  of  it,  I  should  certainly  do 
the  injection. 

9805.  There  is  one  other  point,  and  that  is  in  a  paper 
here  by  Balfour  Stuart.  I  notice  that  he  examined 
a  large  number  of  cases  of  grains,  and  he  says :  "  From 
the  above  60  samples,  41  gave  an  enteritidis  growth  in 
the  milk  ;  of  these  30  were  fatal  to  guinea  pigs.  .  . 
and  11  were  pathogenic,  but  non-fatal."  Now  do  you 
think  for  grains  that  that  is  a  large  percentage  of  patho- 
genic spore  bearing  organisms  ?•— How  many  grains  did 
he  use? 

9804.  Altogether  he  did  60  samples ;  most  of  them 
were  grains  bought  in  the  shop  ? — ^How  much  did  he  use 
in  each  experiment  ? 

9805.  Half  a  test  tube  almost,  quite  a  gramme  ? — For 
each? 

9806.  For  each? — ^Tou  would  get  it,  6m  m  a  very 
small  quantity  of  the  grain  he  would  not  get  it. 

9807.  But  in  those  same  experiments  he  tested  for 
the  bacillus  coli,  and  we  did  not  find  the  bacillus  coli? 
—The  same  amount. 

9808.  Yes  ;  we  have  over  and  over  again  tested 
these  grains  for  bacillus  coli  ? — ^Half  a  test  tube  of  grains 
giving  the  test  of  bacillus  enteritides  and  not  the  coli  7 

9809.  Bacillus  enteritides  and  not  the  coli.  A 
gramme  say,  put  it  at  a  gramme  ? — ^I  do  not  know  that 
this  is  not  exactly  what  I  found  in  similar  experiments. 

9810.  But  would  you  not  expect  it  from  the  fact  that 
the  coli  would  die  in  the  dry  rice,  while  the  enteritides 
would  live? — ^Yes.  The  spores  of  enteritidis  would  re- 
main alive,  while  many,  but  not  all,  bacillus  coli  would 
succumb. 

9811.  That  would  be  the  explanation? — Yes. 

9812.  (Chairman.)  I  just  wanted  to  ask  you  one  ques- 
tion. As  far  as  I  understapH.  you  consider  that  the 
microbes  come  to  an  end  from  being  kept  in  uncon- 
genial surroundings,  and  that  liie  longer  they  are  kept 
in  these  uncongenial  surroundings,  the  more  of  them 
come  to  an  end  ? — ^Yes,  I  think  so. 

9813.  Therefore  if  you  had  as  much  artificial  filtra- 
tion as  you  have  with  ordinary  land  filtration,  as  long  as 
the  quantities  were  equal  and  the  time  that  the 
microbes  were  kept  in  uncongenial  conditions  was 
equal,  the  results  would  probably  be  equal? — They 
might  be  the  same,  yes. 

9814.  You  have  no  reason  to  suppose  that  they  would 
not? — Are  you  speaking,  if  I  may  ask,  of  pathogenic 
organisms  ? 

9815.  Yes  ;  I  mean  any  organism  would  live  a  shorter 
time  in  uncongenial  conditions  than  it  would  in  con- 
genial ? — Certainly. 

9816.  Then  have  you  ever  made  any  experiments  in 
the  destruction  of  organisms,  pathogenic  or  otherwise  ? 
— Oh,  I  have  made  a  large  number  of  experiments  with 
various  disinfectant  substances  under  various  conditions. 

9817.  And  have  you  found  anything  suitable  for 
destroying  them,  any  means  by  which  you  could 
destroy  the  organisms  and  sterilize  an  effluent? — Heat 
is  the  best  agent 


Dr.  W.  Williams,  m.a.,  m.d.,  d.p.h.  (Oxon.),  m.r.c.8.,  f.c.s.,    etc..    Medical   Officer   of    Health    to    the 

GlamorgUL    County    Council,    ca.led     in ;      and  Examined. 


l>r.  9818.  (Chairman.)  You   are   Dr.  Williams,  I  think, 

M^r&c''    the  Medical  Officer  of  Health  to  the  Glamorgan  County 

f-  -^       Council  ? — ^Yes,  my  Lord. 
^MajidUl. 

9819.  Speaking  from  the  point  of  view  of  the  Medical 
Officer  of  Health,  will  you  give  us  any  general  viewb  you 
entertain  on  the  subject  of  sewage  disposal?— I  was 
appointed  Medical  Officer  of  Health  to  tihe  Glamorgan 
County  Council  in  1892,  and  for  some  time  previous  to 
that  date  I  acted  as  Assistant  and  Deputy  Medical 
Officer  of  Health  for  Shropshire.  The  Sanitary  Com- 
mittee of  the  Glamorgan  County  Council  have  taken 
up  the  question  of  sewage  disposal  with  great  energy 
throughout  the  whole  county,  which  has  an  estimated 
population  (including  the  Boroughs  of  Cardiff  and 
Swansea)  of  over  900,000.  Different  to  most  counties 
in  the  kingdom,  all  the  Glamorganshire  rivers  have 
Drartically  their  origin  inside  the  county,  or  in  the 
mountainous  regions  of  Brecon  or  Carmanhen.  iiinue- 


diately  adjoining  its  northern  boundary — so  that  all 
pollutions  of  rivers  that  the  County  Council  has  to 
deal  with  axe  occasioned)  within  the  county.  (All  the 
Glamorgan  rivers  trend  towards  the  sea,  into  which, 
alter  a  short  course,  they  discharge  their  contents.) 
In  the  whole  county  iiier©  are  30  sanitarv  districts,  and 
out  of  these,  13,  representing  a  population  of  some 
516,000,  discharge  their  crude  sewage  into  tidal  rivers, 
estuaries,  and  the  sea^  and  the  sewage  of  some  nine 
districts,  or  parts  thereof,  are  treated  on  sewage  farms, 
of  which  there  are  several,  large  and  small,  and  one  of 
the  oldest  (Merthyr)  in  the  county ;  at  present  their 
number  is  about  20,  and  in  the  course  of  a  few  years 
we  shall  have  several  additional  ones.  Systematic 
inspections  of  all  sewage  works  and  farms  are  made  by 
myself,  and  since  the  establishment  of  our  County  Public 
Health  Laboratory  some  18  months  ago,  samples  of 
sewage  effluents  and  rivers  waters  have  been  collected 
and  analysed  there.     TlirouE;h  the  action  of  the  County 
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Council,  fleveral  old  sewerage  works  have  been  im- 
proved, and  many  new  works  constructed,  and  when  the 
works  now  in  progress  are  completed,  the  expenditure 
on  these  works  will  reach  about  £500,000.  Several 
bacterial  tanks  also  are  being  put  up  in  various  parts 
-of  the  county.  As  the  result  of  personal  observations 
and  experience,  I  have  arrived  at  these  conclusions :  — 

1.  That  the  treatment  of  sewage  on  suitable  land  is 
tsatisfa/^tory,  provided  the  areas  are  properly  super- 
vised, which  is  not  always  found  to  bo  the  case. 

2.  That  in  several  of  our  long,  narrow,  and  crooked 
mining  valleys  it  is  impossible  to  acquire  a  sulficient 
-area  of  suitable  land  within  a  reasonable  distance,  ex- 
cept in  \ery  large  centres.  (The  county  of  Glamorgan 
is  peculiar  in  this  respect,  and  is  made  up  of  a  system 
of  valleys  running  north  and  south,  ana  all  opening 
on  the  ^a,  '^r  the  flat  land,  known  as  the  Vale  of  Gla- 
morgan, to  the  south  of  the  southern  crop  of  the  South 
l¥ales  coal  basin.) 

3.  That,  as  far  as  my  experience  goes  it  would  seem 
to  ha\e  beun  proved  that  the  whole  process  of  sewage 
disposal  can  be  ejected  by  biological  methods  (my  exp^ 
rience  in  this  direction  is  very  limited). 

4.  That  it  is  necessary  to  arrive  at  an  authoritative 
opinion  regarding  the  various  biological  methods  re- 
<x>mmonded. 

5.  That,  in  this  county,  at  any  rate,  greater  progress 
would  have  been  made  in  purifying  our  rivers  had  not 
the  Local  Government  Board  insisted,  under  all  cir- 
•cumstances,  on  the  hard  and  fast  rule  of  land  treatment, 
in  addition  to  artificial  filtration.  At  the  moment,  pro- 
gress on  this  account  is  at  a  standstill  in  several  dis- 
tricts {e.g.,  Glyncorwg). 

6.  That  it  is  important  to  have  as  many  joint  sewerage 
districts  as  possible  in  such  a  county  as  Glamorgan, 
for  here  there  are  many  districts  situated  in  the  water- 
sheds of  the  same  rivers  (e.g.,  Rhondda,  population 
123,000  ;  Pontypridd,  40,000  ;  Aterdare,  48,000  ;  Moun- 
tain Ash,  30,000;  Merthyr,  70,000;  and  parts  of 
others,  all  in  the  Taff  River  watershed). 

7.  That  the  inspectors  (holding  sewage  inquiries)  of 
the  Local  Government  Board  should  be  well  acquainted 
with  the  physical  features  of  the  districts  in  question 
as  well  ar.  of  the  neighbouring  districts,  especially  thosa 
iu  the  same  watersheds. 

8.  Thai  the  few  but  comprehensive  joint  sewerage 
schemes  in  this  county  are  a  great  success  {e.g., 
Rhondda  Merthyr  joint  schemes). 

9.  That  no  crude  sewage  should  be  discharged  into 
the  sea,  except  afiter  the  moat  careful  oonsideparbion  of 
all  local  circumstances,  and  alter  careful  experiments 
made  with  different  float  materials,  as  to  the  directions 
of  the  currents  at  various  conditions  of  the  tide  {e.g., 
F.ly  and  Rhymney  rivers). 

10.  That  similar  experiments  and  examination  of 
the  water  (chemical   and  baoteriologidal)    should   be 

made  in  the  case  of  tidal  rivers  and  estuaries. 

11.  That  the  manufacturing  refuse  from  tin  platj 
works,  which  are  very  common  in  this  county,  should 
not  be  allowed  to  be  discharged  into  rivers  untreated. 
<1)  The  "  Pickle "  fluid  should  be  treated  in  smtat^e 
tanks  by  evaporation  and  re-evaporation  ^^*il  *^  *^® 
H,SO^  ila  contains  is  converted  into  copperas  (FeBOJ. 
(2)  And  the  "  swilling  fluid "  passed  through  broken 
lime  stones  (frequently  changed)  and  th«)ugh  tiltere 
of  earth,  roots,  and  branches  of  trees,  etc.  Water  con- 
taining vitriol  and  sulphate  of  iron  from  tin  woriti 
Are  dangerous  to  human  beings  and  animus,  and  most 
fatal  to  fish.  {Show  samples  of  dead  nsk  from  JSI^ 
river.) 

12.  That  the  suggestion  that  a  uniform  standard  oi 
purity  of  sewage  effluents  should  be  established,  la  n»t  J 
practicable  one,  the  local  circumstances,  which  should 
be  taken  into  account,  being  so  different 

13.  That  the  extent  to  which  storm  water  shall  b« 
dealt  with  in  sowers  is  very  important. 

14  That  it  is  very  desirable  that  the  present  l«p8l^ 
tion  proc®<i^®'  with  regard  to  rivers  pollutions,  should 
be  simplified. 

15.  That  crude  sewage  discharged  into  rivers  with 
towns  or  villages  on  their  banks  lower  down,  is  dan- 
gerous to  human  beings  and  animals,  and  often  the 
oause  of  nuisance. 

16.  That  the  Government  should  countenance  the 
establishment  of  health  laboratories,  where  sewa^je, 
effluents,  manufacturers'  refuse,   and  otlier  maU»rials 


discharged  into  rivers,  estuaries,    sea,   etc.,  could  be        Dr. 
thoroughly  and  systematically  examined  if,  and  when     n'niinmg, 
requir^,  and  that  these  should  be  under  the  control  of    *  ll_  °* 
County  Councils.  21  Majiwi. 

In  the  first  place  I  have  told  you  that  a  large  sum 
of  money  has  been  expended  recently  on  works  of 
sewerage  and  sewage  disposal  in  the  County  of  Gla- 
morgan. I  ought  to  have  specified  a  time,  I 
mean  within  the  last  eight  or  ten  years.  There  were 
some  big  works  commenced  when  I  went  there,  but  I 
speak  mostly  of  the  last  eight  to  ten  years. 
When  all  these  works — the  works  commenced  m  uie 
last  ten  years — are  completed,  there  will  have  been 
expended  on  sewerage  works  and  sewage  disposal  in  the 
county  a  sum  of  about  £600,000,  which  is  a  fairly  large 
sum.  The  population  of  the  county  is  about  900,000 
at  the  present  moment,  and  the  increase  has  been 
very  great  indeed.  The  population  in  the  county  in- 
creases at  some  places  very  rapidly  indeed,  owing  to 
noal  pits  being  sunk,  and  people  coming  to  work  there. 
i  have  found  in  the  county  of  Glamorgan  that  the 
treatment  of  sewage  lacks  supervision.  I  find  that  this 
is  frequently  the  case,  I  could  give  instances,  if  re- 
quired, showing  that  sewage  farms  are  not  as  a  rule 
under  proper  supervision, 

9820.  (Sir  Michael  Foster.)  That  is  to  say  the  sew- 
age farm,  the  land  of  which  is  suitable  is  not  properly 
looked  after  ? — ^Is  not  properly  looked  after  ;  that  is  my 
experience  in  the  County  of  Glamorgan. 

9821i  {Mr.  Killick.)  Is  that  in  the  cases  where  the 
sewage  farms  are  let  to  tenants? — Especially  in  those 
cases. 

9822.  {Colonel  Harding.)  There  is  no  supervising 
authority  such  as  a  Rivers  Board  or  anything  of  that 
kind  there? — We  have  in  one  instance  only  a  super- 
vising authority,  a  joint  sewage  farm  committee  for 
Merthyr  and  Aberdare.  That  is  properly  looked  after 
by  a  servant  of  that  Board.  No  we  have  no  Board  such 
as  you  have  described.  In  several  of  our  long  narrow 
and  crooked  minin|*  valleys  it  is  impossible  to  acquire 
a  fliifflcient  area  of  suitable  land  within  a  reasonable 
distance  except  in  veiy  large  centres.  W>11  this  is 
in  my  opinion  our  great  difficulty  in  the  County  of 
Glamorgan,  the  difficulty  that  we  experience  in  getting 
land.  Of  course  if  any  of  you  have  seen  the  valleys 
they  are  very  long,  very  narrow  and  crookixi, 
they  are  very  narrow  indeed  some  of  them.  I  could 
instance  a  valley  in  the  county  called  Glyncorwg  ;  it  has 
three  centres  of  population  about  a  mile  and  a  half 
from  one  another,  and  in  that  district  thev  have  a 
population  of  5,000  people,  and  it  is  impossiole  to  get 
land  ;  they  cannot  get  land  at  all  for  sewage  disposal 
purposes  there,  and  the  only  thing  to  do  there  is  to  take 
it  down  to  the  sea  which  is  about  10  miles  away,  jind  to 
take  it  down  to  the  sea  would  mean  a  tremendous 
expense,  more  than  the  District  Council  could  bear. 
The  consequence  is  they  have  done  nothing  there 
though  tiiey  have  been  pressed  by  the  County  Council 
to  stop  polluting  the  streams.  The  other  day  I  ad- 
vised them  myself  to  get  their  surveyor  to  prepare  a 
scheme  and  submit  it  to  the  Local  Government  Board 
for  their  sanction,  and  in  this  s<^eme  which  is  ap- 
proaching completion  is  shown  a  biological  tank  of 
some  description  or  another  and  the  effluent  passing 
into  the  river.  This  will  be  placed  before  the  Local 
Government  Board,  and  of  course  they  can  say  yes  or 
no  to  it.  But  this  is  not  the  only  instance  in  the 
County  of  Glamorgan.  There  is  a  very  important 
valley,  a  mining  valley  called  the  Rhondda  Valley. 
They  found  it  impossible  here  to  get  land  ;  there  was  no 
land  to  be  had  except  very  near  the  sea^  What  they 
did  here  was :  several  authorities  ioined ;  two  large 
authorities  ;  they  were  near  a  population  of  120,000,  it 
is  now,  and  tibe  other  one  has  a  population  of  40.000. 
I  refer  to  the  Rhondda  and  Pontypridd  authorities. 
They  joined  and  had  a  joint  sewerage  scheme,  which 
costs  them  about  £250,000.    That  works  admimbly. 

9823.  What  is  it — a  land  scheme  ? — ^No,  into  the  sea. 

9824.  Oh,  into  the  sea? — Into  the  Bristol  Channel. 

9825.  {Sir  Michael  Foster.)  What  distance  is  it 
carried  in  that  case? — The  highest  point  would  be 
about  30  miles. 

9826.  By  gravity  alone  ?— Yes  ;  the  highest  point 
would  be  about  30  miles  from  the  Bristol  Channel. 
We  have  another  joint  sewerage  scheme  which  I  men- 
tioned, viz.,  Aberdare  and  Merthyr  and  Mountain  Ash, 
but  in  my  opinion  we  ought  to  have  many  more  of  them 
in  the  County  of  Glamorgan.  That  is  No.  2  ;  the 
difliciilty  of  getting  land  there  is  very  great  indeed. 
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Dr.        No.     3:     I    have    had    very    little    experience    with 

WiUiavM,    biological  tanks.       We  have  only  two  working  now  in 

M.^v;.    ^^  connty,  but  there  are  about  half-a-dozen  in  the 

ai>{u.yiM)i.  course   of   construction.     They  are    biological   tanks, 

some  septic  and  others  uncovered.     No.  4:   the  local 

authorities  when  considering  schemes  of  sewerage  for 

their  districts  are  very  undecided  as  to  which  soheme 

to  go  in  for,  whether  the  septic  or  any  of  the  other 

biological  schemes,  and  as  far  as  I  am  aware  there  is  no 

authoritative  opinion  regarding  the  various  biological 

methods  recommended. 

9827.  {Major-General  Carey.)  Where  do  they  expeot 
to  get  that  from  ? — ^Well  they  have  been  looking  for  it 
all  round  the  country.  I  say  there  is  not  one.  They 
find  a  difficulty  in  fixing  upon  any  particular  biologi- 
cal method.  I  said  at  No.  5  that  in  some  respects  in 
the  County  of  Glamorgan  the  matter  of  sewage  dis- 

r>sal  is  at  a  standstill,  because  land  is  insisted  upon, 
have  mentioned  one  district— -Glyncorwg — and  in  the 
Bhymney  Valley  they  have  found  great  difficulty  to 
get  land,  and  they  have  not  got  tlie  money  to  go  down 
to  the  sea. 

0828.  (Sir  Michael  Foster.)  They  are  doing  nothing 
at  all ;  they  are  discharging  their  sewage  into  the 
river  ? — In  some  parts  they  have  done  a  great  deal,  but 
in  some  not  much. 

0600-30.  In  those  cases  they  are  discharging  the 
whole  of  their  sewage  into  the  river  ? — The  whole  of  it 
—yes. 

0831.  Have  you  not  taken  any  steps  against  t^ei<k 
through  the  County  Council  ? — iTes,  we  ask  them  to 
stop  polluting  the  river,  and  they  say,  **  What  are  wb 
to  do  ? "  Respecting  this  very  district  we  made  repre- 
eent^tions  to  the  Local  Government  Board  about  iivo 
years  ago,  and  we  ourselves  visited  the  place  very  fre- 
quently indeed,  and  they  said,  **  We  are  preparing  now 
a  scheme  which  will  be  submitted  to  the  Local  Govern- 
ment Board,  showing  biological  tanks  and  no  land,"  and 
iliey  say,  *We  can  do  no  mure." 

tt^.  You  hiyre  not  tak&Oi  proteedings  4&gainfit  tfaem  1 
—No,  sir,  we  have  not ;  no,  not  against  Glyncorwg.  We 
have  vaken  proceedings  .igainst  some.  No.  6.  That  it 
is  important  to  have  as  many  jt»int  sewerage  districts 
«8  possible  in  such  a  county  as  Glamorgan.  We  have 
two  or  three  very  large  ones.  Then  I  come  to  No.  7  ; 
that  inspectors  of  the  Local  Government  Board  who  hold 
these  inquiries,  etc.  Well,  I  will  instance  a  case  in  the 
Rhymney  Valley.  We  as  a  County  Council  had  been 
advocating  a  through  ^ysteim  ctf  «ewei«ge  for  the 
Rhymney  Valley,  but  the  local  authorities  themselves 
would  not  hear  of  it,  and  they  did  not  hear  of  it,  so  tliey 
went  in  each  one  of  them,  except  one,  for  a  system  of 
their  own.  In  one  district  I  remember  an  inspector 
of  the  liOcal  Government  Board  came  down  and  held 
an  inquiry  as  to  whether  the  scheme  was  a  proper  one 
or  not,  and  I  remember  very  well  that  in  this  rase  there 
was  a  great  difficulty  in  getting  suitable  land,  but  they 
had  land  at  last,  and  they  had  to  pay  very  much  for  it. 
On  a  second  occasion  there  was  an  inquiry  again  con- 
cerning the  same  sewerage  scheme  in  the  same  district. 
Another  inspector  came  down.  Going  up  the  Valley 
I  remember  two  inspectors  holding  inquiries  at  Caer- 
philly, and  higher  up  again  1  remember  holding  two 
different  inq^uiries  at  Rhymney.  We  had  always 
been  adTocatmg  a  through  system  of  aewerage  in  these 
places  for  this  very  Valley  to  the  sea.  That  did  not 
come  to  pass,  but  they  had  a  sewerage  scheme  of  their 
own,  and  I  am  afraid  they  are  going  to  be  failures. 
T!he  valleys  are  so  narrorw  and  increiatfing  so  vapidly 
in  population,  and  very  probably  where  the  sewage 
farm  in  one  instance  is  now,  they  will  be  clogged  up 
very  soon. 

0833.  {Major-Oenercil  Carejf.)  The  Local  Government 
Board  has  no  power  to  make  authorities  combine  for 
sewerage  schemes? — ^No,  but  there  is  a  power  in  the 
Public  Health  Act.  In  the  Public  Health  Act  tliey 
could  combine  for  sewerage  purposes. 

0837.  It  is  not  a  compulsory  power? — ^No,  I  know 
that.  We  have  been  advoc-atin^  it.  but  systems  of 
sewerage  for  these  yalleys— -combmea'  systems — ^would, 
J  think,  be  very  useful.  That  no  crude  sewage  shall  be 
discharged  intr)  the  sea  except  after  the  most  careful 
consideration  of  all  looal  circumstances,  and  after  care- 
ful experiments  made  with  differdnt  floating  materials. 
I  can  instance  here  a  case  near  Cardiff.  Floating  ex- 
periments were  made  not  long  ago  in  connection  with 
a  scheme  which  the  Cardiff  authorities  are  about  to 
carry  out — a  sewage  scheme.  At  the  present  moment 
the  sewage  of  Cardiff  is  discharged  into  the  sea  or  into 


the  Bristol  Channel  at  several  points,  so  there  is  a 
nuisance  produced  on  the  sea  shore.  Penarth  is 
another  small  town  by  the  side  of  the  river.  The  sewage 
of  Penarth  is  also  discharged  into  the  Ely,  a  tidal  river^ 
and  into  the  sea  at  four  different  places,  and  this  also 
produces  a  nuisance  on  the  Penarth  beach. 

0835.  I  do  not  'bhuvk  so?— Well,  I  do,  obr. 

0836.  I  walked  very  carefully  along  the  Penarth 
beach? — I  think  so  myself. 

0837.  I  did  not  see  any  sewage  ? — ^I  saw  sewage  ther» 
myself.  I  could  point  it  out  to  you.  I  know  the  x>lace 
very  well — I  live  thera 

0838.  Very  well  ?— Well  now,  the  Cardiff  people  are 
contemplating  a  scheme  which  I  think  is  a  very  good 
one  ;  to  take  out  the  outfall  sewer  far  beyond  Laveruock 
Point,  as  you  may  know,  sir,  and  to  discharge  only  1^ 
hours  before  high  water  and  2^  hours  after  high  water, 
a  thing  which  ought  to  be  done  for  Cardiff  and  Pe- 
narth, but  as  carried  out  now  I  think  myself  it  is  a 
nuisance.  That  is  why  I  think  it  important  to  make 
float  experiments.  We  made  float  experiments  also  oa 
the  river  Ely.  I  was  there  for  many  days,  and  I  found 
that  some  small  oranges  drifted  up  about  as  far  as  one 
mile  below  Leckwith  Bridge,  and  that  the  water  showed 
evidence  of  sewage  contamination  even  there.  I  do 
not  know  whether  you  would  like  me  to  say  anything  of 
refuse  from  the  tin  works  of  which  we  have  very  many 
in  the  county,  that  is  No.  11,  that  the  manufacturing 
refuse  from  the  tin  plate  works  which  are  very  common 
in  our  coaitty,  should  not  be  allowed  to  be  discharged 
into  rivers  untreated,  and  I  think  that  the  "pickle" 
should  be  wholly  converted  into  sulphate  of  iron  (cop- 
peras).     With  regard  to  the  swilling  fluid 

9830.  (Sir  Michael  Foster.)  What  is  the  swilling  fluid  T 
— The  pickle. 

9840.  Yes  ? — It  is  sulphate  of  iron  and  vitriol. 

0841.  The  swilling? — There  is  very  little  vitriol  in 
it  and  a  very  slight  amount  of  sulphate  of  iron — very 
little  indeed.  They  simply  dip  the  iron  into  it  to  cleaD 
it  from  tlie  acid  ;  the  piclde  is  very  injurious. 

0842.  (Colonel  Harding.)  It  is  saturated  solution,  the 
pickling  fluid? — ^Yes. 

0843.  It  is  very  faintly  acid  ? — ^Yos,  very  faintly  acid. 

084^1.  And  you  suggest  that  it  should  be  put  in  ct)n- 
nection  with  lime? — ^Yes,  limestone.  Yes,  they  do 
that  in  most  places,  and  the  pickle  is  converted  into 
copperas  by  evaporation  and  re-evaporation. 

0845.  Is  there  any  attempt  made  in  }our  neighbour- 
hood to  evaporate  the  iron  liquor  so  as  to  obtain  the 
crystals  ? — Yes,  I  say  that  here. 

0846.  But  is  there  an  attempt  made  elsewiieieT-* 
Yes,  in  nearly  all  ca^es. 

0847.  They  do  it  ? — They  do  it  in  nearly  all  cases. 

0848.  There  is  a  liquid  residual  which  is  strongly 
acid,  which  probably  they  put  into  their  vats  and  re- 
evaporate  it  so  there  ie  no  reason  why  this  strong  pickle 
fluid  should  be  lost  at  all,  it  should  be  converted  into 
sulphate  of  iron. 

0840.  It  is  perfectly  practicable? — Perfectly  practi- 
cable ;  there  is  no  hardship. 

0850.  Are  you  insisting  on  that  being  done  7 — Yes. 

0851.  That  is  a  case  which  admits  of  being  dealt  with,, 
if  not  at  a  profit,  with  such  results  as  would  x>ay  the 
cost  of  the  treatment  7  What  does  it  cost  to  make  a  ton 
of  ibis  ?^-6s. 

0851*.  What  do  yon  get  for  it  9— Between  8s.  and  Qs. 

0852.  That  is  about  the  cost  ?— That  is  about  the  cost, 
yes. 

0853.  That  is  a  source  of  pollution  you  have  the 
power  to  stop  ? — But  it  would  be  a  hardship  to  have  to 
try  and  do  the  same  with  swilling  fluid,  wxiich  is  only 
slightly  acid. 

0854.  You  could  obtain  the  same  result  by  passing  it 
over  limestone  ? — ^Yes,  but  there  is  a  little  difficulty  in 
getting  the  changes  in  that.  But  still  we  do  not  get  very 
much  trouble  with  these  now.  As  to  the  standard  of 
purity,  our  rivers  have  very  little  water  in  them  in  the 
summer.  In  winter  they  are  very  high.  No  standard 
of  purity  of  sewage  effluents  would  do  much  good  as  far 
ibs  we  are  concerned.  Of  course,  there  is  a  very  rapid 
fall  in  some  of  them. 

0655.  {Mr.  KiUick.)  I  suppose  you  would  say  that  no 
effluents  should  go  into  the  stream  which  are  putre- 
factive ? — 
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9856.  You  would  say  that? — I  would  say  that,  cev- 
tainly.  We  hope,  after  all  these  sewage  works  which 
are  now  being  carried  out  are  completedi  to  have  very 
little  indeed  poured  into  our  rivers.  Some  time 
ago  we  took  proceedings  against  a  tin  works — the 
C^on  Tin  Works  at  Aberdare.  The  County  Council 
^ave  them  six  months'  notice,  and  hj  the  time  the  in* 
4Bpector  came  down  there  was  no  pollution.  A  few  days 
•before  there  was  pollution,  and  a  few  days  after  ho  was 

§one  there  was  pollution  there,  »o  we  lound  it  rather 
ifficult  to  take  any  effectual  proceedings  against  tin 
works  because  of  the  ftiz  months*  notice.  We  found  it 
«o  in  the  case  of  these  tin  works  at  Aberdare.  There 
was  no  pollution  at  the  time  the  inspector  was  there ; 
there  was  pollution  a  few  days  before  and  afterwards. 

9857.  It  is  an  offence  to  pollute  at  all  ? — ^Yes. 

9858.  One  pollution  would  establish  your  case  ? — We 
failed  to  establish  the  case  there  because  at  the  time 
tiie  inspector  held  the  inquiry  there  waa  no  pollution. 

9859.  You  had  no  evidence  of  pollution? — We  had 
evidence  before,  but  at  the  time  he  wtks  there- there  was 
no  pollution  taking  place. 

9860.  (Colond  Harding.)  Can  you  give  me  an  instance 
where  the  iron  liquor  has  been  successf  ally  treated  on 
a  considerable  scale  for  the  production  of  copperas? — 
Yes.  sir,  it  is  prepared  at  Pontardawe,  at  Mr.  Gilbert- 
-son's  works ;  that  is  one  place  I  remember. 

9861.  On  a  considerable  scale? — On  a  considerable 
«cale. 

9862.  (Sir  Michael  Foster,)  What  is  the  market?--! 
could  not  say.  It  is  also  prepared  at  Caerphilly;  it 
is  also  prepared  at  the  Ely  Tin  Works,  at  Llantrissant, 
and  in  many  of  the  tin  works  in  the  Tawe  Valley — most 
of  them,  in  fact  I  believe  I  would  be  right  in  saying 
there  is  only  one  in  the  Tawe  Valley  where  copperas  is 
not  prepared. 

9863.  (Professor  Bamsay.)  What  is  the  process — eva- 
poration and  re~evaporation  ? — Evaporation  and  re- 
evaporation  with  scrap  iron,  nothing  else.  But  the 
great  difficulty  I  find  there,  as  I  said  before,  is  the  land 
problem,  and  local  authoritiee  do  not  have  the  means 
to  carry  the  sewage  down  to  the  sea. 

9864.  (Major-General  Carey.)  Do  you  know  Ogmore 
and  Garw?— Ogmore  and  Garw,  they  are  polluting  the 
river  now,  polluting  it  to  the  great  annoyance  of 
Bridgend  lower  down,  and  they  have  done  so  for  years. 
I  should  not  like  to  say  exactly  that  the  typhoid  fever 
which  happens  at  Bridgend  annually  in  the  autumn  has 
anything  to  do  with  the  sewage  in  the  river ;  I  should 
not  like  to  say,  bat  I  will  say  this — that  the  river  has  a 
jDX^  offensive  smell  in  summer. 

* 

9865.  {Sir  Michael  Foster.)  What  is  the  fever  which 
POOurs.?---Typhoid  ferer,  sir,  regularly  every  autumn. 
We  have  not  been  able  to  find  the  cause  of  it.  The 
drinking  water  is  absolutely  pure,  but  the  river  is  most 
offensive,  and  at  Ogmore  and  Garw,  the  district  you 
mentioned,  they  have  not  yet  carried  out  a  scheme  of 
sewerage. 

9666.  (Professor  Bamsay.)  Are  there  any  exposed  mud 
banks  on  the  river  ? — ^In  which  of  the  rivers  ? 

9867.  Where  you  get  the  typhoid  fever  outbreaks?— 
No,  s-ir,  I  do  not  know  of  any. 

9868.  (Sir  Michael  Foster,)  Have  the  fish  been  killed 
in  the  river  by  means  of  the  pollution  ? — ^By  the  sewage  ? 

9869.  Yes  ? — ^I  am  not  aware  whether  fish  have  been 
killed  in  the  river  by  the  sewage,  but  fish  were 
killed  three  or  four  years  ago  by  probably  the 
disinfectants  which  were  used  at  Bridgend,  so  we  sup- 
posed fish  had  been  killed  in  the  Ely  river.  I  did  intend 
to  bring  samples  in  a  bottle,  but  I  could  not  get  at 
them.  They  were  not  kept  very  well.  When  the  pickle 
was  turned  into  the  river,  as  was  done  in  the  case  of  the 
Llantrissant  Works,  the  fish  were  killed  in  great  num- 
bers, and  a  few  of  them  were  collected. 

8970.  (Chairman.)  1  think  you  told  us  that  you  have 
had  vdry  little  personal  experience  of  artificial  filtra^ 
tion?— Very  little,  my  lord. 

987L  So  that  you  are  not  able  to  compare  its  results  ? 
— They  are  really  all  sewage  farms  and  sea  sewage  dis- 
posal works  down  there  except  one  and  a  few  that  are 
being  constructed  now. 

9872.  (Colonel  Harding.)  And  we  understand  that  in 
your  district  there  is  no  land  available  on  account  of  the 
narrow  valleys,  that  it  costs  too  much  to  take  it  a  long 
distance  to  the  sea,  and  therefore  if  any  system  of  arti- 


ficial.filtration  is  found  to  be  practicable  it- would  be       j>r. 
yery.  useful  in  your  neighbourhood  I — ^It  would  be  xtost    ^j*''*^ 
iiseful  indeeicl  in  most  of  our  districts. 'Bi  many  of      '^ 
cur  difitrici»  it  would.be  very  useful  indeed;  in. fact,  2iMayi90i. 
that  is  the  only  method  that  wtAiid'  suit  lAoit  of  thWff. 

9675*  (Chairman.)  H&ye  you  any  experience  as  to 
cottage  sewage,  where  there  is  no  water  caxriagd  or  any- 
.thing  of 'that  kind,  what  a  man -who  lives  in  a  cottage 
docs  with  his  sewage  ?^-Yes )  .take  a  typical  xiiaiiict  in 
the' Va^ -ol:G]Amoigan->^^  purely  agrjcuituxai  district. 
Well,  in  a  cottage  in  this  district — a  working  man's  cot- 
tage, for  instance — there  would  be  a  very  large  garden ; 
that  is  nearly,  always  the  case,  aiid  there  w^uld  be  a  re- 
ceptacle— a  bucket  or  a  pail — above  ground.  I  have  in- 
sisted upon  that,  and  the  contents  of  it  are  regularly 
buried  in. the  soil  of  the  garden,  the  garden  being  very, 
very  large. 

9874.  {Sir  Michael  Foster.)  Every  day  ?— No,  not  every 
day;  every  time  it  is  full — say  about  once  a  week. 
That  is  the  system  in  thai  district,  and  in  individual 
cottages  like  that  it  is  found  to  answer  very  well,  but 
in  the  case  of  larger  villages  the  difficulty  comes  in 
where  the  gardens  are  smaller.  Where  you  get  plenty  of  ' 
land  it  will  do  very  well— rthat  is  my  experience. 

9875.  (Major-General  Carey.)  And  in  all  these  cases 
is  the  water  supply  from  the  wells? — Yes,  some  of 
them. 

9876.  Close  to  this  land  on  which  your  sewage  is  do- 
posited  ? — ^Not  very  close.  In  some  cases  it  would  be, 
but  they  have  all  been  propi  .jy  protected  now.  aaa 
'but  they  have  all  been  properly  prcitected  now,  and 
are  being  amalysed  once  a  qaaitter  now — exiamined 
thoroughly. 

9877.  (Sir  Michael  Foster.)   Bacteriologically  ?— An 
chemically,  sir,  at  the  County  Laboratory,  and  we  hav» 
found  a  good  many  polluted. 

9878.  (Colonel  Harding.)  How  do  they  deal  with  sk^ 
v^ter  in  these  cases? — ^That  is  the  difficulty,  of  course 
Well,  they  deal  with  that  on  the  soil  of  the  garden-. 
In  some  instances  drains  conduct  the  slops  into  a  neigh- 
bouring field,  and  it  is  u&ed  for  broad  irrigation  there ; 
but  I  think  in  the  case  of  an  indiriauai  cottager 
with  a  big  garden  and  a  field  about  him  there  would 
not  be  very  much  difficulty  if  the  people  are  clean  and 
careful. 

9879.  (Chairman.)  Is  it  common  to  have  a  pail  of 
a  pit  in  the  closet  ?  Do  they  have  a  pit  or  a  pail  U^ 
Well,  in  the  d'ictrictar  that  I  am  speaking  of  it  is  com- 
mion  now  to  have  the  pails,  because  the  local  authori- 
ties fiome  years  ago  have  insisted  on  doing  away  with 
the  old  cesspools,  and  successf ully  so.  I  tiiink  myself 
that  that  is  a  very  good  movement. 

9880.  I  suppose  you  do  not  see  any  objection  to  a 
email  pit,  do  you,  if  it  is  kept  cleaned  out  with  tolerable 
frequency  ? — No,  I  do  not  if  it  is  properly  built 

9881.  You  mean  underneath  the  closet? — ^I  do  not 
like  them  at  the  best  of  times.  The  difficulty  is  keep- 
ing them  clean.  I  would  much  prefer  to  get  a  rocep- 
tacle  above  ground.  That  is  what  I  have  been  advising 
all  the  ti<me.  I  do  not  like  cesspits  however  good  they 
are,  however  well  built  they  are,  because  there  is  the 
difiijculty  about  cleaning  them  out,  and  people  are 
careless. 

9682.  The  pit  I  contemplate  is  a  brick  and  mortar 
pit,  built  rather  above  the  surface  of  the  soil? — Bather 
above. 

9883.  The  floor  of  the  pit  is  to  be  a  bit  above  ^-J 
have  no  objection  to  that.  The  pit  I  meant  was  an 
underground  pit. 

9884.  I  mean  where  the  floor  of  the  pit  was  above 
the  surface?— I  have  no  objection  to  that. 

9886.  You  have  no  objection? — Provided  it  is  pro- 
perly built  and  does  not  allow  of  any  soakage. 

9886.  If  it  is  properly  built  it  is  a  matter  of  no  con- 
sequence whether  it  is  a  pail  or  whether  it  is  a  pit? — 
Not  if  it  is  properly  kept  and  properly  emptied. 

9887.  Then  it  may  be  left  to  the  habits  of  the  people 
to  have  either  ? — ^That  is  what  it  is. 

9888.  (Major-General  Carey.)  And  if  the  contents  of 
this  pit,  supposing  it  is  above  ground,  are  not  regularly 
removed  by  the  occupant,  I  suppose  a  nuisance  is 
created,  is  it  not? — ^Yes,  there  is  no  doubt. 

9889.  Sometimes  the  authority  take  it  upon  them- 
selvus  /---Sometimes  they  do,  but  as  a  rule  they  find  it 
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Dr.       very  hard  work  in  scattered  districts  where  70U  find 
'ma*" Arc     *^®*®  things,  and  it  is  pretty  nearly  always  left  to  the 

'  JL.  '  oocapier,  and  if  he  does  not  do  it  it  is  a  nnisance. 
21  .Maj^9oi.  ggg^j^  (CoIo;iel  Harding.)  And  do  you  think  that  super- 
intendence is  impracticable  in  these  rural  districts,  that 
you  are  absolutely  dependent  on  the  occupier,  and  if  he 
does  not  do  it ? — ^No,  you  are  not  absolutely  depen- 
dent on  the  occupier;  there  is  the  sanitary  inspector. 
As  it  is,  they  do  go  round  every  house  so  many  trmes 
a  year,  and  they  very  soon  find  out  who  are  the  people 
who  are  negligent. 

0891.  And  you  find  that  kind  of  supervision  is  suffi- 
cient to  keep  it  right  ?— Well,  it  is  not  sufficient,  but  it 
is  of  great  utility.  In  a  very  wide  district  it  is 
very  difficult  for  one  inspector  to  do  all  this  work.  The 
villages  are  very  far  apart,  and  it  is  very  difficult  for 
him  to  visit  each  village  as  frequently  as  he  would  like, 
fio  that  in  his  absence  they  go  wrong  occasionally.  A 
great  deal  depends  on  the  people. 

Q892.  (Major-General  Carey.)  And    if   the  cesspit  is 

not  properly  emptied  or  irregularly  emptied,  of  course 
you  may  have  an  overflow  of  polluting  sewage  into  the 
nearest  stream? — ^Yes. 

9893.  {Professor  Bamsay.)  I  see  in  No.  16  you  suggest 
that  the  Government  should  countenance  the  establsh- 
ment  of  health  laboratories  where  sewage,  effluents, 
manufacturers'  refuse,  and  other  materials  discharged 
into  rivers,  estuaries,  sea,  etc.»  could  be  thoroughly  and 
systematically  examined  if  and  when  required,  and 
that  these  should  be  under  the  control  of  County  Coun- 
cils ? — ^Yes. 

9894.  Where  would  you  propose  to  have  those  ? — The 
Glamorgan  County  Council  established  a  public  health 
laboratory  in  Cardiff. 

9896.  In  some  central  town  ? — Well,  in  the  most  cen- 
tral and  convenient  town  of  thi  county. 

9896.  (Sir  Michael  Foster.)  In  connection  with  the 
college? — ^Well,  ours  happens  to  be  near  the  college,  in 
a  building  owned  by  the  college,  but  the  college  has 
nothing  whatever  to  do  with  the  Glamorgan  County 
Council.  We  rented  this  house  from  the  college, 
because  teaching  in  connection  with  this  place  was 
contemplated,  and  it  has  taken  place  since,  so  it 
happens  to  be  by  the  college,  although  the  college  has 
nothing  to  do  with  it.  We  established  this  labora- 
tory after  a  good  many  years  talking  about  it.  About 
eighteen  months  ago  ihe  thing  was  done,  and  we  took 
the  building  and  we  pay  £40  a  year  rent ;  we  extended 
it,  and  we  provided  the  requisite  apparatus  ;  one  part 
is  a  chemical  department,  and  the  other  is  a  bacterio- 
logical department,  and  the  County  Council  have  last 
January  twelvemonths  appointed  a  bacteriologist,  and 
since  then  they  have  appointed  an  assistant  to  him. 

9897.  (Professor  Bajnaay.)  Is  it  under  the  control  of 
the  County  Council? — ^Yes,  it  is  under  the  control  of 
the  County  Council,  but  some  short  time  ago  the 
Corporation  of  Cardiff  joined  the  Glamorgan  County 
Council  in  this  matter,  and  we  find  that  it  is  working 
very  well  indeed.  I  should  like  to  have  an  opportunity 
of  saying  what  we  do  there.  We  examine  there  once 
a  quarter  every  public  water  supply  in  the  County  of 
Glamorgan,  chemically  or  bacteriologically,  and  we 
also  examine  well  waters  from  these  rural  districts  that 
I  am  talking  about  in  the  county.  We  have  pretty 
well  examined  every  well  by  now.  We  have  been 
working  eighteen  months,  and  every  well  that  the  dis- 
trict Medical  Officer  of  Health  or  myself  suspect  we 
get  samples  of  in  addition  to  the  public  wells  which  are 
done  quarterly.  I  think  this  is  a  movement  in  the 
right  direction  myself. 

9898.  When  you  find  bad  water  in  a  well  what  is  your 
course? — We  have  found  many  bad  waters.  We  write 
to  the  Medical  Officer  of  Health  ;  we  send  him  a  copy 
of  the  analysis  and  keep  one  ourselves,  and  we  say 
**  the  water  of  a  certain  well  has  been  found  bad,  will 
you  make  this  known  to  your  local  authority,"  and  he 
does,  and  the  necessary  steps  to  have  the  well  closed 
are  taken.  We  have  found  that  to  be  very  useful  in- 
deed ;  at  the  end  of  six  months'  work  we  pick  out  every 
supply  that  is  polluted,  and  send  a  letter  to  the  local 
authority.  If  they  did  not  take  proceedings  we  can  see 
that  they  do.  I  think  that  under  the  Public  Health 
Act  County  Councils  have  no  power  really  for  estab- 
lishing laboratories.  This  was  established  under  the 
Technical  Instruction  Act. 

9899.  Then  in  No.  14  what  bye-laws  would  you  sug- 
gest for  simplification  of  procedure  ? — Pollution  arising 


from  works  where  one  must  give  six  months'  notice  toi 
the  authority  that  pollutes,  are  those  where  we  found 
difficulty— 'for  instance,  tin  works. 

9900.  Would  you  suggest  that  there  should  be  a 
shorter  notice  given? — ^We  have  not  found  it  practic- 
able. As  I  said  before,  when  the  inspector  came  th» 
pollution  was  stopped. 

9901.  There  was  no  pollution  ? — There  was  no  pollu- 
tion, and  we  could  not  get  a  canviobiony  and  though 
there  was  no  pecuniary  loss  to  them  at  all,  only  they 
would  not  provide  proper  plant      They  do  so  now. 

9902.  {Sir  Michad   Foster,)  I     suppose     the    storm 
water    itself    is  very  pressing    in    Glamorgan  ?— Very 
pressing  indeed.       The  storm  water  in  the  County  of 
Glamorgan  is  enormous  at  times.       We  have  a  great 
difficulty  in    this   big    joint  sewerage  scheme  of   the 
Rhondda  Valley  and  Pontypridd  to  keep  it  out,  and 
they  have  failed  to  keep  it  out,  whereas  in  summer  the-' 
water  is  barely  enough  to  wash  for  flushing. 

9903.  (Zh.  Bussell.)  I    see    in    No.  15  you    speak  of 
crude  sewage  diboharged  into  the  river  being  dangerous 
to  animals? — Yes. 

9904.  What  evidence  have  you  got  of  that?— I 
remember  having  evidence  once — ^I  do  not  know 
whether  it  is  right — of  a  cow  drinking  a  sewage-polluted 

•  aier  and  became  ill  and  threw  her  call,  and  I  havir 
had  many  a  complaint  from  farmers  along  the  banics 
of  the  Ely  that  the  cattle  do  not  seem  to  care  for  the 
sewage-polluted  water,  though  I  know  from  my  owa 
experience  that  cattle  really  like  standing  water  to 
drink,  whereas  horses  do  not. 

9905.  It  would  be  chemical  sewage  though,  tradt 
refuse  ?— Yes.  in  the  River  Ely,  tin  works  refuse. 

9906.  In  this,  might  there  not  be  some  minenJ 
poison/ — Oh,  there  was  mineral  poison  as  well  as 
sewage  in  it,  and  it  will  kill  fish  without  a  doubt,  the 
pickle  will  when  they  put  it  in  the  river. 

9907.  And  you  say  it  caused  abortion  in  this  cow?— 
I  believe  it  caused  abortion. 

9906.  Did  any  action  for  damages  ensue  ? — I  do  not 
think  so. 

9909.  Is  that  the  only  instance  you  have? — That  i» 
the  only  instance  I  remember  except  the  general  com- 
plaints about  horses  and  the  cows  not  liking  the  water^ 
but  I  do  not  remember  of  any  death  being  attributed  to 
any  sewage  or  manufacturing  refuse. 

9910.  You  spoke,  I  think,  about  a  village  wh«» 
typhoid  fever  had  broken  out?— At  Bridgend. 

9911.  You  attributed ?— No,  I  should  not  like  to 

say  that  I  did  attribute  it  to  the  pollution  of  the  river, 
but  we  could  not  attribute  it  to  anything  else,  the  river 
was  in  a  filthy  condition.  I  hope  it  will  not  last  long, 
because  the  polluting  authorities  up  in  the 
valleys,  with  the  exception  of  one  which  was  mentioned 
here,  are  carrying  out  schemes  of  sewerage.  Typhoid 
fever  has  been  there,  every  autumn  for  many  years 
since  I  have  known  the  place,  and  we  certainly  cannot 
attribute  it  to  the  water  supply  and  the  drains,  and  the 
riewers  there  are  good,  we  cannot  attribute  it  to  any- 
thing else,  but  I  should  not  like  to  say  that  it  was 
caused  by  the  pollution  of  the  river. 

9912.  Then  there  is  pollution  ?  You  said  to  Professor 
Kajnsay  there  are  no  mud  banks?— There  are  no  mud 
banks  within  some  miles  of  the  town  ;  there  are  sand 
banks  lower  down,  but  there  are  no  sewers  near  them  at 
all. 

9913.  It  is  simply  moving  ?— There  are  no  mud  banks 
on  this  river  so  far  as  I  know. 

9914.  Then  what  did  you  do  to  deal  with  this  enteric 
fever  ? — Well  we  had  an  hospital  built  there,  and  we 
made  a  house  to  house  inspection  of  the  place,  and  ws 
analysed  the  waters  systematically,  both  chemically 
and  bacteriologically,  and  we  could  not  find  anything 
wrong  with  any  of  them.  We  had  a  disinfecting 
apparatus  there — an  apparatus  for  disinfecting  infected 
bedding,  clothing,  etc. 

9915.  Have  they  waterclosete  or  privies  ?— Water- 
closets,  all  flushed,  but  we  have  not  done  away  with  the 
typhoid  fever  yet ;  we  have  it  every  year. 

9916.  It  is  most  extraordinary? — I  am  very  sorry  to 
say  it  is  well  known — ^the  case  of  Bridgend.     It  is  well 
known  at  the  Local  Government  Department. 

9917.  WTiat  is  your  general  opinion  of  the  farms 
which  you  have  examined  there?    On  the  second  page 
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of  jour  statement  you  say  that  the  farms  have  been 
examined  by  yourself  ? — Yes. 

9918.  For  many  years  past? — ^Woll,  ever  since  I  have 
been  there— about  eight  years. 

9919.  Can  you  give  any  general  opinion  aa  n^ards 
their  action ;  do  they  do  well  or  are  they  efficient  in 
purifying  the  effluent  ?— Well,  I  cannot  give  a  very 
decided  answer,  because  it  is  only  within  recent  moaths 
that  we  have  commenced  with  the  effluents;  we  have 
only  had  this  laboratory  for  a  short  time ;  but  my  ex- 
periexK^e  is  when  a  f  arm-  is  und<er  the  control  of  an  official 
of  the  local  authority  it  is  very  well  looked  after ;  when 
it  is  left  to  a  farmer  it  is  not  well  looked  after ;  that 
is  the  rule.  Of  course,  when  the  farmer  does  not  want 
the  sewage  he  passes  it  into  the  river ;  when  he  does 
want  it  he  puts  it  on  the  land,  which  is  not  all  the 
year  round. 


9920.  (Major-QenercU  Carey,)  Do  you  know  the  farm        Dr. 
of  Merthyr?— Yes,  sir,  I  do,  very  well.  wuuamtt, 

9921.  Do  you  know  what  population  thty  are  treat-  21  iiaylwi. 

mg— what  proportion  to  the  acre? — ^I  know  the  popula- "  

tion. 

9922.  Do  you  know  the  process  of  treatment  ?— It  is 
intermittent  downward  filtration,  and  the  land  is  very 
suitable. 

9923.  U  was  one  of  the  first  places?— It  has  about 
110,000  population. 

992).  You  do  not  know  the  results  they  get? — It  has 
been  there  for  thirty  years.  The  land  must  have  been 
veiy  suitable  indeed.  The  valley  is  rather  wide  at  that 
place.  I  do  not  remember  the  exact  number  of  acres  at 
the  moment. 


THIETY-FIFTH    DAY. 


Wednesday,  22nd  May,  1901. 


PBESENT  : 

The  Right  Hon.  The  Eakl  op  Iddesleigh  {Chairman),  pi-eiiding. 


Mnyor-Gen.  Constantine  Phipps  Caeey,  e.e. 
Professor  William  Ramsay,  f.r.s. 


Mr.  Thomas  William  Killick. 
Colonel  Thomas  Walter  Harding. 


Mr.  F.  J.  Willis,  Secretary. 


PRESENT  ALSO  : 

Dr.  G.  McGowAK.         I         Professor  R.  Boyce. 


Dr.  Percy  Faraday  Frankland,  f.r.b.,  Professor  of  Chemistry  in  the  University  of  Birmingham, 

called ;   and  Examined. 


9925.  (Chairman.)  You  are  Professor  Percy  Faraday 
Frankland,  Professor  of  Cherndstry  in  the  University 
of  Birmingham? — Yee. 

9926.  You  have  bad  a  good  deal  ci  experience  in  oon- 
neotuon  with  maittexs  reilating  to  sewage  purification? — 
Yes,  for  some  twen^ty  years  past  I  have  studied  these 
matters. 

9927.  Then  can  vou  give  us  any  general  statement 
upon  the  question  ?— During  the  pa^  twenty  years  I 
have  had  much  experience  in  maittere  relating  to  the 
puidfioation  of  sewage,  and  have  paid  attention  to  the 
devdtopmenb  of  the  processes  employed  for  this  pur- 
pose. 

In  May,  1898,  I  was  requested  hy  the  Esvers  Com- 
mittee of  the  Corporation  of  Manchester  to  investigate, 
in  conjunction  with  Professor  Perkin  and  Mr.  Baklwin 
Latham,  the  methochs  of  sewage  disposal  then  available, 
and  to  advoee  the  Committee  as  to  the  most  suitable 
«chome  for  dealing  with  the  sewage  of  Manohester. 

Our  investigation  and  experiments  extended  over  a 
peraod  of  uprords  of  two  years,  and  led  ukimBit<ely  to 
the  reoomonendtttion  of  a  complete  scheme,  which,  with 
certain  modifications,  was  approved!  by  the  Ijocai  Qovern- 
menit  Boapd  and  hy  the  City  Coimcil  of  Manohester. 
The  oonstruotBon  of  the  works  reoommanded  is  now  in 

J)iiogre9S.  I  submit  printed  reports  and  diagiams  re- 
flrting  to  the  sewage  diisposal  of  Manchester,  in  which 
many  of  my  views  concerning  sewage  purification  are 
set  forth. 

The  inadequacy  of  chemical  precipitation  methods 
was  fully  demonstiattedl  by  the  experimenrts  of  the  B^'.vers 
Pollution  Commissioners  of  1866,  nor  has,  in  my  opinion, 
anything  arisen  in  the  interval  to  modify  their  conclu- 
sions. It  should,  however,  be  pointed  cut  that  they 
imder-esiDmated  the  purification  which  can  take  place 
in  runming  water  under  suitable  oondiltSons.  This  puri- 
fication is  now  known  to  be  due  to  bacterial  agem^ 
in  the  presence  of  oxygen  or  nitrates,  and  the  erroneous 
oonduaions  at  w^ich  thei^  arrived  were  probably  due 
to  the  fact  that  thet'r  principal  eridenoe  was  gleaned 
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from  rivers  which  were  so  foul  that  this  bacterial  oxi-    j)r  p  p 
dising  activity  had  no  opportunity  of  comaig  into  play.   Fmnkitmi 
The  ciroumstance  that  the  admixture  of  a  precipitation      r-^-^. 
efiiuent  with  a  very  large  volume  of  comiparatively  pure  22  Auiyiooi. 

running  water  may  lead  to  the  rapid  oxidation  of  the      

oiganic  matter  wihioh  that  effluent  contains,  shows,  of 
course,  that  in  certain  cases  mere  precipitaition  may  be 
sufficient  to  prevent  a  nuisance.  But  pursuing  this 
argument  further  ilt  is  obviously  possible  that  in  some 
cases  even  the  admission  of  raw  sewage  may  be  attended 
with  no  evil  consequences  as  far  as  actual  nuisance  is 
ccncemed. 

There  is  one  point  of  view  from  which  precipitation 
is  of  great  efficiency,  and  that  is  in  respect  of  the  re* 
moval  of  micro-organisms.  In  1885  I  showed  that  the 
bacteria  suspended  in  water  are  removed  to  a  most  re- 
markable extent  by  the  subsidence  of  solid  particles, 
and  if  these  solid  particles  take  the  form  of  precipi- 
tates, as  in  the  case  of  Clark's  process,  the  removal  of 
bacteria  is  still  more  pronounced  and  may  even  lead  to 
almost  complete  sterilisation  of  the  water. 

This  is  a  matter  which  is  of  obvious  importance  in 
connection  with  the  removal  of  pathogenic  bacteria  from 
sewage,  and  the  danger  of  effluents  from  a  zymotic  dis- 
pihse  point  of  view. 

The  Rivers  Pollution  Commissioners  of  1868  again 
fully  established  the  very  high  degree  of  purification 
-airhich  can  be  effected  by  means  of  broad  irrigation  and 
by  means  of  intermittent  downward  filtration  through 
soil,  which  was  invented  by  one  of  them. 

NotwQJtJhstanding  that  it  is  possible  bv  these  means 
(irrigation  and  intermittent  downward  filtration)  to  ob- 
tain ^uents  of  a  very  h'gh  degree  of  organic  purity, 
these  methods  have  on  the  whole  been  anything  but 
Balisfaotory  or  poptilar  in  this  country.  Amongst  the 
piobable  reasons  for  this  are  the  enormous  areas  of  laud 
required  (cite  Birmingham,  where  over  2,000  acres  are 
now  in  the  possession  of  the  Corporation  for  sewage 
purposes),  the  unsuitability  of  many  soils,  the  tempta- 
tion to  apply  excessive  volumes  of  sewage  to  a  given 

3X 


530 


ROYAL   COMMISSION   ON   SEWAGE   DISPOSAL: 


Dr  p  F.   area,  and  notably  the  subordination  of  puriiication  to 
Frankiaiui,  the    efficient   cropping  of   the    land.      The    frequent 
y-*-s.      practice  of  sub-letting  the  sewage  farm  is,  of  course,  a 
28  May  1901.  most  potent  cause  of  failure  in  purification. 

Baoteriologioal  research  shovredl  tlhat  the  purificaitdon 
of  refiue  nubtter  in  the  soil,  whether  bj  irngaibion  or 
by  imtermttitent  downward  fikration,  is  entirely  d^le  to 
bacterial  agency,  and  with  the  progress  of  bacteriologiioal 
knowledge  it  was  naturaS  that  more  adyiantageous  oon- 
dituons  for  ithe  development  of  this  activity  should  be 
arnmged.  The  modem  so-called  ''l»otei>i»l  methods" 
are  the  outcome  of  such  attempts. 

Bttoteidologista,  from  Basteur  onwardls,  have  divided 
bacteria  into  aerobic  and  anaerobic  forms,  and  the  dif- 
ference in  the  mode  of  life  implied  by  these  names  is 
of  the  utmost  'impiortance  in  conneotuon  with  the  meet 
advantageous  utiihsation  of  space  in  the  baoterial  puri- 
fication of  sewage.  In  nature,  both  aerobic  and  anaero- 
bic bacteria  are  found  in  close  juxtaposition,  and  the 
oheimical  changes  which  they  are  respectively  capable 
of  bringing  about  go  on  side  by  side,  the  one  or  the  other 
predominating,  according  to  circumstances.  In  order 
to  improve  upon  nature,  these  forms  and  the  processes 
dependent  on  them  should  be  separated  as  far  as  pos- 
sible. 

As  far  as  our  present  information  goes  the  purifica- 
tion of  sewage  cannot  be  completed  by  means  of 
anaerobic  bacteria  alone,  and  it  is  necessary  therefore, 
that  in  the  final  stages  of  the  purification  aerobic  con- 
ditions should  exclusively  prevail. 

The  supply  of  sewage  to  a  single  bacterial  bed,  as  was 
done  at  first,  fails  to  secure  such  sepnration  of  the  anae- 
robic and  aerobic  conditions,  and  is  a  fatal  objection  to 
the  '^  single  comtaot"  system. 

The  mere  supply  of  air  to  a  baicterial  bed  does  nob  in- 
sure aerobic  conditions,  the  latter  being  dependent  also 
on  the  amount 'and  nature  of  the  organic  matter  present 
in  the  sewage  supplied. 

The  separation  of  the  anaerobic  and  aerobic  processes 
wK>uld  be  best  secured  by  the  application  of  the  sewage 
(k>  a  numlber  of  beds  placed-  in  series.  Such  a  system 
may  be  described  as  "multiple  contact,"  and  the 
"  double  contact "  beds  which  my  colleagues  and  I 
recommended  at  Manchester  were  intended  to  be  a 
practical  adaptation  of  this  multiple  contact  princijjle. 
We  actually  tried  "triple  contact"  for  a  short  period 
of  time  with  very  satisfactory  results. 

A  further  separation  of  anaerobic  and  aerobic  pro- 
cesses is  effected  by  the  use  of  the  ''  septic  tank,  or 
**  cesspool,"  in  which  anaerobic  processes  can  alone  take 
place. 

Prior  ito  our  experimenfts  at  Manchester,  there  was, 
I  behove,  a  general  ionpressdon  that  se(ptic  tanks  must 
be  closed  to  secure  anaerobic  conditions,  but  our  experi- 
ence of  fermentation  phenomena  led  us  to  think  that 
no  sudh  artificaaO:  exclusilon  of  air  was  really  necessary, 
and  in  comparartive  experiments  made  with  open  and 
closed  tanks  it  was  oonclualvely  shown  that  equaKy  good 
results  were  ohtainable  with  both. 

The  covering  of  septic  tanks  may  frequently  be  de- 
sirable, however,  on  other  grounds,  viz.,  the  avoidance 
of  smell,  and  possibDsifty  of  gas-collection. 

In  OUT  first  experiments  at  Manchester  we  tried  the 
application  of  crude  sewage  to  the  double  contact  beds, 
but  although  a  large  amounit  of  purification  was  effected, 
it  led  to  diminished  capacity  or  blocking  of  the  beds 
«nd  indicated  the  great  importance  of  preliminary  settle- 
ment. 

I  believe  the  advantages  of  such  preUminary  settle- 
ment to  be :  — 

(a.)  Bemoval  of  suspended  solids. 

(6.)  Oompaitttive  uniformity  of  sewage  reaching 
beds. 

(c.)  Resolution  of  a  large  proportion  of  the  sus- 
pended solids  and  consequent  prevention  </ 
much  sludge. 

((f.)  Resoluition  of  some  dissolved  organic  matters. 

The  tables  appended  to  our  Manchester  report  show 
that  after  pivtting  the  open  sept'c  tank  into  operation 
the  results  obtained  with  the  double  contact  bewLs  were 
uniformly  satisiftbctory. 

Many  of  the  failures  which  have  taken  place  in  con- 
nection with  the  use  of  bacterial  beds  are  doubtless  d«ue 
either  to  the  entire  absence  of  septic  preparation  or  to 
the  application  of  unduly  large  quantities  of  sewage  to 
the  beds,  also  to  faulty  construction  of  the  beds. 


Although,  in  the  first  instance,  we  gave  equal  periods 
of  contact  in  the  first  and  second  beds  of  our  experi- 
mental installation,  we  always  had  in  view  the  possi- 
bility of  modifying  not  only  the  number  of  apptications 
per  24  hours  to  the  beds,  but  also  the  possibility  of 
varying  the  quantijties  of  sewage  applied  to  the  upper 
andi  lower  beds  respeodveliy. 

Thus,  after  finding  that  an  effluent  of  practically  uni- 
form excellence  could  be  obtained  by  the  use  of  double 
contact,  experiments  were  made  to  ascertain  whether 
the  upper  or  the  lower  beds  would  admit  of  harder 
work  without  prejudicing  the  character  of  the  final 
effluent.  These  experiments  showed  that  the  final  beds 
could  be  treated  with  a  much  larger  volume  of  sewage 
than  the  upper  beds,  a  result  which  is  of  obvious  impor- 
tance, not  only  with  respect  to  the  acreage  required  for 
the  purification,  but  also  in  respect  of  the  manner  in 
whidi  that  acreage  should  be  laid  out,  a  larger  area  of 
upper  than  of  lower  beds  being  required. 

It  was  further  found  that  the  effluent  from  the  upper 
beds  could  be  most  conveniently  allowed  to  flow  through 
the  lower  beds,  thus  avoiding  the  necessity  of  opening 
and  closing  the  valves  on  the  lower  beds,  and  thereby 
saving  labour. 

At  the  time  our  experiments  at  Manchester  wero 
commenced,  there  was  doubt  expressed  in  some  quarters 
as  toi  the  possibility  of  purifying  sewage  containing 
trade  effluents  by  the  bacterial  method.  The  sewage  of 
Manchester  contains  a  great  variety  of  trade  effluents, 
including  those  from  tar,  chemical  and  dye  works, 
but,  notwithstanding,  it  has  proved  eminently  amen- 
able to  bacterial  purification. 

Manufacturing  sewage  had,  I  believe,  invariably 
before  been  found  to  yield  little  or  no  nitrates  on  puri- 
fication, but,  by  the  double  contact  system  nitrifica- 
tion became  well  est«^blished  in  the  final  effluents  The 
production  of  nitrates  is  not  only  of  importance  as 
'  showing  the  aerobic  nature  of  the  purification,  but 
their  presence  in  the  effluent  serves  to  prevent  putrefac- 
tion in  the  latter. 

We  hav3  also  directed  our  attention  to  the  grading  of 
the  material  in  the  bacterial  beds,  and  are  of  o^Hnion 
that  the  materials  generally  employed  are  too  coarse. 
In  commencing  our  experiments  we  used  a  coarse  upper 
bed,  the  clinkers  passing  a  3  in.  sieve,  and  being  re- 
jected by  a  1  in.  mesh.  Being  dissatisfied  with  the  per- 
formance of  this  bed,  we  subsequently  altered  the  grade, 
using  clinker  which  passed  a  }  in.  and  was  rejected 
by  a  ^  in.  mesh. 

We  came  to  the  conclusion  that  the  use  of  compara- 
tively fine  material  of  this  kind  is  of  great  importance, 
especially  for  the  first  bed,  inasmuch  as  it  leads  to 
the  arrest  of  suspended  solids  in  the  sewage  upon 
the  surface  of  the  bed,  from  which  it  can  be  much  more 
easily  removed  than  if  it  gains  access  to<  the  body  of 
the  bed,  as  is  the  case  with  coarse  material. 

The  beds  employed  by  us  at  Manchester  retained 
their  capacity  in  a  very  satisfactory  manner ;  the  per- 
manent capacity  being  in  round  numbers  about  one- 
third  of  the  tank  capacity  of  the  space  containing  the 
material. 

The  double  contact  beds  were  not  found  to  be  affected 
by  frost,  which  is  a  most  important  feature  in  their 
favour,  as  compared  with  land  treatment.  The  rela- 
tive inefficiency  of  land-treatment  during  frost  was 
already  x>ointed  out  by  the  Rivers  Pollution  Commis- 
sioners. 

9928.  (Mr.  KiUick.)  You  advised  Manchester  on  the 
scheme  which  they  have  adopted  ? — ^Yes. 

9929.  You  have  every  confidence  in  that  scheme)—' 
Yes. 

9930.  It  was  for  septic  tank  treatment,  followed  by 
double  contact  beds? — ^Yes,  it  was  septic  tank  treat- 
ment, followed  by  double  contact,  which  we  recwn- 
mended  to  the  Corporation. 

9931.  You  feel  every  confidence  that  tEat  will  pro- 
duce chemically  /i  satisfactory  effluent? — ^Yes,  that  is 
my  belief. 

9932.  With  regard  to  the  removal  of  micro-organisms, 
what  opinion  have  you  of  the  Manchester  system? — 
You  mean  of  the  micro-organisms  oi^ginally  present 
in  the  sewage? 

9933.  In  the  sewage,  yes  ? — Well,  I  do  not  think  that 
any  very  considerable  proportion  of  those  micro-or- 
ganisms will  be  removed  by  this  process.  As  far  as 
experiments  go  with  these  bacterial  beds  they  show 
that  the  effluent  still  contains  a  very  large  number  of 
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bacteria,  and,  as  far  as  one  can  see,  these  bacteria  are 
the  same  as  those  which  are  present  in  the  original 
sewage  to  a  certain  extent,  so  tnat  I  do  not  think  that 
the  bacterial  system  is  calculated  to  remove  the  bacteria 
present  in  the  original  sewage  with  any  degree  of  effi- 
ciency. 

9934.  But  an  effluent  from  this  system  flowing  into  a 
stream  which  is  not  used  for  drinking  or  domestic  pur- 
poses, do  you  ooDAider  safe?— Oh,  certainly.  It  is 
quite  capable  of  removing  the  putrescible  organic  matter 
and  so  preventing  any  nuisance  which  might  other- 
wise subsequently  arise. 

9935.  Have  you  studied  the  question  of  the  sterilisa- 
tion of  such  an  effluent  at  Manchester  ?— No,  we  have 
not  attempted  to  sterilise  the  effluent  there,  we  do 
not  consider  it  of  any  importance  at  all,  because  the 
effluent  is  discharged  into  the  Manchester  Ship  Canal, 
wnich  itself,  needless  to  say,  could  never  by  any  possi- 
bility be  used  for  drinking  purposes,  so  that  any  steri- 
lisation of  the  effluent  would  not  only  be  useless,  but 
probably  even  projudicial  to  the  ultimate  purification 
of  the  effluent  m  the  ship  canal,  because  the  bacteria 
would  be  better  left  in  it  to  continue  those  processes  of 
purification  which  have  already  commenced  in  the 
contact  beds. 

9936.  In  comparing  land  filtration  and  artificial  fil- 
tration, do  you  think  that  there  is  any  advantage  either 
in  lie  one  or  the  other  ?— ^Both  processes  are  substan- 
tially the  same  in  my  opinion,  only  that,  of  course, 
in  the  case  of  artificial  filtration  a  much  larger  amount 
of  purifying  Work  can  be  performed  on  a  given  area, 
but  the  two  processes  are  identical. 

9937.  Do  you  think  there  is  more  difficulty  in  obtain- 
ing competent  management  for  one  process  than  the 
other?— If  a  sufficiently  large  area  of  land  is  available, 
and  it  is  really  desired  to  purify  the  sewage  on  that 
land,  because,  of  course,  in  many  cases  there  is  no 
real  desire  even  to  purify  the  sewage  on  the  land,  then 
I  think  that  it  would  not  require  such  careful  manage- 
ment as  the  satisfactory  management  of  artificial  beds, 
because  if  the  sewage  is  distributed  over  a  very  large 
amount  of  land  it  cannot  get  away  without  these  imn- 
f ying  processes  coming  into  play.  Of  course,  it  might 
be  so  passed  through  artificial  beds  that  very  little 
purification  is  really  effected  unless  it  was  systematically 
done  and  properly  controlled. 

9938.  Have  you  made  any  comparisons  between  such 
a  system  as  Manchester  and  such  a  systwn  ««  that 
adopted  at  Chorley?— I  am  not  acquainted  with  the 
Chorley  Sewage  Works. 

9939.  Chemical  precipitation  and  mechanical  filtra- 
tion ?— Mechanical  filtration? 

9940.  Yes  1— Of  what  kind  is  the  mechanical  filtra- 
tion? 

9941.  Sand  filters,  polarite  and  sand?— Well,  of 
course,  that  has  been  tried.  Continuous  filters,  I 
understand. 

9942.  No,  they  are  not  continuous^— Intermittent? 
9943    They   are  practically  continuous,   yes?— Well 

of  course  by  continuous  filtration  through  sand  you 
cannot  obtain  any  proper  purification  at  all. 

994^  Sand  and  polarite?— I  do  not  believe  that 
polarite  has  any  value  whatever. 

9945.  Have  you  any  opinion  as  to  the  advantage  of 
the  septic  tank  being  closed  or  open  before  proceeding 
to  put  the  filtrate  upon  the  contact  beds?— -Well  at 
Manchester  we  had  a  septic  tank  installation  on  the 
lines  of  the  Exeter  plant  at  work  and  side  by  side  we 
had  an  open  septic  tank  of  our  own  arrangement,  and 
there  was  no  practical  difference  whatsoever  between 
the  effluent  obtained  from  these  two  different  kinds  of 
tank.  In  my  opinion  there  is  absolutely  no  value  in 
closing  the  septic  tank  excepting  that  it  may  prevent 
a  smell  or  for  reasons  of  that  kind.  It  may  occa- 
sionally and  frequently  be  of  use  to  cover  it  on  that 
account.  As  far  as  regards  the  processes  which  go  on  in 
the  septic  tank  I  do  not  think  it  makes  any  difference 
whether  it  is  closed  or  open. 

9946.  Have  you  considered  the  question  of  the  dura- 
tion of  the  suggested  contact  beds  in  Manchester? — 
You  mean 

9947.  The  life  of  the  bed  ?— Oh,  ^s,  we  went  pretty 
fully  into  that  as  far  as  time  permilted  and  we  found 
that  if  the  beds  were  properly  used  they  retained 
practically  the  same  capacity  indefinitely  as  far  as  we 

can  see.     No  doubt  in  the  course  of  a  very  long  time 
probably  diminished  capacity  and  even  stoppage  might 
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occur,  but  there  was  no  evidence  of  that.     Of  course    />/-.  /*.  y. 
there  were  occasions  when  the  capacity  of  the  beds  •^'^'jj^'f' "^' 
did  diminish,  but  then  this  arose  m  connection  with       J_L' 
experimental  work.     We  purposely  overtaxed  the  beds  22  May  iDoi. 
to  see  what  could  be  done  with  them,  and  on  those 
occasions    there   was    certainly    diminished    capaci^. 
When  we  had  learned  how  to  use  these  beds  satis- 
factorily we  found  that  the  capacity  of  the  beds  prac- 
tically remained  undiminished. 

9948.  The  capacity  of  the  beds  immediately  decreased, 
say  it  decreased  to  one-third  the  total  capacity  about? 
— About  that — ^yes. 

9949.  And  that  you  think  would  remain  fairly  con- 
stant over  a  considerable  period  of  time? — That  was 
our  experience  and  that  was  especially  the  case  with 
the  second  contact  bed.  Tho  first  contact  bed — it  is 
very  difficult  of  course  to  protect  that  from  the  excesses 
of  suspended  matter  and  the  suspended  matter  of 
course  is  liable  to  diminish  the  capacity  of  the  bed. 
But  on  the  second  contact  bed  the  results  were  ex- 
tremely satisfactory  as  regards  the  preservation  of 
capacity. 

9950.  You  would  say  the  question  as  to  whether 
sewage  should  be  treated  on  land  or  through  artificial 
filters  would  depend  upon  the  sewage  and  the  site, 
in  the  site  I  include  the  accessibility  to  land  and  the 
cost  of  the  land  7 — ^Yes,  I  think  the  cost  is  the  prin- 
cipal factor  which  would  determine  in  the  choice  be- 
tween land  and  artificial  beds.  Of  course  the  con- 
struction of  these  beds  is  costly,  I  believe  it  is  often 
unnecessarily  costly,  but  I  suppose  there  can  be  little 
doubt  that  if  land  can  be  obtained  at  a  sufficiently 
low  price  i^  would  be  possible  to  purify  the  sewage  at 
a  smalle.  expense  on  the  land  than  by  means  of 
artificial  beds. 

9951.  {ColoTid  Harding.)  You  said  that  in  nature 
the  aerobic  and  the  anaerobic  actions  ^o  on  in  juxta- 
position and  that  it  is  desirable  in  trying  to  improve 
on  nature  to  separate  them  as  far  as  possible? — ^Yes, 
I  think  so. 

9952.  And  you  think  therefore  that  by  scientific 
dealing  with  the  question  of  sewage  treatment  on 
artificial  beds  it  is  possible  to  obtain  more  perfect  re- 
sults than  by  land  or  as  perfect  results  upon  very 
much  smaller  areas? — On  a  much  smaller  area — yes. 

9953.  And  artificial  filters  would  be  more  under 
control,  would  they  not,  than  land,  under  more  ready 
supervision  than  land  areas  because  of  their  smaller 
area  ? — ^Yes,  certainly  you  could  have  them  under  more 
immediate  supervision  than  large  areas  of  land. 

9954.  But  your  suggestion  that  in  connection  with 
land  there  is  a  temptation  to  exaggerate  the  volume 
which  is  being  dealt  with  on  a  given  area,  surely  does 
not  apply  to  land  treatment  only ;  it  applies  equally 
to  artificial  filtration,  does  it  not  ?---Oh,  of  course  there 
might  be  the  same  temptation  on  beds. 

9955.  Exactly  the  same  ? — ^Well,  not  exactly  the  same, 
because  in  the  case  of  land  it  is  so  frequently  the  case 
that  they  wish  to  derive  a  profit  from  crops  on  the 
land.     Now  there  is  no  temptation  of  that  kind. 

9956.  But  in  so  far  as  they  want  to  have  crops  they 
will  not  exaggerate  the  volume  they  are  dealing  with 
on  the  land  but  rather  the  other  way  will  they  not  ? 
That  is  another  point.  They  would  rather  deal  with 
less  sewage  and  let  it  flow.  The  temptation  in  that 
case  is  to  let  it  flow  direct  to  the  stream  untreated 
rather  than  to  put  too  much  on  the  land? — ^Well  of 
course  that  is  what  one  frequently  sees  at  sewage 
works. 

9957.  The  temptation  of  overdoing  the  dose  upon  a 
given  area  applies  equally  to  the  artificial  filter  as  to 
land  ;  it  is  not  an  argument  against  land  7 — ^Yes,  I 
think  it  is,  because  even  supposing  you  have  acquired 
a  large  sewage  farm  and  if  they  are  attempting  to 
work  this  sewage  farm  to  get  a  certain  return  from 
it  they  will  only  put  as  much  sewage  on  to  the  land 
as  will  suit  their  crops  and  the  rest  of  the  sewage  they 
will  short-circuit  so  to  speak,  pass  it  over  some  land^ 
but  quite  an  insufficient  quantity,  and  let  it  go  straight 
into  the  stream,  and  I  have  seen  that  happening  con- 
stantly. 

9958.  And  you  consider  it  an  advantage  of  artificial 
filtration  that,  having  nothing  to  do  with  crops,  that 
kind  of  temptation  does  not  arise  ? — ^Yes,  I  think  that 
is  a  great  advantage. 

9950.  Now  you  say  that  where  sewage  is  being  deal< 
with  entirely  upon  contact  beds  it  does  not  necessarily 
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Dr.  P.  F.  follow  that  on  an  aerated  bed  the  action  is  aerobic  ? — 
'^'rs*'"''  ^^'  ^^  ^^®*  ^^*  depend  simply  on  the  supply  of  air, 
-1-1'      it  depends  also  on  the  amount  of  organic  matter  which 
22  May  1901.  [g  present  in  the  sewage  applied. 

9960.  Well  you  experimented  in  Manchester  with 
crude  sewage  upon  contact  beds  ? — ^We  did  at  one  time 
— yes. 

9961.  And  you  came  to  the  conclusion,  which  others 
have  come  to,  that  it  is  impracticable  to  deal  with 
crude  sewage  on  contact  beds  because  of  the  large 
quantity  of  suspended  solids  ? — ^Yes,  we  found  that  our 
first  contact  bed  was  blocking. 

9962.  But  upon  the  point  whether  the  action  was 
aerobic  or  anaerobic  upon  that  first  contact  bed  have 
you  formed  an  opinion? — Yes,  I  should  think  it  was 
probably  both,  partly  aerobic  and  in  part  anaerobic, 
but  largely  anaerobic,  and  certainly  the  oxidation  was 
by  no  means  complete.  There  were  no  nitrates  for 
instance  or  barely  any  in  the  effluent  from  the  first 
contact  bed,  so  that  I  4o  not  think  there  could  have 
been  properly  established  aerobic  action  going  on  in 
that  bed,  otherwise  we  should  have  had  nitrates  in 
the  effluent  from  it. 

9963.  And  the  conclusion  you  came  to  at  Man- 
chester was  that  it  was  desirable  before  dealing  with 
sewage  on  contact  beds  to  have  an  antecedent  treat- 
ment?— Oh,  certainly. 

9964.  Now  as  to  the  relative  value  of  a  septic  treat- 
ment as  an  antecedent  treatment  and  chemical  pre- 
cipitation, you  say  you  do  not  know  anything  about 
the  Chorley  Sewage  Works,  but  at  Ohorley  they  have 
a  very  perfect  system  of  quiescent  settlement  and  they 
produce  an. effluent  which  is  very  free  from  suspended 
solids.  Tou  are  of  opinion,  are  you  not,  that  an  efflu- 
ent of  that  kind  would  be  admirably  dealt  with  on 
contact  beds  ? — Oh,  yes,  certainly  in  fact  we  had  ex- 
I^eriments  of  that  kind  going  on  at  Manchester.  The 
whole  of  the  Manchester  sewage  is  treated  chemically 
with  lime  and  proto-sulphate  of  iron  and  the 
effluent  from  the  tanks  in  which  it  is  so  treated 
has  been  for  years  allowed  to  pass  on  to  certain  beds 
which  were  put  down  there  by  Sir  Henry  Boscoe 
about  six  years  ago,  and  the  effluents  from  those  beds 
have  always  been  very  satisfactory. 

9965.  And  have  you  formed  ai\y  opinion  as  to 
whether  it  is  better  to  deal  with  a  septic  effluent  or  an 
effluent  from  good  chemical  precipitation  in  order  to 
bring  about  good  results  in  the  final  filtrate? — ^Well, 
I  cannot  say  that  I  have  instituted  any  very  strictly 
comparative  experiments  of  that  kind,  but  the  effluent 
from  our  contact  beds — ^it  is  true  they  were  double 
oontact  beds  whilst  the  beds  which  dealt  with  the 
chemical  effluent  were  only  single  contact  beds— our 
double  contact  beds  effluent  was  much  superior  to  the 
effluent  obtained  from  the  single  beds  which  had  had 
chemical  treatment  before. 

9966.  That,  of  course,  you  would  expect,  and  that 
would  be  due  to  the  double  contact? — Yee,  it  may  be 
due  to  that,  or  it  may  be  due  to  the  septic  treatmenit. 

9967.  That  is  the  poinit  now  I  am  coming  to.  Do 
you  think  that  the  chemical  precipitation  would  bring 
abourt  antiseptic  conditions  which  would  vitiate  the 
action  of  the  filteiB  afiterwards ?-~Oh,  no;  if  the 
amount  of  chemicals  is  that  which  is  usually  anplied  i 
do  not  think  they  would  have  any  appreoiaiDle  anti- 
septic action  at  all. 

9g6a  Tou  think  not?— No. 

9969.  Then  do  you  think  that  the  septic  tank  anae- 
robic treatment  is  of  value  in  preparing  oiganic  matter 
ior  the  aerobic  action  in  the  contact  beds  ? — ^Well,  I  do 
not  think  that  any  very  decisive  experiments  have  been 
made  on  that  eubject ;  it  is  more  inferanee  and  a  priori 
reasoning  than  anything  else  as  far  as  I  know. 

9970.  There  is  an  interesting  suggestion  in  your 
•evidence   as   to    the  settlement   of    suspended  matter 

affecting  the  quantity  of  baioteria  in  an  effluent,  and  I 
think  you  tell  us  you  have  foitmed  an  opinion  that  in 
•ompletely  settling  the  suspended  maitter  you  remove 
in  larffe  part  the  bacteria  from  the  effluent? — Yes,  that 
is  so,  by  chemical  precipitation  if  it  is  properly  carried 
out  a  very  liarge  proportion  of  the  bacteria  can  be 
removed  ;  in  fact,  for  instance,  in  CQ  ark's  softening  pro- 
cess the  water  is  almost  sterilised  by  the  treatment,  not 
sterilised  through  the  lime  acting  antiseptically,  but 
through  the  subsidence  of  the  bacteria  along  with  the 
suspended  carbonate  of  lime  which  goes  to  the  bottom. 


9971.  Then  you  would  advise  us  as  a  Commission  to 
insist  that  all  effluents  going  into  a  atream  should  be 
as  free  as  poesible  from  all  suspended  matter,  altboogh 
such  suspended  matter  might  be  non-putrescible  ? — Odi, 
I  think  oertaanly  if  it  has  to  go  into  a  stream  which 
is  afterwards  used  for  drinking  purposes  it  would  be 
of  great  advandage  to  have  the  maximum  remoral  of 
bacteria  originally  present  in  the  sewage. 

9972.  In  other  cases,  of  course  in  a  stream  not  used 
for  drinking  purposes  it  is  of  no  consequence  ?—€t  is 
of  subordinate  importance. 

9973.  Have  you  formed  any  opsnion  from  the  experi- 
ments at  Manchester,  which,  I  take  it,  you  are  still 
watching,  as  to  the  amount  of  the  consuocqption  of  tfus. 
pended  solids  which  takes  place  in  the  septic  tank? — 
No,  I  have  no  direct  experiments  on  that  poinft,  more 
than  the  mere  qualitative  result  that  the  amount  of 
sludge  accumuflaftiaig  in  the  sepidc  tank  was  very  smiall 
indeed. 

9974.  We  have  informatdon  from  Mr.  Fowler  on  that 
point,  and  as  you  have  no  personal  knowledge  upon 
it  I  will  not  press  it  ? — -Yes. 

9975.  As  a  chemist,  can  you  give  us  any  opinion 
in  regard  to  the  question  of  nuisance  arising  from 
septic  tanks?  ifVom  your  own  experience  at  Manches- 
ter you  httve  gathered  no  doubt  that  there  is  no  a|>> 
preoiable  nuisance  from  the  open  septic  tanks  at 
Manchester,  have  you  not? — ^Yes,  that  is  my  opinion, 
that  the  amounit  of  nuisance  was  very  trifling.  There 
is  a  smell ;  you  cannot  have  these  large  tanks  with<oi]!t 
some  smell  aiiifiing  from  them,  but  I  cannot  say  that  it 
was  very  disagreealble. 

9976.  Then  the  gases  produced  are  all  inodorous, 
are  they  not,  at  Manchester  ?--Well,  not  altogether 
inodorous.  The  piinoipal  gas,  of  course,  is  marsh  gas, 
which  is  inodorous. 

9977.  Carbonic  acid,  hydrogen,  nitrogen? — ^There  are 
other  products  which  are  odorous. 

9978.  But  are  they  not  in  solution,  those  products  ? — 
Some  of  them  will  be  carried  off  with  the  gas. 

9979.  The  evil  smelling  products  are  in  solution, 
are  they  not? — ^Well,  I  should  not  like  to  say  that 
definitely.  I  thin^  some  of  them  are  gases,  or  at  any 
rate  capable  of  passing  off  as  vapours. 

9960.  Have  you  ascertained  whether  the  nuisance  is 
connected  with  the  stirring  up  of  the  septic  effluent  or 
whether  it  is  due  to  the  emanations  from  the  septic 
tank? — The  septic  tank  itself  certainly  has  a  smell, 
there  cannot  be  any  doubt  about  that,  because  the  sep- 
tic tank  which  we  used  at  Manchester  was  very  much 
larger  than  the  beds ;  I  mean  was  very  much  larger  in 
proportion  than  the  beds  on  which  we  purified  it  so 
that  if  you  stood  near  the  septic  tank  you  were  pcac- 
tioally  getting  the  smell  only  from  the  septic  tank 
not  from  the  eiOiuent  which  was  passing  from  it  on  to 
the  contact  beds. 

9981.  Have  you  any  experience  of  your  own  upon 
the  question  of  nuisance  arising  from  the  septic  tanks 
where  they  are  used  for  domestic  sewage  pure  and 
simple  ? — ^Well,  I  had  a  cesspool  myself  in  connection 
with  my  house,  and  of  course,  from  the  cesspool  itself 
there  was  no  smell  which  could  get  out  into  the  open 
air  as  it  was  covered  up,  but  when  the  sewage  was 
pumped  from  this  tank  there  certainly  was  a  smell 
whilst  it  was  being  pumped  ;   it  did  not  last  very  long. 

9962.  I  should  think  it  is  a  bad  smell  in  that  case} 
— Oh,  it  would  be  very  disagreealble  to  most  people; 
in  fact,  the  neighbourhood  obiected,  the  immediate 
neighbours  oibjeotod  to  this  smell,  and  ultimately  the 
houses  were  ooinnecfced  with  the  main  drainage,  but  it 
is  not  a  very  disagreealble  smeM  in  my  opinion. 

9963.  Do  you  not  think  the  presence  in  Manchester 
sewage  of  iron  compounds  would  tend  to  minimise  the 
nuisance? — Oh,  I  do  not  think  the  amount  of  iron  in 
the  Manchester  sewage  is  sufficient  for  that. 

9994.  Would  they  not  take  up  the  sulphur?— No 
doubt  they  would,  but  the  amtounit  of  iron  in  the 
Manchester  sewage  is  not  generally  very  la^ge.  Occa- 
sionally considerable  quantities  of  iron  "  pickle "  liquor 
come  down,  but  the  Manchester  sewage  is  not 
characterised  by  containing  a  very  large  amount  of 
iron. 

9965.  Now  as  to  your  contact  bed  experience  at 
Manchester,  you  have  come  to  the  conclusion  there,  the 
same  as  Mr.  Fow'ler,  that  it  is  desirable  to  use  graded 
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siftterial  in  such  a  way  that  the  finest  material  is  at 
the  top  of  the  first  bed? — Yes,  that  is  mj  opinion. 

9066.  With  the  object  of  getting  ba  £ar  as  poasible 
.the  suspended  nuatter  on  the  surface  ?— 'Yes. 

9067.  Of  course  it  is  moet  intexeBidng  to  us  to  know 
whether  using  beds  so  ocuifitructed  it  is  poss^e  to 
nuadnitain  their  capaodty  for  long  periods;  do  you  not 
think  there  would  be  danger  not  only  of  this  sue- 
j)ended  matter  on  the  surface,  but  of  that  fine  matecial 
itself  gradually  making  its  way  down  into  the  inter- 
stices of  the  ooarse  material  below,  and  so  bringing 
^about  the  reduotioui  of  capacity  by  oonoo^lidaitn,on  9-^ 
Well,  we  did  not  find  that  to  be  i^e  case.  As  matter 
of  fact,  the  fine  maiteiial  remained  on  the  top  and  it 
•could  be  just  forked  over  and  the  permeabidi^  of  the 
bed  was  at  once  restored. 

9988.  Tou  think  in  practice  that  danger  would 
scarcely  arise? — I  do  not  think  so. 

9969.  In  Manchester  it  is  fair  to  0av  is  it  hot,  that 
jrour  experiments  aire  on  a  very  small  scale? — ^Well, 
the  beds  were  not  very  large,  but  they  were  sufficieiivbly 
large  I  think  to  draiw  conclusions  from. 

9990.  Well,  they  have  now  at  Manchester  a  half-acre 
•bed  at  work,  have  they  not? — I  believe  so. 

9991.  Have  you  any  personal  experience  of  its  work- 
ing  ? — "No ;     I    have    nkx   peravoi^l    experience    of    its 

"working. 

9992.  It  is  no  use  my  asking  you  whether  the  results 
they  have  found  on  that  larger  bed  harmonise  with 
•those  which  were  found  on  the  smaller? — No,  I  cannot 
tgive  you  any  in-fonna)tion. 

9993.  You  have  not  perBonsllly  gone  into  the  ques- 
ision  of  the  cost  of  these  beds?— ^Jfo,  I  have  not. 

9994.  But  you  reoognise  that  aztificial  filtration  must 
necessarily  be  very  oostly  ?— Well,  I  have  seen  beds 
ior  instance  at  OlcUiam  which  I  understand  cost  £100 
per  acre.  They  are  simply  dug  out  of  the  ground  and 
the  sides  are  protected  with  boards,  and  I  was  given  to 
understand  that  these  beds  worked  very  satisfactorily. 

9996.  But  what  was  the  miaterial  usedT— Ok! 
elinkers  were  put  into  the  beds,  a  porous  material. 

9996.  Possibly  the  £100  an  acre  might  be,  in  that 
'Case  it  would  surely  be,  a  very  small  estimate,  the 
•cost  simply  of  excavating  the  hole  into  which  to  put 

the  material  ? — ^No ;  I  understood  the  bed  as  comr 
pleted  cost  £100  an  acre. 

9997.  I  would  advise  you  to  inquire  into  that ;  it 
-would  be  a  most  delightful  solution  of  the  matter — 

9998.  (Major  Oenercd  Carey.)  The  cost  of  the  ma- 
terial on  the  spot? — ^But  the  cost  of  the  material  in  any 
*case  would  be  insignificant  compared  with  the  cost  of 

the  beds.  I  should  mention  that  the  contents  of  those 
beds  were  not  graded  in  any  way.  There  is  a  grsat  ex- 
pense in  connection  with  the  grading  of  the  material. 

« 

9999.  (Colonel  Hardirtg.)  No  doubt  that  is  a  serious 
source  of  expense.  You  havei  not  any  experienco  of 
your  own,  have  you,  upon  continuous  filtration? — No, 
£  have  not. 

10000.  Trickling  filtration,  aerobic  filtration  ?— Yes, 
J  have  seen  it  going  on,  for  instance,  at  Accrington,  and 
I  had  the  effluents  from  it  analysed,  and  it  was  very 

satisfactory,  but  I  have  not  the  same  kind  of  eizperience 
of  that  as  I  have  of  these  contact  beds. 

10001.  (Vrof,  Bam  say,)  We  were  told  yesterday  by 
Dr.  Klein  that  pathological  bacteria  are  destroyed  by 

•simple  length  of  time  in  contact  beds  with  other  bac- 
teria, and  he  led  us  to  believe  that  sewage  treatment 
on  arable  land  gave  them  a  longer  time  to  be  exposed 
to  other  influences,   and  therefore  killed  them  out. 
Have  you  any  experience  of  the  saiiie  sort  in  connection 
-with  bacterial  work?--Well,   of  course,   I  have  made 
a  great  number  of  experiments  on  tho  longevity  of  pa- 
thogenic bacteria  in  water,  and  that  is  the  result  at 
irhioh    I    arrived    that    if    you    put    pathogenic    bac- 
teria into  unsterile  water,    these  pathogenic  bacteria 
disappear  within  days  or  woeks  as  the  case  may  be, 
but  I  have  not  made  any  experiments  of  that  kind  on 
land,  but  I  can  easily  conceive  that  that  would  be  the 
result  of  prolonged  rest  on  land,  and  contact  with  other 
bacteria  would  lead  to  their  destruction. 

10002.  That  might  be  an  argument  in  favour  of  land 
treatment? — Oh,  I  think  it  might;  yes. 

10003.  I  wish  to  ask  you,  have  you  had  much  ex- 
perience of  sewage  treatment  on  farms  ? — Well,  I  have 
-never  had  anything  to  do  with  the  management  of  such 


farms,  but  I  have  been  on  these  farms  and  seen  the  way    jyr.  p.  f, 
in  which  the  sewage  is  there  disposed  of — ^for  instance,  FraiOUano, 
at  Birmingham  and  ofcher  places.  ^'^'^ 

10004.  Have  you  ever  seen  a  well-managed  sewage  -^  ^[5L^' 
farm  in  which  the  effluents  were  really  constantly  run- 
ning out  clear,  and  giving  good  results  on  analysis? — 

Well,  I  have  analysed  the  effluent  from  the  Chroydoa 
farm  within  the  last  few  years,  and  I  may  say  that  it 
was  not  as  satisfactoiy  as  the  eiOluent  from  our  contact « 
beds,  and  I  have  seen  certain  cases  where  the  effluent 
was  practically  not  purified  at  all  alter  running  off  the 
most  magnificent  land. 

10005.  But  put  it  the  other  way  round.  Have  you 
ever  seen  any  effluent  from  land  that  was  continuously 
good  ? — Well,  I  cannot  say  that  I  have  ever  watched  a 
sewage  farm  in  that  minute  way  to  be  able  to  answer 
that  question  satisfactorily. 

10006.  That  point  in  your  evidence  as  regaris  the 
removal  of  bacteria  by  chemical  precipitation,  by  the 
formation  of  precipitate,  strikes  me  also  as  very  inter- 
esting. Has  it  ever  occurred  to  you  that  an  effluent 
after  treatment  by  bacterial  process  could  be 
sterilised  by  chemical  precipitation? — Oh,  it  could 

certainly  be  done,  you  mean  to  put  the  precipitation 
plant  after  the  contact  beds  ? 

10007.  After  the  contact  beds  ? — ^Yes,  that  could  cer- 
tainly be  done. 

10008.  Would  that  greatly  reduce  the  number  of 
bacteria? — Of  course,  it  would  have  to  have  sufficient 
length  of  time  for  subsidence. 

10009.  Naturally? — ^And  the  subsidence  you  would 
have  to  give  it  would  be  considerably  more  prolonged 
than  is  usually  possible  in  sewage  works  under  existing 
circumstances. 

10010.  Would  it  be  possible  to  remove  the  suspended 
matter  by  ordinary  filtraticm,  for  instance,  through  sand 
and  some  bed  of  that  kind,  after  treatment  ?— Oh,  I  do 
not  see  the  slightest  objection  to  that.  Of  course,  we 
know  that  in  tiie  filtration  ol  water  through  ordinary 
water  works  filters  the  bacteria  are  almost  entirely  re- 
moved if  the  process  is  properly  carried  out. 

10011.  Perhaps  I  had  better  b^in  a  little  further 
back ;  do  you  consider  the  water  of  Oxford  and  of 
Beading  and  of  Henley  should  run  into  the  Thames, 
which  is  used  for  drinking  purposes  ? — I  think  that  the 
unfiltered  Thames  water  is  unsuitable  for  drinking  pur- 
poses ;  yes. 

10012.  But  after  filtration  the  sewage  which  goes  in 
higher  up  produces  no  bad  effect? — ^There  is  not  the 
slightest  evidence  that  it  produces  any  ill  effect  among 
the  consumers  in  London. 

10013.  And  you  think  it  would  be  unnecessary  for 
the  Oxford  and  the  Henley  populations  to  sterilise  their 
effluents? — ^As  far  as  experience  goes  it  would  appear 
to  be  quite  unnecessary ;  I  mean,  of  course,  theoreti- 
cally, we  can  se^  that  there  may  be  a  loophole  for  dan- 
ger, but  there  is  no  evidence  that  any  evil  result  has  ac- 
crued from  the  use  of  filtered  Thames  water. 

10014.  Have  you  any  experience  as  regards  the  dis- 
tance down  a  river  which  bacteria  can  pass  and  still 
survive  ? — ^Well,  some  years  ago  I  made  a  number  of  ex- 
periments on  the  river  Dee,  above  Aberdeen,  where  there 
are  a  number  of  small  sources  of  pollution  along  the  Dee 
from  various  villages ;  where  these  pollutions  entered 
the  number  of  bacteria  was  very  considerably  increased, 
but  as  one  proceeded  down  the  stream  the  numbers 
again  diminished.    I  could  give  you  in  fact  the  exact 
figures  for  that  if  it  were  not  taking  up  your  time. 

'^  Above  Braemar  the  Dee  was  found  to  yield  only 
eighty-eight  micro-organisms  in  1  c.c,  and  is,  there- 
fore, bacteriologically  of  great  purity.  The  next  sam- 
ple was  taken  from  the  river  below  Old  Mar  Castle,  and 
after  thorough  incorporaticm  of  the  tributary  Cluny 
(which  receives  the  sewage  of  Braemar).  This  accession 
is  marked  by  a  large  increase  in  the  number  of  mi- 
crobes, there  being  found  as  many  as  2,829  in  a  c.c. 
Another  sample  was  taken,  above  the  Bridge  of  Ballater, 
and  it  shows  that  the  number  of  micnM>rganisms  has 
been  reduced  by  rather  more  than  one-half  in  the  flow 
from  Old  Mar  Castle  to  this  point,  for  only  1,139  were 
found  in  the  c.c.  A  sample  examined  from  the  De^ 
100  yards  below  the  Ballater  Sewage  Pond  outfall,  on 
the  other  hand,  shows  a  large  increase,  in  the  number 
of  micro-organisms,  as  many  as  3,780  being  obtained 
from  a  c.  c.  The  cause  of  this  increase,  notwithstanding 
the  very  small  quantity  of  liquid  coming  from  the 
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Dr,  P.  F.   pond  at  the  time  (10  o'clock  in  the  morning),  is  not  far 

FrmiMand,  to    seek ;     for    as    many    as    235,000,    273,000,    and 

!:^'      26,000,000    were    found    in    the    effluent    from    the 

22  May  1901.  sewage     pond     and;     the     sewage     outfall     channel 

aibove     th|e     pond     at     Ballater     respectively.       On 

following  the  Dee  down,  a  sample  was  taken 
above  the  junction  of  the  Neil  Bum,  Kincardine 
o'  Neil,  and  it  was  found  th&t  the  micro-organisms  had 
Again  fallen  to  about  the  same  number  as  above  Balla- 
ter, the  number  amounting  to  938  in  the  c.c.  Below 
the  entrance  of  the  Neil  Bum,  which  at  the  time  of  the 
investigation  was  a  mere  dribble,  the  number  of  micro- 
organisms had  again  perceptibly  risen,  1,860  being 
found  in  the  c.c.  The  Neil  Bum  itself,  twelve  yards 
below  sewage  outfall,  was  found  to  be  very  rich  in 
micro-organisms,  as  many  as  1,200,000  being  obtained 
in  the  c.  c.  The  river  on  reaching  Invercannie,  however, 
again  exhibits  just  about  the  same  number  of  micro- 
organisms as  above  Kincardine  o'Neil,  or  above  Ballater, 
only  950  being  found  in  the  c.c.  The  total  number  of 
miles  of  the  river's  flow  which  was  covered  by  the  ex- 
amination was  upwards  of  40." 

10015.  So  that  there  is  a  ver^l  considerable  amount 
of  purification  1^— Oh,  I  believe  so,  and  in  this  case  I 
should  mention  that  it  was  impossible  by  chemical 
analysis  to  even  ascertain  any  contamination  of  the  river 
at  all.  It  was  only  shown  in  the  bacteriological  ex- 
iimination.  The  river  is  very  pure  from  a  chemical 
point  of  view,  but  these  smsJl  pollutions  very  mate- 
rially affected  the  bacteriological  character. 

10016.  It  is  a  very  important  question  for  this  Com- 
mission to  make  up  their  minds  whether  any  recom- 
m^ndation  should  be  made  as  regards  sterilising 
effluents  which  enter  a  drinking  stream.  l.P^^.^^J^ 
case  as  an  extreme  ona : -«upi)osing  an  epid^jc  ot 
typhoid  fever  weire  to  break  out  at  Henley  or  at  Uxford, 
would  that  seriously  imperU  the  population  of  London 
in  your  opinion  ?— There  is  no  experience  that  any  sucn 
thing  has  resulted.  I  mean  typhoid  fever  of  course, 
is  always  prevalent  in  the  upper  Thames  Valley,  and  y^ 
nobody  his  ever  been  able  to  show  that  any  typhoid 
fever  in  London  was  connected  with  these  epidemics 
of  typhoid  fever  above,  although  many  people  have  tried 
to  show  it,  and  trace  such  a  connection,  but  it  has  never 
been  successfully  accomplished. 

10017  Then  it  is  your  opinion  that  sterilisation  of 
effluents  which  enter  a  drinking  river  which  is  after- 
wards to  be  filtered  may  be  neglected.  It  need  not 
be  sterilised?— Well,  I  think  that  is  the  practical  con- 
clusion one  comes  to,  though,  of  course,  theoretically 
one  would  like  to  see  them  sterilised,  no  doubt. 

10018  It  would  be  advisable  to  sterilise  them  if  it 
could  be  done  cheaply  ?— Oh,  yes,  I  quite  agree  to  that. 

10019.  Have  you  given  any  consideration  to  the  steri- 
lisation of  effluents  ^No,  I  cannot  say  that  I  have. 

10020.  What  do  the  water  companies  do  with  the  wash 
waters  which  contain  the  bacteria  filtered  out  from  ttie 
water?— Thao  passes  into  the  river  at  the  waterworks. 
This  is,  of  course,  below  the  point  of  intake. 

10021.  Have  you  had  any  experience  of  the  utilisation 
of  sludge?  Do  they  utilise  the  Manchester  sludge?— 
No,  it  is  simply  dug  into  the  ^ground  there,  it  is  used 
for  filling  up  the  old  river  bed.* 

10022.  There  is  a  process  suggested  at  Chorley  for 
dry  distilling  the  sludge,  and  producing  a  kind  of  gas. 
Have  you  ever  heard  of  that?— No,  I  have  not 

10023  You  make  a  statement  that  bacteriological 
research  showed  that  the  purification  of  refuse  matter 
in  the  soil,  whether  by  organic  or  by  intermittent  down- 
w-ard  filtration,  is  entirely  due  to  bacterial  agency.  Is 
that  statement  to  be  taken  without  reserve?  Is  there 
no  oxidation  c^herwise  than  what  occurs  through  the 
medium  of  bacteria?— Well,  I  think  that  it  has  been 
shown  that  if  the  bacteria  are  destroyed  in  any  way 
these  changes  cease. 

10024.  Have  you  made  any  special  experiments?— 
No,  I  have  not  myself,  but  the  researches  of  Pasteur 
and  of  Schloessing  and  Muntz  show  that,  and,  of  course, 
incidentally,  I  suppose  every  bacteriologist  has  evidence 
of  that,  inasmuch  as  his  culture  materials  and  so  on 
retain  their  composition  for  an  indefinite  period  of  time 
as  long  as  they  are  sterile. 

10025.  What  was  supposed  to  be  the  action  of  a 
continuous    filter— anaerobic    or    aerobic?— I    should 


•  For  some  years  past  the  Manchester  sludge  has  been 
taken  out  to  sea  by  a  sludge  steamer  in  the  same  way 
w  at  Barking  and  Crossness. 


imagine  that  at  the  top  of  the  bed  to  a  certain  extent 
it  woiiAd  be  anaerobic,  and  that  you  would  get  more 
and  more  aerobic  processes  as  you  passed  to  the  bottom, 
and  I  should  think  that  is  the  case  also  with  land ; 
where  there  is  any  considerable  amount  of  organic 
matter  you  would  be  obliged  to  have  anaerobic  action. 

10026.  To  begin  with  ?— Yes. 

10027.  Have  you  any  data  of  your  own  on  the  amount 
of  suspended  solids  or  of  dissolved  organic  solids  which 
are  dissolved  in  a  septic  tank  ? — ^No,  I  do  not  think  so, 
but  that  seems  to  me  a  very  difficult  matter  to  deter- 
mine at  all,  because  the  composition  of  the  sewage  you 
see  entering  the  septic  tank  is  varying  from  minute  to 
minute,  and  it  is  almost  impossible  to  know  what  the 
amount  of  suspended  matter  entering  has  been. 

10028.  You  have  not  thought  of  any  device  by  which 
it  would  be  possible  to  determine  how  much  of  the 
suspended  or  dissolved  organic  compounds  are  decom- 
posed in  the  septic  tank? — ^Dissolved? 

10029.  Dissolved  or  suspended  organic  matter? — No, 
I  do  not  see  how  it  could  be  done  with  any  degree  of 
accuracy.  Of  course,  by  multiplying  the  number  of 
samples  of  entering  sewage  and  of  the  leaving  effluent 
from  the  tanks  an  idea  might  be  arrived  at,  but  I  think 
it  would  not  be  of  a  satisfactory  character. 

10030.  Have  you  examined  septic  tank  liquor  for 
pathogenic  bacteria  ? — ^No,  I  have  not. 

10031.  Have  you  any  idea  as  to  whether  they  would 
form  breeding  grounds  for  pathogenio  bacteria,  or 
whether  they  would  kill  them  out  ? — ^Well,  as  far  as  one 
can  judge,  of  course,  the  competition  of  the  large  num- 
ber of  non-pathogenic  organisms-septic  organisms, 
and  so  on — ^would  be  detrimental  to  the  pathogenic  bac- 
teria which  were  present,  but  I  do  not  think  the  evidence 
is  very  decisive  on  that  point.  Of  course,  it  is  a  matter 
of  great  difficulty  to  detect  pathogenic  bacteria  in  a. 
liquid  which  contains  such  a  large  number  of  other 
bacteria. 

10032.  That  is  quite  true.  Passing  on  to  the  nitrify- 
ing bacteria,  the  nitrite  and  the  nitrate,  have  you  any 
special  experiments  of  those  to  determine  which  is  the 
lowest  temperature  at  which  they  act  ? — ^No,  I  have  not 
any  direct  experiments  on  that.  Of  course,  we  know 
that  the  higher  the  temperature  the  more  rapidly 

10033.  Yes,  we  do;  does  their  action  cease  with 
frost?— Well,  it  never  ceased  in  our  beds  ;  but  there 
is  evidence  as  to  that  in  the  case  of  the  Bivers  Pollu- 
tion Commission.  They  found  that  the  effluent  from 
these  farms  at  Croydon  and  Norwood  contained  con- 
siderably less  nitrates  during  the  frosty  weather  than 
during  the  ordinary  summer  weather,  or  even  spring 
and  autumn.  During  frosty  weather  the  amount  of  ni- 
trates was  very  considerably  reduced.  This  is  referred 
to  in  their  reports  in  the  year  1870  or  thereabout 
Would  you  like  to  have  the  reference  to  it  ? 

10033.  I  think  we  know  generally  the  statement  that 
it  is  so.  I  did  not  know  whether  you  had  any  special 
experiments? — No;  but  I  might  mention  in  that  con- 
nection that  I  think  that  is  one  of  the  adivantagee  of  the 
contact  beds,  that,  of  course,  the  temperature  of  the 
liquid  in  these  beds  is  practically  independent  of  the 
outside  temperature,  whereas  in  the  case  of  land,  it  is 
entirely  conditioned  by  the  outside  temperature.  It  is. 
distributed  in  such  a  very  thin  layer  over  such  a  large 
area  of  land,  the  liquid  is  much  more  affected  by  tlie  air. 
Now,  in  winter  Uie  temperature  of  sewage  is  propor- 
tionately higher  than  in  summer  even. 

10035.  Have  you  examined  the  surface  of  soils,  the 
ground  below  the  surface  of  soils,  for  nitrate  or  for  evi- 
dence of  nitrification?  Have  you  examined  the  soils 
somewhat  below  the  surface  for  evidence  of  nitrification 
or  for  nitrate  bacteria?— No,  the  nitrate  bacteria  which 
I  cultivated  were  taken  from  the  surface  of  the  soil. 

10036.  Are  they  more  numerous  on  the  surface  than 
further  down?— Mr.  Warrington,  you  may  remember, 
made  very  extended  experiments  on  that  subject,  and 
he  found  'them,  I  forget  now  to  what  depth,  1  think  it 
was  6  ft.  or  12  ft.  He  published  two  series  of  results 
In  the  first  set  he  said  they  did  not  extend  beyond 
18  in  or  3  ft,  or  something  of  that  kind,  and  then  he 
tried  another  method  of  cultivation,  using  sulphate  of 
lime  by  which  the  nitrifying  baoteria  are  apparently 
very  much  stimulated,  with  the  result  that  he  found 
them  to  a  very  considerably  greater  depth  when  he  used 
that  method  of  cultivation  ;  but  I  think  there  can  be  nr» 
doubt  that  nitrificaftion  goes  on  to  a  considerable  depth: 
in  the  soil. 
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10037.  And  in  a  peaty  soil  do  you  know  what  takes 
j)lace  pretty  well?— -Oh,  I  think  in  peaty  soil  nitrifica- 
tion very  rarely  takes  place.     Nearly  all  the  waters 
wihich  are  derived  from  peaty  areas  are  practically  free 
from  nitrates  altogether. 

10038.  But  containing  nitrogen  in  other  forms  of  com- 
bination 9— Ohy  yes,  both,  ammonia  and  organic  nitro- 
gen. Of  course,  for  one  thing  the  acidity  of  the  water 
prohibits  nitrification.  Nitrifying  bacteria  are  very  sen- 
sitive to  acid. 

10050.  Have  you  had  any  experience  of  sulphuretted 
iiydrogen  bacteria  i — ^No,  I  have  not. 

10040.  In  the  ohemical  analysisi  of  effluent*  wihat  item 
do  you  regard  as  the  most  important — €or  instance, 
albununoid  ammonia  or  oxygen  absorbed? — Well,  I 
think  that  both  the  albuminoid  ammonia  and  the  oxy- 
gen absorbed  ought  to  be  taken  into  consideration  and 
in  a  more  limited  number  of  samples,  of  course,  the 
organic  carbon  and  nitrogen. 

10041.  The  total  organic  carbon  and  nitrogen  ?— The 
total  organic  carbon  and  nitrogen,  yes. 

10042.  Do  you  return  to  them  after  aeration  of  the 
affluent? — ^No,  we  do  not  do  that.  In  the  Manchester 
experiments  they  were  all  also  submitted  to  the  incuba- 
tor test. 

10043.  You  think  that  test  is  of  value  ^— Yes,  it  ap- 
pears to  me  to  be  of  great  value. 

10044.  Is  there  any  simpler  teat  which  you  could 
put  into  the  hands  of  a  workman  to  give  a  general  idea 
of  the  working  of  bacterial  bede  ^— We  considered  that 
very  carefully  at  Manchester,  and  we  came  to  the  con- 
clusion that  perhaps  the  best  teat  which  could  be  em- 
ployed was  the  oxygen  absorbed  in  three  minutes  as 

.giving  an  indication — a  very  rapid  indication— of  what 
the  amount  of  organic  matter  waa.  We  found  that  such 
determinations  agreed  fairly  well  with  those  obtain^ 
when  a  longer  duration  was  given  to  the  action  of  per- 
manganate. 

10045.  And  with  an  uniform  sewage  it  would  give  cor- 
rect comparative  results,  do  you  mean  t — Oh,  I  think  it 
would  give  a  very  good  idea  of  what  waa  going  on,  and 
if  the  sewage  was  stronger  the  workman  would  know 
that  he  had  to  treat  it  more  carefully  than  if  weaker. 

10046.  Have  you  had  any  experience  except  at  Man- 
chester of  manufacturing  refuse  ? — ^Not  in  the  same  way. 
Of  course,  I  have  been  at  sewage  works  where  there 
was  manufacturing  refuse,  but  I  nave  not  had  it  under 

-observation  in  the  s&me  manner. 

10047.  Have  you  formed  any  opinion  as  to  what  should 
be  done  with  i«t^-Hwhether  it  ought  to  be  allowed  to  enter 
the  sewers  or  dealt  with  otherwise  ? — Well,  I  think  cer- 
tain forms  of  manufacturing  refuse  would  be  best  kept 
out  of  the  sewers  altogether,  but  if  that  is  impracticable 
I  think  the  manufacturer  ought  at  any  rate  to  be  com- 
pelled to  discharge  hie  refuse  uniformly  over  the  24 
hours  instead  of  letting  it  off  in  sudden  rushes  as  they 
very  often  do.  I  have  generally  investigated  these  manu- 
facturing refuses  from  the  following  point  of  view.  If  it 
is  asked  whether  particular  refuse  is  likely  to  interfere 
with  the  treatment  of  the  sewage  I  have  mixed  this  manu- 
facturing refuse  with  water  and  determined  whether  the 
number  of  bacteria  multiplied  or  diminished  in  such 
a  mixture,  and  if  the  bacteria  multiplied  largely  I  took 
it  that  the  manufacturing  refuse  could  not  interfere  much 
with  any  bacterial  processes. 

10048.  Have  you  got  any  view  on  the  question  of  stan- 
dard for  sewage  effluents  ? — ^Well,  in  the  case  of  Man- 
chester we  worked  to  the  standard  which  is  prescribed 
by  the  Lrwell  and  Mersey  Joint  Committee,  which,  as 
you  doubtless  know,  is  one  ^ain  of  oxygen  absorbed 
per  gallon  and  -1  of  albuminoid  ammonia.  This  seemed 
to  be  a  very  reasonable  srtandard,  and  the  effluent  com- 
plying with  this  standard  generailly  also  stood  the  incu- 
bator test,  which  I  think  is  the  best  test  to  apply  if  you 
are  wishing  to  avoid  a  nuisance  in  the  stream  into  which 
you  discharge  the  effluent. 

10049.  Have  you  got  any  general  views  in  regard  to 
the  desirability  of  having  a  standard? — ^Well,  I  ^ink 
the  stream  into  which  the  effluent  is  discharged  muat 
ba  a  standard  itself.  I  do  not  think  it  ought  to  be  per- 
mitted that  an  effluent  of  worse  quality  than  the  stream 
itself  should  be  discharfi;ed,  excepting  when  the  stream 
is  exceptionally  so  good  that  you  could  not  quite  com- 
ply with  such  a  standard,  but  I  mean  it  would   be 

.absurd,  I  think,  to  require  a  very  high  standard  in  the 
M>9%  *it  an  already  considerably  polluted  stream. 


10060.  But  unless  one  makes  a  standard  and  aticks    Dr.  p.  f, 
to  it  the  chances  are  that  those  polluted  streams  wiU    ^'f^nkUmd, 
never  improve  ? — ^Well,  of  course,  there  i»  that  to  be  said      ^.1^' 

for  it  22  May  1901. 

10061.  You  would  consider  that  as  a  reasonable  stan* 
dard  for  the  present  ?-— It  seemed  to  me  a  very  reason- 
able one.  It  was  adopted  as  being  similar  to  the  one 
laid  down  by  the  Rivers  Pollutions  Commissioners, 
which  was,  as  far  as  I  remember,  two  parta  of  oxganie 
carbon  and  0*3  part  of  organic  nitrogen  per  100,000  in 
soluticm. 

10062.  Yes,  it  was?— Which  has  always  been  con- 
sidered a  very  severe  standard. 

10063.  Then  upon  non-potable  rivers  which  are  not 
going  to  be  drunk  would  you  take  that  as  the  same 
standard  9  You  think  that  applies  to  a  stream  which, 
at  all  events,  will  not  be  any  nuisance? — I  believe  that 
if  that  standard  ia  maintained  no  nuisance  would  arise. 

10064.  Have  you  a  standJard  for  drinking  water? — 
Do  you  mean  for  the  composition  of  drinking  water  9 

10066.  For  the  composition  of  dtinking  water  i»  there 
a  standard  ?— Oh,  no ;  I  think  one  must  take  into  con- 
sideration the  nature  of  the  wiater.  For  instance,  we 
might  have  an  amount  of  organic  matter  in  peaty 
water  which  would  be  quite  inadmissible  in  the  case 
of  well  water.  Hie  quality  of  the  organic  matter  is  the 
determining  feature. 

10066.  Have  you  studied'  cellulose  fermentation? — 
No,  I  have  not. 

10067.  (Major-Oeneral  Carey.)  With  regard  to  the 
effluent  from  the  Croydon  farm,  which  I  think  you 
say  that  you  have  analysed  ? — Yes. 

10068.  Was  the  analysis  made  before  the  sewage  was 
passed  through  a  coarse  bacteria  bed,  or  wa6  the  ^uent 
taken  straight  from  the  land? — I  understood  it  was 
coming  straight  from  the  land  at  that  time. 

1O06O.  How  long  ago  was  it? — Oh,  it  was  in  1808,  I 
think.  I  did  not  understand  that  there  were  any  beds 
at  that  time. 

10060.  At  Norwood  and  Beddington  they  have  now 
assisted  the  land  by  passing  the  sewage  througjh  coarse 
beds,  but  that  was  on  account  of  the  increased  volume 
of  sewage  due  to  the  increased  population.  Would  not 
the  same  necessity  exist  in  bacteria  beds  as  the  popula- 
tion increased,  assuming  that  the  bacteria  beds  are 
designed  for  a  certain  population,  and  in  a  few  years 
that  population  materially  increases?  There  would 
be  a  constant  liability  of  bacteria  beds  being  overtaxed 
by  the  volume  of  sewage  put  on  them  ? — The  beds  would 
undoubtedly  have  to  be  increased  in  area  as  the  flow  of 
sewage  increased  also. 

10061.  Depending  on  the  goodwill  or  the  judgment 
of  the  authority?  We  find  it  very  difficult  indeed  to 
induce  an  authority  to  increase  their  area  of  land  after 
they  have  once  started  ? — ^Yes,  of  course. 

10062.  That  would  be  a  cause  of  failure  which  would 
be  common  to  both  systems  of  treatment? — ^Yes,  cer- 
tainly. 

10063.  And  there  might  also  be  another  liability  to 
failure  due  to  the  difficulty  of  procuring  suitable  mate- 
rial for  the  filters  ? — ^Well,  it  has  been  shown  that  this 
clinker  is  a  very  efficient  material,  and  there  does  not 
seem  to  be  any  likelihood  of  the  amount  of  that  which 
is  available  being  limited. 

10064.  There  would  be  no  difficulty  in  geting  it  in 
any  part  of  the  country?— Of  course  the  price  will 
vary  consideraibly  in  different  parte  of  the  country. 

10065.  I  understood  the  price  had  gone  up  owing 
to  the  demand  at  Manchester  ?— Oh !  they  try  to  make 
local  rings  to  rush  up  the  price. 

10066.  In  Wales  they  suggested  slate  as  the  only 
medium  they  had? — ^Well,  there  is  a  great  variety  of 
material. 

10067.  Those  are  all  experimental  to  a  great  extent 
except  clinker  and  coke.  Slate  and  other  material  are 
experimental  ? — ^Well,  m  every  place  Uiere  is  some  local 
material  which  may  be  used.  For  instance  my  atten- 
tion was  called  the  other  day  at  Burslem  to  a  material 
which  they  employ  with  great  success.  It  is  the 
'^saggers"  from  the  potteries.  It  is  a  magnificent 
material  for  sewage  filters  ;  it  is  very  porous,  very  hard, 
and  I  should  think  it  is  superior  to  clinkers,  and  an  un- 
limited quantity  of  it  is  available.  I  think  with  a  little 
ingenuity  probably  in  any  place  a  local  material  can 
be  adapted  to  the  purpose. 
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Dr.P.F,       10068.  Then    the  possible  renewal   of   ihe  filtering 
r^.^*  material  would  have  to  be  taken  into  consideration 
— '-'      during,  say,  a  period  of  ten  years?— It  will  have  to 
fflMayifloi.  ^^  taken  into  consideration. 

10069.  In  estimating  the  cost  of  bacterial  treatment 
versus  the  treatment  by  broad  irrigation  on  land  'f — 
Yes,  the  cost  of  that  must  be  taken  into  consideration 
and  the  possibility  of  having  to  incur  that  cost  should 
act  as  a  deterrent  in  over-woiking  the  beds,  and  should 
lead  to  the  beds  being  used  carefully,  because  the  more 
carefully  they  are  used  the  longer  no  doubt  tiieir 
capacity  will  be  retained. 

10070.  If  suitable  land  can  be  obtained  at  a  reason- 
able price  would  you  recommend  its  adoption  in  prefer- 
ence to  bacterial  treatment  eay  in  rural  districts  where 
the  supervision  is  not  perha^  very  good? — ^I  think 
for  the  contact  beds  it  is  essential  to  have  proper  super- 
vision. 

10071.  Tes ;  I  am  now  assuming  that  you  could  get 
land,  sufficient  land  and  suitable  land  at  a  reasonable 
cost  ? — ^Yes. 

10072.  A  small  village  has  to  choose  which  treat- 
ment it  will  adopt,  whether  it  will  take  an  acre  or 
two  acres  of  suitable  land,  or  whether  it  will  adopt 
bacterial  treatment ;  have  you  any  opinion  as  to  which 
course  they  should  take  ?— -Well,  I  think  that  the  land 
would  require  less  skilled  supervision  than  the  bac- 
terial beds.  I  think  that  would  be  an  important  de- 
termining factor  in  the  choice. 

10073.  With  equal  efficiency  in  purification  if  it  ts 
well  managed? — ^I  think  that  from  the  land  with  less 
skilled  supervision  you  could  get  as  good  (or  better) 
an  effiuent  as  from  the  beds. 

10074.  Depending    on    good    management  in  both 
'     cases? — You  cannot  get  out  of  the  management  m 

either  caee.  I  do  not  think  it  requires  such  a  skilled 
man  to  work  land  satisfactorily  as  it  would  to  work 
beds  satisfactorily. 

10075.  Are  the  chemical  changes  which  take  place 
in  the  purification  of  sewage  on  land  precisely  the  same 
as  those  by  the  bacterial  process? — Yes,  I  take  it  that 
they  are  exactly  the  same  because  the  effluent  is  chemi- 
cally at  any  rate  undistinguishatile  in  the  two  cases. 

10076.  The  purification  is  merely  at  a  slower  rate  ? — 
You  mean  in  the  case  of  land  ? 

10077.  In  the  case  of  land  ?— Yes. 

10078.  That  is  all  the  difference  ?— Yes,  I  imagine 
that  to  be  the  only  difference. 

10079.  Have  you  made  any  experiments  or  do  you 
know  whether  a  septic  tank  effluent  could  be  treated 
directly  on  land,  without  iniury  to  the  land  or  with- 
out creating  a  nuisance  ? — ^I  nave  heard  that  it  can  be. 
I  have  not  any  experience  of  it  myself. 

10080.  Not  any  practical  experience  ? — ^No  ;  but  I 
know  that  at  Birmingham  they  are  treating  it  on  land 
with  great  success. 

10061.  From  the  septic  tank? — From  the  septic  tank 
— ^yes. 

10082.  And  is  part  of  that  land  laid  out  as  pasture? 
— ^It  is  laid  out  in  various  ways,  partly  as  intermittent 
filters  and  the  greater  part  of  course  is  broad  irrigation 
at  Birmingham.  But  they  are  using  septic  tank  effluent 
very  much  now  and  they  are  very  well  satisfied  with  it. 

10083.  No  injury  is  done  to  the  grass  ? — ^No. 

10084.  And  no  nuisance  is  created  ? — No,  I  have  not 
heard  of  any. 

10085.  You  say :  "  It  was  further  found  that  the 
effluent  from  the  upper  beds  could  be  most  conveniently 
allowed  to  flow  through  the  lower  beds,  thus  avoiding 
the  necessity  of  opening  and  closing  the  valves  on  the 
lower  beds,  and  thereby  saving  labour.*'  Is  the  effluent 
from  the  upper  beds  passed  continuously  through  the 
lower  beds*— Oh,  no  ;  you  mean  in  that  case? 

10086.  Yes,  at  Manchester? — No,  you  see  contact  was 
given  for  two  hours,  or  whatever  it  might  be,  on  the 
upper  beds,  and  then  the  valve  was  opened,  and  it  was 
idlowed  to  flow  out  on  to  the  lower  bed  in  the  ordinary 
way,  but  the  valve  of  the  lower  bed  being  partially 
open  permitted  the  liquid  to  flow  continuously  through, 
so  that  the  time  occupied  in  passing  through  the  lower 
bed  was  the  same  as  if  the  valve  had  been  first  closed 
and  then  fully  opened  in  the  ordinary  way.  Supposing 
the  contact  was  to  be  two  hours,  the  valve  of  the  lower 
bed  would  be  so  opened  as  to  permit  the  effluent  from 


the  upper  bed  to  stream  through  the  lower  bed  in  two 
hours.      This  method  was  occasionally  employed. 

10087.  In  a  continuous  stream? — In  a  continuous, 
stream,  yes.  There  was  no  curtailing  of  the  contact ; 
it  was  only  that  it  was  allowed  to  continuously  run 
through  instead  of  being  bottled  up  for  a  certain  length 
of  time ;  in  fact,  we  found  in  Manchester  that  the 
necessity  for  contact  in  the  case  of  the  second  bed  was 
very  much  less  than  in  the  case  of  the  first,  so  that  it 
would  probably  be  more  desirable  to  have  a  larger 
number  of  upper  beds  than  lower  beds  ;  in  fact,  when 
we  passed  the  effluent  from  the  upper  beds  through  the 
lower  beds  at  twice  the  rate^  we  found  that  we  were  still 
getting  an  excellent  effluent. 

10088.  And  you  have  had  no  difficulty  in 
treating  and  purifying  the  sewage  mixed  with 
manufacturing  refuse? — No,  there  has  been  no 
diiiuculty  with  that  in  Manchester  at  all,  and  of  course 
the  sewace  of  Manchester  contains  effluents  from  dye- 
works  and  from  tar-works,  and  a  great  vuriety  of  worka 
of  that  kind. 

10089.  Do  you  consider  that  crude  sewage  should  be 
treated  on  contact  beds  without  previous  sedimenta- 
tion ? — ^It  seems  to  me  highly  undesirable  that  it  should 
be  done,  because  it  must  lead  to  the  blocking  up  of  the 
beds. 

10090.  (Chairman.)  Did  I  understand  you  correctly,, 
and  do  you  think  that  senrage  can  be  purified  just  as 
well  by  artificial  means  as  it  can  by  land  treatment? — 
Yes,  that  is  my  opinion. 

10091.  Then  it  really  comes  in  the  end  to  a  question 
of  cost? — ^Yes,  I  believe  that  to  be  the  case. 

10092.  Have  you  calculated  at  all  in  connection  with, 
the  prevention  of  sludge?  What  the  proportion  of 
prevention  comes  to? — ^With  the  septic  tank? 

10093.  Yes  ? — No  ;  I  could  not  give  you  any  exact 
figures  on  that  subject. 

10094.  Then  may  I  ask  you  to  give  us  your  definition 
of  the  difference  between  broad  irrigation  and  inter- 
mittent downward  filtration? — ^Well,  I  suppose  that 
one  really  passes  imperceptibly  into  the  other,  but 
in  the  case  of  intermittent  downward  filtration  tiie  pro- 
cess of  giving  the  land  rest  is  carried  on  in  a  more 
systematic  manner.  The  sewage  is  put  so  many  hours' 
on  to  the  particular  plot  of  land,  uid  that  pazticular 
plot  of  land  is  then  left  at  rest  for  a  definite  period  of 
time ;  and  the  underdraining,  I  take  it^  of  the  land  in 
question,  must  be  much  more  carefully  carried  out  than 
in  the  case  of  broad  irrigation. 

10095.  But  there  is  no  distinction  in  principle 
between  them  ? — No ;    I  think  none  whatever. 

10096.  (Professor  Bamsay,)  There  is  one  other  qnes* 
tion  arising  out  of  one  of  your  answers.  You  said  that 
certain  trade  effluents  should  not  be  allowed  to  go  into 
the  sewers  ;  can  you  specify  what  ? — ^Well,  such  things,, 
for  instance,  as  coal-tar,  and  anything  which  is  prac- 
tically indestructible. 

10097.  Or  antiseptic? — ^And  antiseptic. 

10093.  For  instance,  iron  "  pickle  "  ?— Well,  I  do  not 
think  it  would  be  quite  fair  to  prohibit  a  substance 
eimply  because  it  was  antdaeptic,  because  if  specially 
diluted  it  might  not  have  any  antiseptic  action  at  alL 
Ihat  is  the  case  with  ''pickle,''  sufficiently  diluted, 
mixed  with  otherwise  alkaline  sewage,  it  probably 
would  not  do  any  harm  at  all,  and  possibly  may  do 
good. 

10099.  What  about  equally  poisonous  tubstancea 
sucli  as  lead  compounds  and  matters  of  that  kind  ;  do 
you  think  restrictive  measures  should  be  tiJcen  aa 
regards  those? — ^Well,  I  think  on  theoretical  grounds, 
certainly.  I  do  not  know  if  it  could  bo  rigorously 
enforced. 

10100.  (Professor  Boyce.)  I  gather  from  your  Dee 
observations  that  you  lay  considerable  stress  upon  tbe^ 
bacteriological  test?— Yes,  I  do. 

10101.  That  in  that,  particular  case  you  could  not 
have  discovered  sewage  pollution  wdthout  it? — ^No.  the 
chemical  analysis  of  the  water  did  not  indicate  any 
sewage  pollution  at  all. 

10102.  You  would  therefore  favour  a  bacteriological 
test  in  those  cases  where  effluents  went  into  drinking 
streams? — ^Yes,  certainly. 

10103.  Would  you  take  the  bacillus  coli  as  evidence 


MINUTES  OF  EYIDSNGi; 


537 


of  sewage  pollution  or  surface  pollution  ? — Contact  with 
the  surface  of  the  land,  I  should  say,  but  I  do  not  think 
it  can  be  re^^azded  as  proof  of  sewage  contamination. 

10104.  Why  do  you  not  think  it  can  bo  legaided  as 
proof  of  sewage  contamination  ? — ^Because  I  do  not  think 
it  has  been  shown  that  water  which  comes  from  any 
ordinary  soil  is  free  from  the  bacillus  ccli. 

10105.  Have  you  yourself  examined  moorland  streams 
to  ascertain  whether  moorland  streams  are  free  from 
the  bacillus  ooli  ? — ^I  have  found  them.  The  refuse  of 
other  animals  contains  bacillus  coli. 

10106.  Tesy  bu^  practically  speaking,  would  you  say 
that  moorland  streams  contain  the  bacillus  coli? — 
Tes  ;  I  have  found  them  in  euch  streams. 

10107.  Would  you  take  them  as  evidence  of  sewage 
pollution? — Well,  I  do  not  know  that  there  is  any 
specific  test  of  a  bacteriological  character.  Of  course, 
if  the  water  does  not  contain  bacillus  coli,  so  much  the 
better ;  but  if  it  does,  I  do  not  think  you  can  say 
definitely  it  has  been  polluted  with  sewage. 

10108.  For  instance,  if  you  found  a  small  number  of 
bacillus  .coli  and  a  large  number  of  bacillus  coli,  would 
you  not  think  the  finding  a  large  number  of  bacillus 
coli  was  presumptive  evidence  of  sewage  pollution  ? — ^I 
should  be  more  inclined  to  look  with  suspicion  on  the 
water,  of  course,  the  larger  the  ntunber  of  bacillus  ooli. 

10100.  Then  you  woiild  not  rely  on  a  baoteriologlcal 
test  as  evidence  alone  of  sewage  pollution? — ^No;  I 
think  that  the  bacteriological  and  chemical  should 
be  taken  in  conjunction  wiui  the  surroundings,  and  the 
souzi'e  should  be  carefully  considered  also. 

10110.  In  the  case  of  effluents  going  into  a  stream 
that  is  likely  to  be  drunk,  would  you  be  inclined  to  lay 
down  a  rigorous  standard — bacteriological  standard— 
for  the  purity  of  the  effluent,  or  womd  you  make  it 
dependent  upon  the  size  of  the  stream  and  other  cir- 
cumstances?— ^Well,  I  think  that  theoretically,  of 
course,  we  should  like  to  see  the  effluent  sterilised  or 
deprived  of  any  possibility  of  containing  sewage  bac- 
teria. If  there  are  any  sewage  bacteria  left  there  mav 
be  pathogenic  bacteria  with  tiiem,  but  I  do  not  think 
that  eotperienee  shows  that  this  is  really  of  very  great 
importamce,  because  there  is  no  evidence  that  properly 
filtered  drinking  water  is  capable  of  communicating 
lymotic  disease. 

10111.  Betuming  to  those  Dee  experiments,  did  you 
examine  the  mud  of  the  banks  of  the  Dee  and  the 
river  at  all  ? — ^No,  only  the  water  itself. 

10112.  You  would,  I  supnose,  expect  a  large  increase 
ai  bacteria  in  the  mud  ana  in  the  bed  of  the  river? — 
If  polluted. 

10113.  In  case  of  pollution  ? — Oh,  yes,  certainly. 

10114.  Do  you  think  ^at  that  constitutes  an  increas- 
ing element  of  danger? — ^No,  I  am  not  prepared  to  say 
that  it  does,  because  I  think  that  in  this  mud  thero 
would  be  a  competition  between  pathogenic  and 
non-pathogenic  bacteria^  probably  to  tne  detriment  of 
the  pathogenic. 

10115.  You  have  not  perhaps  yourself  made  observa- 
tions on  that  point? — ^Not  in  mud.  Of  course,  I  have 
in  the  case  of  putting  pathogenic  organisms  into 
ordinary  drinking  water. 

10116.  I  am  aware  of  those  experiments,  but  you 
would  not  be  surprised  to  find,  in  the  case  of  the 
river  Dee  just  below  the  source  of  pollution,  that  the 
mud  contained  a  larger  proportion  of  bacillus  ooli  than 
the  water? — ^Yes,  that  might  be  so. 

10117.  There  might,  would  it  not,  be  evidence  of 
accumulation  of  bacillus  coli? — ^Yes,  it  would. 

10118.  Now,  in  the  case  of  Manchester  you  said  that 
practically  speaking  it  did  not  matter  whether  the 
bacillus  ooli,  %nd  I  take  it  pathogenic  organisms,  got 
into  the  effluent  and  passed  into  &e  Manchester  Ship 
Canal  ? — ^No,  I  do  not  think  it  of  much  importanra 

10110.  Well,  what  do  you  think  would  take  place  in 
the  sludge?  Do  you  tmnk  that  if  you  exsmined  the 
sludge  thera  would  be  a  large  increase  of  bacillus  coli 
in  the  sludge  just  like  in  the  case  of  the  Dee  ? — ^I  think 
that  they  would  accumulate  in  the  sludge  to  begin  with, 
but  they  would  probably  be  destroys  in  the  sludge 
through  the  competition  with  the  anafirobic  septic 
bacteria  which  were  there  also  and  flourishing  abun- 
dantly in  that  medium.  « 

10120.  Yes,  but  just  as  in  the  case  of  the  Dee  if  you 
made  an  examination  now  and  took  some  of  that  sludge* 
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you  would  not  be  surprised  to  find  that  the  sludge    Br,  />.  f. 
contained  a  larger  numoer  of  the  bacillus  coU  than  the  J'^fant^tutt, 
water  of  the  canal.  ^•*-*'' 

10121.  I  am  giving  you  a  littie  instance:    in  the^^^^^ 
Dee  you  were  not  surprised  that  t£e  mud  contained  a 

larger  number  of  bacillus  ooli  than  the  flowing  stream  ? 
— ^I  did  not  examine  the  mud  ;  it  is  a  supposition  all 
through  as  far  as  I  am  concerned. 

10122.  But  you  would  not  be  surprised  in  the  case 
'■  of  ther  Doe  ?— No ;  I  should  not. 

10123.  I  take  it  you  would  not  be  surprised  in  the 
case  of  the  Manchester  Ship  Canal  ?— That  it  should 
contain  some? 

10124.  Yes  ?— No  ;  I  should  not. 

10125.  Well,  do  you  regard  that  at  all  as  constituting 
a  practical  danger  ?— No,  I  do  not  see  much  danger  in 
it* 

10126.  Do  you  think  that  practically  speaking 
Uiera  is  any  danger  of  the  sludge  being  carried 
down  say  into  the  estuary  of  the  Mersey  and  getting 
along  the  foreshore  and  constituting  a  source  of  danger  ? 
— ^I  think  such  a  chance  is  extrem^y  remote ;  I  do  not 
think  there  is  any  evidence  of  mischief. 

10127.  Do  you  think  there  is  a  possibility  of  con- 
tagion being  spread  by  the  sludge  being  gradually 
carried  down,  for  you  know  sludge  is  carried  into  the 
estuary  ?— Yes,  certainly.  No ;  I  do  not  think  there 
IS  any  practical  possibility  of  any  danger  arising  in 
that  way.  If  there  was  any  such  danger  surely  the 
mouth  of  the  Thames  ought  to  have  been  a  source  of 
contagion  for  years.  I  do  not  think  there  is  any 
evidence  of  the  kind. 

10128.  Professor  Ramsay  asked  you  about  standards, 
whether  you  had  a  bacteriological  standard  for  drink- 
ing watf)r?--He  asked  about  a  chemical  standard. 

10129.  Have  you  got  a  bacteriological  standard  for 
dnnkmg  water?— No.  If  you  take  any  ordinary  sur- 
face water  I  think  the  application  of  any  stendard  is 
quite  out  of  the  Question,  but  after  water  has  passed 
through  any  purification  process,  and  the  puri&ation 
process  is  efficient  the  water  ought  to  be  nearly  sterile. 

10130.  Well  then  what- standard  would  you  adopt 
in  the  case  of  a  filtered  water  ?  What  have  you  adopted 
m  the  course  of  your  practice  ?— The  nearer  the  water 
approaches  to  sterility  the  more  satisfied  I  am  with 
the  process. 

10131.  How  have  you  managed  that?— By  the  num- 
ber  of  bacteria  which  is  calculable  in  a  given  volume. 

10132.  Have  you  limited  yourself  to  a  particular 
specie  of  bacteria,  or  certain  species  being  present  in 
one  cubic  centimetre  ?— I  took  the  hundred  per  cubio 
centimetre  for  a  rough  test.  Indiscriminately  applied 
it  is  capable  of  doing  a  great  deal  of  mischief. 

10133.  Why  do  you  think  it  is  capable  of  doing  a. 
great  deal  of  mischief  ?— Because  it  may  lead  to  a  sus- 
picion where  no  suspicion  is  needed  at  all ;  and  what 
18  more  important  the  water  must  be  examined  imme- 
diately it  oomes  from  the  purifying  process,  which  is 
very  often  not  done. 

10134.  But  granted  all  that  you  think  it  is  really 
misleading,  the  estimation  of  numbers  in  drinking 
water?— It  may  be  very  misleading— yes. 

10135.  It  may  be  very  misleading  ?— Tes. 

10136.  In  other  words  you  are  very  dear  that  th» 
sources  of  the  water  must  be  known?— When  I  say 
misleading  it  is  on  the  hi^^er  standard  that  th» 
liability  to  fallacy  oomes  in.  These  bacteria  which 
are  found  in  the  effluent  from  a  filter  may  be  derived 
from  the  lower  strata  of  the  filter  itself  and  not  havo 
anything  to  do  with  the  original  bacteria  in  the  water. 

10136*.  I  understand  what  you  mean  ?— The  bacteria 
detached  from  the  lower  parts  of  the  filter  which  may 
occasionally  increase  in  number  and  which  do  not 
indicate  that  the  filter  is  operating  inefficiently  at  a!!. 

10137.  Would  you  lay  any  stress  on  the  presenoe  uf 
the  bacillus  ooli  m  such  drinking  waten  ?— I  would  lay 
stress  on  it  insomuch  that  I  prefer  a  water  not  to  con- 
tain it. 

1013&  For  what  reason  do  you  do  that?^Because 
here  is  a  definite  species  of  bacterium  which  must  have 
been  in  the  water  originally  and  it  has  not  been  re- 
moved in  the  process.  Bacillus  coli  does  not  multiply 
in  the  water  so  that  it  cannot  become  detached  from 
the  lower  parts  of  the  filter  because  it  could  not  be  in 
the  lower  parts  of  the  filter,  it  could  only  have  got  into 
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Dr.  T'  F.  the  lower  parts  of  the  filter  through  piMMig?  from  the 
'^f'r?'^  upper  parts. 

-«*r~;««,       10139.  But  you  have  said  that  the  bacillus  coli  was 
»  M^rwoi.  ^. j^y  distributed  (see  Questions  10104  and  10106].      I 
do  not  think  I  follow  the  answer  ? — ^It  is  widely  aistri- 
buted  over  the  surface  of  the  land — ^yes. 

10140.  But  I  do  not  see  quUe  that  under  these  «ir« 
cmmetanceB  you  lay  any  stress  upon  it  appearing  in  the 
filtrate  ?—Te8,  becaase  here  i*  a  distinct  organism 
which  has  not  been  removed  in  the  process,  which  was 
in.  Ihe  wiater  to  begin  with,  and  which  has  passed  the 
filters.  Now  many  of  these  other  organisms  can  mul- 
tiply in  the  body  of  the  filter  or  in  the  filtered  water 
itself  wdth  great  rapidiiy,  but  there  is  no  evidence  thai 
the  bacillus  coli  can  do  that. 

10141.  You  have  made  no  observations  on  the  patho- 
genicity of  the  bacillus  coli  ? — No  observations. 

10142.  Have  you  made  any  observation^  on  the  bacil- 
lus enteritidis  7--I  examine  for  them  in  drinking  water. 

10143.  And  do  you  put  it  on  the  same  level  as  the 
bacillus  coli  ? — ^Yes ;  I  prefer  to  see  it  absent. 

10144.  But  apart  from  that,  apart  from  preferring  to 
see  it  absent,  you  do  not  lay  much  stress  on  it  ? — ^I  do 
not  think  the  evidence  is  sufficient  yet  to  be  able  to  say 


that  the  water  which  contains  that  ought  to  be  con- 
demned. 

10145.  1  would  much  like  to  ask,  in  ike  case  of  the 
River  Thames,  whether  you  could  tell  us  whether  you 
found  the  bacillus  coli  in  one  cubic  centimetre,  because 
it  is  rather  important.  Do  you  find  bacillus  coli  in  the 
Thames  water  f*^I  have  not  examined  the  Thames  water 
for  colL 

10146.  Do  you  think  from  your  experience  that  it 
would  be  advisable  to  sterilise  the  effluent  from  omtact 
beds  or  similar  methods  of  sewage  treatment  if  the 
sewage  came  from  a  fever  hospital  with  a  laxge  number 
of  typhoid  fever  patients,  and  if  the  effluent  had  a 
chance  of  getting  into  a  stream  used  for  drinking  pur- 
poses?— ^Well,  I  think  it  would  be  distinctly  reassuring 
if  it  were  sterilised. 

10147.  I  mean  is  that  a  case  where  you  think  that 
sterilisation  would  be  of  practical  utility  I— Where  you 
had  the  i^uent  simply  from  this  hospital  ? 

10148.  Yes?— Oh,  I  should  think  certainly  it  would 
be  of  utility. 

10149.  You  have  made  no  observations  on  the  bacil- 
lus typhosus  in  effluents,  I  suppose  ? — ^No,  only  in 
drinking  water. 

10150.  And  you  have  not  found  it  or  have  you  found 
it  Y— 'No,  I  have  never  found  it. 


Dr.   John  Atjgtjstus  Voblckbh,    Consulting   Chemist   to    the  Boyal  Agricultural  Society,   called  in;   and 

Examined. 


10151.  (ChairTnan,)  Is  it  from  the  point  of  view  of 
vdodt^'.    U)  agricultural  chemist  that  you  have  come  to  speak 

—       to  us? — It  is 

10152.  Would  you  tell  us  generaJly  what  sort  of  work 
you  have  done  /—-The  work .  that  I  have  had  to  do 
principally  has  been  that  of  advising  with  regard  to 
soils  and  thedr  suitability  for  the  purposes  of  sewage 
farms.  Then  I  have  had  to  report  upon  the  working  of 
sewage  farms  from  the  agricultural  point  .of  view,  and 
also  with  regard  to  the  efficiency  of  the  filtratiim  apd 
purification  of  sewage.  I  have  also  had,  not  in  my 
agricultural  connection,  but  in  my  private  work,  to 
examine  into  different  systems  that  have  been  used 
for  the  purification  of  sewage  on  sewage  farms. 

10153.  You  mean  different  artificial  systems  ^Yes ; 
different  artificial  systems. 

10154.  With  regard  to  sewage  farms,  I  suppose  you 
have  a  tolerably  wide  experience? — I  have  a  ver? 
wide   experience. 

10155.  Could  you  mention  the  names  of  any. places? 
r— I  have  vi&Itedi  at  different  times  lor  the  purposes 
of  inspection  the  following  places,  viz. : — Manchester, 
Birmingham,  Wolverhampton,  Preston,  Norwich. 
Beading,  Guildford,  Godalming,  Southall,  Nuneaton, 
Wimbledon,  Walthamstow,  Etlenbridge,  Itesborough 
and  other  towns  in  Northamptonshire,  in  addition  to 
a  number  of  small  villages — quite  local  matters..   . 

10156-7.  Have  all  these  places  got  sewage  farms*—' 
lEvery  one  that  I  have  mentioned  has  a  sewage  farm.. 

lOlSa  Then  in  regard  to  artificial  filtration;  have 
you  studied  afoy  on  a  big  scale? — I  could  not  say.  tiuvt 
I  have  on  a  big  scale,  with  the  object  of  comparing 
different  systems.  I  have  not  had  a  great  expenence 
in    that   respect.  •  '    ' 

10150.  Have  you  had  any  experience  in  com|)arihg 
sewage  farms  wiih  artifioul  filtration? — ^You  mean,  I  take 
it,  apart  from  the  u^  of  the  sewage   on  the   land   as 

irell?. 

10160.  Well,  the  point  I  want  ultimately  to 
get  at  is  whether  you  think  as  good  an  effiuent  can 
he  ]»oduced  by  artificial  fikmtibn  as  by  land  tr^atoient,? 
--*I  have  a  very  decoded  opinion  upon  that  point.  :  From 
what  I  have  seen  of,  ana  had  to  do  with,  purely  arti^ 
fit^l  systems,  I  should  not  be  satisfied  with  them  unless 
there  was  land  treatment  in  addition.  Of  course,  that 
wo^ld  imply  a  cer'tain  amount  of  fanning. 

10161.  You  would  not  be  satisfied  with  artificiiQ  Ultra; 
tion  alon3  ? — ^No. 

10168.  Do  you  consider  that  you  have  examined 
enough  instances  of  artificial  filtration  to  give  a  positite 
opinion  to  that  effect? — I  should  not  like  to  speaJk 
positively  at  the  present  time,  considering,  of  course, 
that  there  are  many  new  systems.  I  would  not  like  tP 
give  too  definite  an  opinion  upon  that  point  at  present. 


I  would  rather  put  it  generally,  that,  having  already  had 
considerable  experience  in  examining  from  a  chemical 
point  of  view  the  effluents  produced  by  purely  artificial 
systems  I  am  not  as  yet  thoroughly  satisfied  as  to  their 
efficiency,  or  as  to  the  satisfactoriness  of  their  constant 
regular  working.  So  that,  as  at  present  disposed,  I 
should  say  that  I  am  not  prepared  to  adopt  any  system 
that  I  have  seen  yet,  without  the  addition  of  land  treat- 
ment to  some  extent.  I  am  perfectly  prepared  to  say» 
however,  that  some  of  the  more  recent  artificial  systems 
which  have  been  introduced  would  enable  a  very  much 
smaller  area  of  land  to  be  taken  up  than  was  the  case 
in  the  earlier  days  of  sewage  farms.  I  do  not  know 
whether  I  have  expressed  my  views  plainly  ? 

10163.  Oh,  yes,  but  if  you  wou],d  not  mind  giving  us  a 
general  statement  of  your  views  I  think  we  shoiud  be 
very  mudh  obliged  to  you  7 — If  I  may  put  it  first  frcon  an 
agricultural  point  of  view,  I  am  disposed  to  consider  the 
profitable  ^nivployment  of  sewage  materials,  whether 
solid  or  liquid,  in  this  country  as  necessarily  an  item  4d 
considerable  expenditure.  In  other  words,  I  regard 
sewage  as  a  nuisance  which  has  to  be  got  rid  of,  and  the 
point  is  at  what  leaet  cost  can  it  be  got  rid  of.  I  have 
had  to  do  with  many  different  systems  for  years  past, 
which  have  had  the  object  of  producing  either  a 
rich  effluent  or  of  removing  the  solid  consfitaeciU 
and  employing  them  in  uia  form  of  sludge.  I 
should  be  disposed  to  regard  one  and  all  of  these, 
financially,  as  failureii,  and  merely  as  items  by 
which  the  cost  could  be  somewhat  reduced*  in 
,brief,  I  should  not  consider  that  there  wae  any  sya- 
temi  of  utilising  either  the  solid  or  the  liquid  portions 
which  were  likely  to  be  in  any  way. a  financial  success  or 
an  agricultural  success,  wi^  the  single  exception  of 
'the  utilisation  direct  of  the  undiluted'  sewage.  From 
my  experience  in  some  parts  of  England,  and  from  my 
experience  in  India,  I  should  say  that  if  it  were  possible 
to  use  night-soil  direct  and  put  it  on  the  land,  that  is 
ihet>nly  system  which  has  any  chance  of  being  a  benefit. 
In  India  it  is  an  enormous  benefit.  -It  is  very  little  ex- 
aggeration indeed  to  say  that  you  might  trace  tibs'  best 
agriculture  by  the  distribution  of  the  night-soil.  Where 
night-soil- is  used,  there  are  the  best  agriculture  and  th«» 
best  class  of  cultivators.  The  only  approach  on  a  large 
scale  th^t  I  have  seen  to  thai  in  th£»  country,  is  the 
effort  made  to  use  ihe  night-^oil  of  one  portion  of  the 
City  of  Manchester,  as  was  .done,  .and,  I  think,  is  still 
beinff  done,  at  Carrington  .  ^pss.  I  do  not. know 
whether  that  has  been  before  yoi^  my  lord. 

10164.  Yes. — I  mention  that,  because  agriculturally 
that  was  a  success — a  brilliant  success.  Apart  from 
that  instance  of  the  woi^cixig  in  a  large  city,  in  my  view 
the  only  instances  in  which  night-soil  could  be  used 
direct  wx>uld  be  en  small  villages  where  vou  could  use 
the  earth-closet  system.  I  have  seen. that  in  many 
villages,  ohieAy  in  Buckinghamshire,  but  also  in  dif- 
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fereni  parta  of  the  oouiufary.    If  you  could  get  the  people 
to  use  earth-closets,  I  believe  tlien  that  tAe  nignt-soil 
could  be  used  to  agricultural  benefit,  and  with  a  mini- 
mum of  nuisance    But  with  these  exceptions  I  think 
one  must  regard  any  prospect  of  the  utilization  of 
sewage  profitably  in  an  i^ricultural  direction  as  almost 
hopeless.    It  comes,  I  think,  to  a  mere  reduction  in  the 
neeoccary  outlay.    HW  far  that  reduotion  will  go  must 
depend  upon  two  main  factors — ^firat,   the  nature  of 
the  sewage  that  has  to  be  dealt  with,  and,  secondly^ 
the  kind  of  land  and  the  working  of  the  farm  upon 
which  it  is  put.    Speaking  generally,  I  believe  Uiat 
sewage  farms,  from  an  agncultfaral  point  of  view,  may 
be  carried  out  in  such  a  way  as  to  bring  in  considerable 
returns,  looking  at  it,  of  oourse,  as  I  said,  in  the  way 
of  a  small  reduction  of  expense.    I  also  i)elieTe  that 
that  oould  be  dcme  as  well  on  sewage  farms,  where  land 
and    situation    are    suitable,    in    such    a    way    as    to 
give  a  perfectly  good  effluent,  and  cause  practically  no 
nuisance  whatever.       But  a  further  limit  to  this  is 
the  nature  of  the  sewage  with  which  you  are  going  to 
deal.    As  I  said  just  now,  I  think  the  days  of  utilisinfl 
ni^t#oil  are  jn^acAioally  gone,  except    in   small   vil- 
lages,   and  for  the  advantages  of  having  everything 
tak^i  away  from  our  houses  as  soon  as  possible  we  must 
resign  ourselyes  to  the  water  carriage  system,  and  face 
the  natural  loss  whdch  must  be  ooinoddent  with  that. 
Where  yon  haive  got  a  porely  domestic  sewage  and  a 
popu)lfltion  not  too  laige  in  number-^suoh,  for  instance, 
as  existo  in  many  rnriL  distriets-- 1  am  still  a  great  be- 
liever in  the  utilisatioa  of  the  sewage  in  its  natuni 
state  without  the  intervention  of  precipiitation  of  any 
kind,  which  means  a  laige  outlay  on  staff  and  works, 
and  difficulties  in  dealing  with  the  material,  whether 
liquid  or  solid.    I  still  think  that  the  simplest  wa^  in 
mamy  rural  diabdcts  is  to  take  the  sewage  as  carried 
down  the  main  sewers,  simply  to  strain  from  it  floating 
maitter,  such  as  oorks,  bits  of  wood,  and  other  materials 
which  come  down  with  it,  and  pour  it  straight  on  to 
the  land.    It  is  not  veij  material  to  my  mind  whether 
you  have  that  land  arable  land,  upon  which  cro]^  are 
growing  or  to  be  grown,  or  whether  you  hare  suitable 
grass-limd,  on  the  sk>pe  of  a  hill,  for  instance,  where 
you  can  pour  the  sewage  down,  and  let  it  be  distributed 
adl  about.    I  have  km>wn  many  instances  of  both  of 
these  kinds  of  disposal,  and  mere  in  rural  distriate 
you  have  a  populafaion  that  is  not  too  laige  to  deal 
with,  and  where  the  sewage  is  of  a  purely  domestio 
nature,  I  still  think  it  can  be  dealt  wath  in  that  way ; 
and  when  it  is  so  dealt  with  I  think  there  is  a  oon- 
sideraible  amount  of  good  that  can  be  produced  in  re. 
spect  of  the  crops  or  the  grass  which  will  be  grown  on 
^Jiat    land.      The    condition,    however,     for    success 
\%  that  the  soil  and  sitnation  should  be  of  suitable 
nature.    Perhaps  I  may  illustrate  this  best  by  giving; 
an  instance  of  one  farm,  where  such  has  been  done.    I 
would  instance  the  small  town  of  Desboroug^,  not  very 
far  from  Kettening,  in  Noithamptonshire,  which  farm  1 
went  to  inspect  in  my  professional  capsHOot^.    1  found 
there  a  farm  of  four  acr^  in  extent,    deadmg  wiUi   a 
]iopulatk)n  of  3,000  people,  and  dealing  with  it  in  a 
most   satisfactory  wv^y.    Tnere  was   no  jirecipitation. 
The  only  thing  that  was  done  was  to  strain  the  sewiage 
as  it  was  deltivered  on  the  farm  from  floating  mattera, 
to  pass  it  into  one  tank  which  ma^ht  be  oaUed  a  set- 
tling  tank,  firom  which  the  deposit  was  at  times  re- 
moved.   After  a  short  subsidence  there,   the   sewage 
was  ponred  down  over  the  land,  and,  as  I  say,  was 
most  efficiently  dealt  with.    The  whole  secret  there  was 
that  you  had  a  beautiful  piece  of  land  for  the  purpose. 
There  was  a  nice  rich  sandy  loam,  fully  four  feet  in 
depth,  rich  Nbrthamptxuishire  land.    I  had  oooasion  to 
make  analyses  of  the  sewage  and  of  the  ^uent.    The 
sewage  was  one  of  fasr  strength  for   purely   domestic 
sewage,  and  the  effluent  as  it  went  into  a  stream  at  the 
bottom  of  thei  sewage .  fiarm  was    very   well    purified 
indeed.    Some  statements  having  been  made  that  oatUe 
were  being  injured  by  didnking  the  water  of  tifis  brook 
into  which  the  sewage  was  passed,  I  had  occasion  to* ex- 
amine  the  stream  both  above  and  below  the  outfall, 
and  to  take  samples  from  the  outfall  itself.    I  have 
these  and  other,  analyses  before  me,  but  1  may  say  in 
a  word  that  the  worlmnff  of  &is  farm  was  excellent.    I 
hope  it  will  not  be  taken,  of  course,  that  I  am  ad- 
vocating  that  anything  like  3,000  people  can  be  dealt 
with  on  four  acres  of  land.    I  simply  give  that  as  an 
instance  of  wiiat  can  be  done  where  limd  is  suitable, 
and  where  the  farm  is,  as  was  the  case  here,  managed 
by  a  competent  n>an  who  knew  his  business.     If  you 
have  such  ooncBtions,  I  still  believe  that  you  may  ver^ 
easily  deal  watn  the  sewage  in  many  rural  disitricts  in 
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such   a   way   as  I   have   indicated.    An   instance   of    jh.J.A. 
another  kind  is  where  the  sewage  has  been  simply    Voeteher,,i 
poured  down  the  side  of  a  hiU  covered  with  grMB---«22MA7i«)i. 

grass  hill  wdth  a  stream  running  at  the  bottom  of  it.      

There,  the  sewage  will  flow  thro^iph  the  first  six  inches 
or  foot  of  the  land;  there  is  no  question  of  draf&age 
below ;  and,  passing  tiirough  the  land,  it  simply  flows 
continuously  down,   and  by  the  time  it  reaches  the 
stream,  if  the  land  be  in  any  way  suitable  for  the  pur- 
pose, you  may  get  very  excellent  punfioation,  and  you 
may  also  get  very  fair  returns  from  the  grass  that  is 
grown,  with  an  entire  absence  of  any   nuisance.      1 
have  had  oooasion  in  many  rural  districts  to  recommend 
this  to  be  dene.     The  fault  d  many  of  these  systems 
is  that  people  think  that  they  have  only  to  turn  tiis 
sewage  on  to  a  grass  field  and  leave  it  there,  regard- 
less of  whether  it  soaks  in,  or  whether  the  land  is  sub- 
ject to  water4ogspLng,  or  whether  the  stream  is  suitable, 
and  so  on.    It  is  not  to  be  supposed  for  a  moment  that 
you  can  turn  sewage  on  to  any  grass  fidld  anywhere, 
and  expect  it  to  find  its  way  through.    Therefore,  if  I 
may  sum  up  my  views  as  regards  the  sewage  of  rural 
distriots,  I  thiiik  that  wihere  the  population  is  not  too 
large,    where   the   sewage    is   of   a    purely    domestic 
character,   where  soil  and  situation  are  suitable,  the 
cheapest  way  is  still  to  turn  the  sewage  straight  on  to 
the  land  ;    in  other  words,  to  deal  with  it  by  broad 
irrigation.    That  may  be  done  at  very  small  oost,  and 
very   much    lees    expensivetly   than   by  going   to    any 
system  of  precipitation,  whitm,  in  my  opinion,  is  zeailly 
not  called  for  yet  in  rural  districts.    Tnen  you  come  td 
a  larger  class  when  you  deal  with  tiie  question  of  towns. 
In  towns  you  have  more  difficuHjr  in  procuring  land, 
and  very  often  you  have  to  deal  with  a  soil  that  is  not 
naturally  suitable,  you  have  to  take  the  soil  that  you- 
can  get.     That  is  the  real  difficulty  in  regard  to  sewage 
disposal  in  towns.    Leaving  out  for  the  moment  the 
complication  of  it  with  manufacturing  refuse,  you  have 
a  very  large  volume — a  very  much  larger  volume  to 
deal  with  than  you  have  in  rural  districts.    Therefore, 
I  think  you^must  adopt  some  system  of  settlement  and 
remove  the  solid  matters  before  you  turn  the  sewage  on 
to  the  land,  or,  as  an  alternative,  you  must  adopt  Botne 
system  of  precipitation.    Of  all  the  systems  of  preoipi* 
tation  I  still  think  the  simplest  one  is  that  of  lime 
precipitation.    I  have  had  to  deal  with  other  systems, 
in    whidi   sulpliate    of    alumina   and    other    chemi-. 
cals    have    been    used    in  •  conjunction    with    lime, 
and    although    there     may    ocx^asionally    be    cases, 
especially     where     manufaoturing    refuse    oomes     in, 
in  which  these  can  be  usefully  emploj^,  on  the  whole 
1  still  consider  that  the  simple  precipitation  with  lime 
is  th^  cheapest  and  the  most  easily  dealt  with.     Where 
yon  have  such  systems  I  should  certainly,  in  the  light 
of  what  has  come  U>  us  lately  in  the  way  of  knowledge, 
have,  combined  with  such  a  system  of  either  settlement 
or  precipitation,  filtration  through  coke-breeze  filters. 
'Ihese,  I  am  convinced,  do  a  great  deal  of  good.     Like 
all  filters,  much  depends  on  whether  or  not  they  are 
kept  in'  order.     I  have  examined  several  systems  of 
filtration,  and  in  many  cases  I  have  found  them  very 
'insatisfactory,  but  I  am  by  no  means  going  to  say  that 
it  is  the  fault  of  the  filter  itself.     It  is  very  often  due 
lather  to  the  way  in  which  the  filter  has  been  worked. 
^nt,   speaking  generally,  I  think  the  introduction  of 
coke-breeze  filters  has  very  much  simpl^ed  the  question 
of  filtration.    As  I  said,  too,  I  think  that  if  you  do 
have  any  of  these  systems   of   filtration,  or  bacterial 
methods,  as  they  are  now  called,  I  should  certainly 
like  to  see  them  supplemented  by  treatment  on  land 
subsequently.     That  leaves  the  last  class — ^the  towns 
and  cities — ^where  you  have  largely  to  deal  with  manu- 
facturing refuse.     There,  I  think,  the  problem  is  very 
murh  more  complicated,  and  it  is  equsdly  complicate4 
for  the  purely  ajrtificial  systems  as  it  is  for  the  purely 
natural  system  of  land  filtration.     The  great  difficulties 
wifh  regard  to  the  land  are  that  you  are  dealing  with 
materials  which  block  up  the  land  mechanically.     Toa 
are  dealing  with  materials  which  produce  a  scum  on 
the  top,  which  prevent  the  circulation  of  air  through! 
the  soil,  and  impair  the  efficiency  of  the  land  for  filtra^ 
tion  purposes.    The  sam)  elements  introduce  difficulties 
in  regard  to  the  efficient  workins  both  of  precipitation 
methods  and  of  filtration  methods,  even  through  coke- 
breeze  and  other  similar  filters.     I  think  you  must  take 
it  for  granted  that  where  you  are  dealing  with  manu- 
facturing refuse,  whether  you  employ  precipitation  or 
artificial  filtration,  you  must  be  prepared  to  use  a  larger 
amount  of  land  than  you  would  under  ordinary  circum* 
stances.     I  have  had  experience— I  will  not  trouble  you 
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now  with  details  unless  tfaey  are  desired  on*  any  parti- 

cular  point»—wliere  I  liave  had  to  deal  with  BMoiufac- 

VMtjisoi.  taring  refuse  in  connection  with  sewage  in  the  case  of 
several  different  kinds  of  works  throughout  the  country, 
and  upon  which  I  would  give  any  intormation  that  was 
in  my  power.     I  think  the  only  thing  further  I  have  to 
say  is  with  regard  to  the  crops  that  might  be  grown 
where  land  filtration  is  used.    The  range  naturally  is  a 
limited  one.     The  great  thing  is  to  grow  crops  which 
are  of  a  succulent  nature.     The  utilisation  of  theso 
crops,  again,  is  another  question.     The  great  use  of 
rye  grass  and  Italian  rye  grass  is,  of  course,  to  give 
green  fodder  in  springtime  and  on  throughout  the 
summer  and  the  hotter  period.    One  of  the  most  pro- 
fitable crops  is  mangel,  and  sewage  farms  such  aa  those 
at  Reading,  Norwich,  and  other  places  show  very  well 
what     can     be     grown     in     the    way     of     growing 
mangels.     They    grow    very    fine    specimens.     I    am 
not    goinff    to    say    that    they    are    always    of    the 
best    quality,    but,    judged    by    size,    at    all  events, 
they    are   fine   specimens,    and    where   a    farm    can 
aell  them  by  weight  they  may  very  comtiderably  reduce 
the  expenditure  on  a  sewage  farm.     The  growing  of 
vegetables  can  also  be  carried  out  very  largely.     Cab- 
bages are  rather  a  favourite  crop,  and  carrots  I  have 
seen  grown,  and  many  of  the  ordinary  crops  of  a  farm, 
•uch  as  potatoes,  wheat,  and  oats,  can  be  grown.  With 
regard  to  these  last  mentioned,  of  course,  I  must  put 
the  reeervation  on  them  that  they  are  not  grown  on  the 
land  on  which  the  sewage  is  actually  being  poured.    A 
very  frequent  practice  is  to  have  the  sewage  going  on 
one-half  of  the  land  one  year  or  one  season,  tne  <^her 
half  being  left  dry.    At  Norwich,  for  instance — I  have 
been  over  the  farm  there  several  times — ^the  general 
system  is  to  grow  maneels  where  the  sewage  is  actually 
being  poured  on,   and    the    other   half   of   the   land 
is    grown    in    oats.     The    oats    are    cut,    and    after 
harvest    the    sewage    is    turned    direct    on    to    the 
oat    stubble.      It    is  poured    on    all    through    the 
winter,    so    that    in    uie    spring    the    land    is  ready 
to  receive  its  mangel  crop,  and  the  other  Jialf  grows 
oats.     I  do  not  think  myself  that  there  is  any  very 
particular  point  with  regard  to  the  growing  of  one  crop 
rather  than  another  on  a  sewage  farm.     It  is  rather  a 
matter  of  management.     Where  you  have  a  good  agri- 
culturist in  cha^e  of  the  farm,  he  will  see  to  it  that 
the  crops  are  grown  which  are  best  suited.  Thegreisonly 
one  matter  further  with  regard  to  the  cropping  of  a 
farm  to  which  I  wish  to  refer,  and  that  is  a  rather 
unique  case,  which  has  always  been  somewhat  of  a 
wonderment  to  me — ^I  refer  to  the  case  of  the  Norwich 
sewage  farm.     The  sewage  of  Norwich  is  pumped  up 
from  tiie  city  to  the  top  of  a  hill,  and  is  poured  down 
over  acres  of  grass.     Open  channels  are  cut,  and  the 
sewage  flows  perfectly  open  in  them.    Feeding  all  over 
the  sewage  farm  are  cattle—cows,  the  milk  of  which 
goes  into  Norwich.     How  it  is  that  the  cattle  never  get 
ill  haa  never  been  exactly  settled,  but  the  fact  remains 
that  there  is  no  trouble  whatever  with  them.    I  know 
that  on  the  visit  of  the  British  Dairy  Farmers'  Aasocia- 
tion  to  Norwit^  the  members  were  all  very  much  horri- 
fied at  such  a  thing  as  this  going  on,  that  the  sewage  of 
Norwich  should  be  open  to  the  cows  which  were  supply- 
ing milk  to  the  whole  town.    But  I  am  glad  to  say  that 
there  has  been  no  case  of  illness  either  of  the  cattle  or 
in  the  town  through  the  utilisation  ol  the  sewage  direct 
on  the  land  in  this  way. 

10166.  You  have  never  known  a  case  of  a  cow  or  of 
any  animal  falling  ill  through  feeding  on  a  sewage 
farm  ? — Oh,  yes,  when  feeding  on  a  sewage  farm. 

10166.  As  a  result  of  feeding  on  a  sewage  farmf — 
No,  I  could  not  say  that 

10167.  Or  of  drinking  water  contaminated  by  the 
aewase  ? — ^Yes,  I  have  had  cases  of  that.  Oh,  yes  ;  I 
haye  nad  many  cases.  I  have  had  many  cases  in  which 
I  could  speak  of  cattle  having  been  injured  through 
drinking  water  into  which  sewage  ^uent  has  passed. 

10168.  Then  if  cattle  drank  of  the  stream  into  which 
the  effluent  from  your  sewage  farm  goes,  if  that  effluent 
is  not  a  good  one,  there  would  be  danger,  I  suppose  ? — 
1  certainly  think  it  is  a  source  of  danger. 

10169.  And  would  you  say  that  for  the  successful 
management  of  sewage  farming  you  must  have  an  expert 
to  manage  the  farm  ? — ^An  expert  7 

10170.  Yes.  As  I  gather  it,  your  view  would  be  that 
a  eewage  farm  must  be  managed,  not  with  a  view  to  the 
profit  that  can  be  made  out  of  it,  but  with  a  view  to 
treating  the  sewage  properly? — Yes,  certainly. 


10171*  Well,  then,  in  order  to  treat  sewage  properly, 
you  must  have  a  man  who  properly  understands  it  7 — 
I  certainly  think  that.  Except,  of  course,  in  rural  dis- 
tricts, where  you  put  the  sewage  direct  on  to  the  land. 
There  I  do  not  think  it  would  be  necessary.  I  should 
make  that  distinction. 

10172.  Yes  ? — ^Where  you  have  a  small  rural  district 
and  are  simply  dealine  with  the  sewage  direct  on  the 
land — ^what  you  want  there  is  more  a  good  agriculturist 
than  anything  else — a  man  who  is  up  in  his  agriculture^ 
and  who  knows  something  about  tne  drainage  of  the 
land.  But  as  soon  as  you  get  to  towns  of  any  size,  I 
think  the  employment  of  an  expert  is  an  absolute  necea- 
siiy.  As  regards  the  failure  of  many  sewage  farms — ^I 
could  give  instances  of  it— of  course,  in  some  cases  it 
is  due  to  their  having  been  laid  out  wrongly,  but  in  most 
cases  it  has  been  due  to  the  improper  management  of 
the  farma  by  the  men  who  have  been  in  charge  of  theni. 

10173.  Then  do  you  confer  that  all  kinds  of  b(m1  can 
be  used  lor  sewage  farms? — Certainly  not.    I  do  not 
tftidnk  that  all  kiwin  of  soil  can  be  used  for  sewajge  farms, 
but  the  difference  I  consider  <to  ibe  more  a  question  of  the 
area  that  you  would  require   and  the  system  that  you 
would  adlopt  on  that  land— whether  underdraamnff  it  or 
not—than  an^hin|^  eke.     For  inittanoe,  if  you  have  a 
light  sandy  soil,  without  any  "  substance"  in  it,  almost 
a  sand,  you  may  get  sewage  running  through  it,  and  you 
may  get  it  tnecfauucailfy  arreting  oome  of  the  materUs, 
but  you  may  get  a  very  smaU  ttnount  of  puiafiDation.     On 
the  other  hand,  if  you  get  a  more  loamy  soil,  you  will 
have  there  a  very  miKh  better  suiface  on  which  to  work. 
I  have  a  very  good  example,  if  I  might  illustrate  the 
point  by  the  instance  ol  the  Preston  Scmge  Farm.  That 
farm  was  originally  a  very  light  sandy  land,  and  the 
difficulty  with  it  was  to  get  any  **  substance "  into  the 
f>and.    At  first  it  did  not  act  very  well,  but  it  was  found 
that  by  running  the  sewage  into  a  sort  of  settling  tank 
and  then  taking  the  solid  material  out  of  the  tank  and 
digging  it  into  the  land,  they  then  got  a  very  much 
better  filtering  medium  than  before.     The  sewage  farm 
was  moro  efficient  as  a  filtering  and  purifying  medium 
after  the  sewage  had  been,  dug  in  than  it  was  in  its 
original  condition.       In  other  words,    soil   had  been 
formed.       Where,   however,    you   have  a   nice,    rich, 
deep    loaro,     not     too    light    and    not    too    heavy, 
there    you    have,    in    my    opinion,    the    ideal    con-, 
ditions/    On  either  side  of  that  you  go   to   extremes. 
You  may  have  land  which  is  peaty — ^very  unsiutabls  in- 
deed.   Then  on  the  opposite    side  you  may  have   land 
whiidi>  is  ckyey — eauadly  unsui^fable.*  Clay,  of  course,  is 
open  to  the  great  objection  that  Jn  hot  weather  it  cncks. 
If  you  drain  it  underneath  you  will  get  the  sewage  run- 
ning straight  down  to  the  drain  without  going  through 
tlic  land  i£  all.    But  I  think  that  all  lands  are  capable, 
more  or  less,  of  effecting  verr  ccmsiderBible  purification 
if  they  can  be  mechanically  adapted  to  it  by  proper  cul- 
tivation and  so  forth.   After  all,  the  purification  goes  on 
not  in  the  lower  layers,  but  in  the  upper  layers,  and  if  you 
can  b^  cultivation  get  your  soil  to  act  as  a  filter,  and  as 
a  purifying  medium,  I  think  that  even  on  a  soil  that  you 
would  cot  taOce  by  choice  you  can  effect  a  very  great  im- 
provement, but  you  may  have  to  use  a  much  larger  area 
of  land. 

10174.  (Major-Genercd  Carey.)  Of  course,  the  whole 
success  of  sewage  farming  depends  upon  good  manage* 
ment? — ^I  think  so. 

10175.  You  may  hare  suitable  sail,  but  wdth  indifferent 
Tuanagement  even  that  fiarm  will  be  a  failure  ?— Quite  so. 
I  have  seen  many  cases  in  which  that  has  occurred.  Of 
course,  in  many  instances  the  fisult  has  arisen  from  there 
being  an  insufficient  area  to  start  with. 

10176.  Yes  ? — ^Down  comes  the  sewage,  and  what  is  the 
man  to  do  ? — He  lets  it  go  straighlt  to  iftie  stream,  and  it 
does  not  have  the  chance  to  be.  purified.  You  could 
hardly  blame  the  man  for  that,  but  the  management  has 
been  responsible  for  it. 

10177.  Of  course,  there  are  fre(}uently  cases  in  which 
it  is  practically  impossiibile  to  obtain  land  ?— Yes,  that  is 
so. 

10178.  Or,  if  the  land  can  be  obtained,  it  is  not  of  a 
suitalble  dharaoter  ? — No,  not  of  a  suUa'ble  chan»ter. 

10179.  In  such  cases  preliminary  treatment  of  some 
sort  must  be  adopted  ? — ^I  quite  think  so. 

10180.  Either  bacteriological  or  ohemacaA  treaitment— 
some  prelimTnary  treatment  ?— I  quite  think  ^at. 

10181.  If  your  p(feace  is  so  satuaited  that  the  only  land 
available  in  a  small  area  of  stiff  clay  land  or  peaty  Uni 
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«r  ivttterlogged  subsofl,  which  cannot  very  well  be 
drained,  you  must  have  sctne  otflier  meaoa  of  panfping 
jour  sewage  ?— I  should  doubt  very  much  whether  tnete 
were  many  oases  in  which  the  land  was  not  Tery  suitable, 
-or,  at  all  eyents,  where  land  that  could  be  utifised  could 
not  be  found.  I  do  not  think  the  cases  are  many  in 
which  you  would  find  yourself  in  such  a  poeitioa  that 
Tou  would  be  obliged  to  resort  only  to  antiificMil  means. 
X  could  not  mentimi  any  places  myself. 

10182.  (Professor  Bamsay.)  We  have  been  infonned 
of  some  yalleys  in  Wales— dn  Glamorgansbire— whiioh 
^ppaireDtly  are  yery  rocky  and  yezy  nanow ;  the;^^  are  a 
long  wny  fxom  the  towns,  and  yeiy  tfilnUy  inhabitedl  by 
a  mining  popolation.  Tbere  it  appeara  that  no  land 
•could  posfliibly  be  obtained  ? — ^In  hiUy  districts  7 

10163.  The  rocky  sides  ol  hills 

10184.  (Major-Oeneral  Carey.)  Narrow  yalleys,  with 
osteep  sides,  and  probsibly  rocl^? — ^Then  you  would  heye 
^to  do  what  you  piopose. 

10165.  {Mr.  KiUiek,)  Or  some  of  the  narrow  yaliesys  in 
Yorbrtiire,  whdch  are  of  stiff  dby;  wtet  would  yoo  do 
there  ?--In  which  part  of  Yorkcjhire  ? 

10186.  The  West  Biding  ?— Yes,  but  I  should  not  con- 
sidiar  the  majority  of  the  soils  in  the  West  BidEng  of 
Yorkshire  to  be  so  stiff  as  to  be  unsuitable. 

10187.  I  did  not  say  the  majority,  I  said  some  ^— ^ome, 


10188.  {Major-General  Carey,)  li  suitable  land  can  be 
•obtaiiMd  at  reasonaible  coat,  you  prefer  it  to  any  other 
jnethod? — ^Yes,  certainly.  There  may  be  cases  in  which 
-one     would     haye     to     resort    entirely     to    artificial 

means,  Ibecatuse  no  land  was  ayailuble.  In  such  cases 
yon  would  simfxly  haye  to  do  the  best  you  could.  But 
you  will  not,  I  think,  get  such  a  satisftyctory  effluent, 

•  and  you  may  also  lose  a  cevtain  amount  of  affricultural 
benefit  from  the  crops  ground,  whtcb  you  would  dieiiye  if 
you  comlMned  the  two  things. 

10189.  With  regard  to  the  cereal  crops,  is  not  the  great 
^defect  that  no  sewage  can  be  applied  to  them  for  a  yeiy 

long  period  in  each  year? — ^They  haye  practicatty  to  be 
left. 

10190.  Practically  the  land  on  which  cereals  are  being 
^grown  cannot  be  used  for  the  purification  of  sewago  I — 

Where  cereals  are  grown  for  com? 

10191.  Yes?— Yes,  thiat  is  ao. 

10102.  For  purposes  of  the  purification  of  sewage,  you 

would  have  to  be  independent  of  the  land  occupteaby 

these  crops? — ^Where  you  haye  plenty  of  land,  and  can 

get  enough  land  to  giye  it  a  rest  for  the  winter  season, 

you  wiU  not  find  your  cereal  crop  suffer  at  all  by  the  fact 

•of  sewage  haying  been  on  it.    You  cannot  pour  the  sew- 

•^e  on  and  keep  the  ground  constantly  wet,  but  if  you 

have  enough  land  to  keep  the  sewage  off  it  for  the  season 

of  the  cereal  crops  whidi  are  grown,  you  may  get  yery 

luxuriant  crops — ^more  luxuriant  than  you  would  on  many 

-other  lands. 

10105.  That  js,  assuming  that  you  haye  sufficient  land 
to  be  independent  of  the  land  occupied  by  your  crop  ? — 
'Quite  so. 

10194.  I  haye  only  one  other  point.    You  mentioned 
lime  as  a  precipitant.    I  think  you  said  you  had  no  ob- 
jection to  it.    But  does  not   lime  create  a  yery  large 

quantity  of  sludge  of  whfdi  it  is  difficult  to  dispose  ?-- 
Yes ;  but  I  think  the  addition  c^  any  ohemicak*— lime  or 
otherwise — introduces  iCfficulties. 

10195.  But  lime  espeoiaJiy,  Tlie  amount  of  sludge 
produced  by  lime  is  larger  than  that  produced 
by  any  other  chemical  precipitant,  is  it  not? — ^I 
could  not  say  from  my  own  experience.  On  the  other 
hand,  the  use  of  lime  as  a  preoipitanty  and  the  mixina 

•  of  the  lime  with  the  soil  afterwards  in  the  foim  <i 
sludge,  is  In  many  oases  yery  beneficial  indeed  to  tna 
landL  Land,  m  many  cases,  suffers  yery  much  from  the 
absence  of  Hme,  and  it  is  not  at  all  an  inoonyendent  wa^ 

•of  supplying  lime  to  the  soil,  whereas  the  other  chemt- 
cals  haye  no  agricultural  yalue  at  all. 

10196.  (Professor  Bamsay,)  In  India  the  caste  system 
presents  a  strong  barrier  to  the  utilisation  of  night-soil, 

•  does  it  not  ? — Yes,  it  does.  There  are  only  a  certain  daaa 
id  people  who  are  allbwed  to  handle  it. 

10197.  AgriculturatB  will  not  touch  it  yeiy  often?— 
But  a  yer^  considenible  change  of  f eelfeing  has  come  oyer 
mttny  agnculij^ts  of  recent  years.    I  know  many  agii- 

•^ulturists  now  who  years  ago  would  not  haye  thought  of 
^«0ing  nightHMjil,  but  who  now  do  use  it. 

10196.  In  Indi«?-~In  India. 


10199.  Am  regaxda  the  dSsposal  of  the  sewige  of  large  j^,  j,  j. 
popokdoDS,  such  as  there  are  in  Oskutte  and  Bomhayy  rorfofay, 
do  you  conlider  that  there  is  any  possibiliM^  of  it  baing  22  iiayisoi* 

done  there?— It  ia  an  impooBitnfity  with  reoard  to  such     

large  places  as  Bombay.  But,  on  the  other  hand,  Fooha 

has  been  ibr  miany  jrears  most  efficiendy  seryed^  and  the 
utiUsatioa  of  the  night-eoA  by  the  municipality  has  been 
a  great  agrioidtuxal  suoceas. 

10200.  Yet  they  are  just  staxting  a  hu|^e  drainage 
scheme? — Quite  so  ;  and  the  same  thing  ^iphes  to  OMm» 
pore.  When  I  was  in  IndJa,  a  scheme  for  introduBing  a 
water-carriage  ^^stem  for  sewage  was  just  being  in&o- 
duced  at  Cawnpore,  Allahdbad,  and  other  places.  I  took 
occasion  then  to  write  about  it,  and  I  alwMnB  regardted  it^ 
and  do  still  regard  it,  as  a  great  affricuftural  miritaka 
But  there  it  is ;  we  haye  eyidence  of  it  here ;  it  is  one 
of  those  things  which  are  bound  to  go  in  the  case  of  towns 
that  are  increasiog  in  ause,  and  espeobally  where  you 
get  more  and  more  of  an  uxban  population.  It  forma 
part  and  parcel  of  the  system  of  water  supply  for  drink- 
ing purposes.  That  has  brought  a  great  reyolution.  I 
know  taat  in  Cawnpore  when  they  haye  this  water  sap- 
ply  system--a  water  supply  in  the  houses — agriculture 
will  go.  So  in  this  country  too.  If  we  were  to  consider 
this  matter  purely  from  {he  point  of  yiew  of  what  we 
could  get  back  from  it,  if  we  could  get  back  the  earth 
closet  system,  and  eyezybody  would  adopt  it,  it  would 
be  the  simplest  plan,  but  the  feeling  is  yery  naturally 
against  it.  I  am  sorry  that  it  is  so,  but  it  is  one  of 
those  things  which  haye  to  go,  and  it  will  go  in  India 
in  big  towns  in  just  the  same  way  as  it  has  in  England. 

10001.  Yesterday,  we  had  eyidenoe  fromi  Pr.  Poore 
with  reference  to  the  disposal  of  nig'ht^soil  in  small 
quantities  in  yillages^  Do  you  not  l^nk  thai  ttie  ibeat 
way  of  introducing  that— ^or  one  oamnot  anake  compnl* 
sory  legislation  on  the  subject— would  be,  educationiuly, 
to  try  to  get  teachers  in  elementary  schools  to  inetmot 
their  children  as  to  the  easiest  way  of  disposing  of 
nightrsoily  and  the  immense  increase  of  garden,  produce 
which  they  might  expect  to  haye  by  ite  utilisation  t— I 
am  Afraid  I  haye  yery  little  hope  of  much  spread  in  that 
direction.  I  know  Dr.  Boore,  and  I  was  yery  interested 
in  seeing  his  garden  worked  on  the  system  he  has 
described ;  it  is  very  nice  indeed  ;  ana  if  eyerybody 
were  to  do  it  it  would,  no  doubt,  be  a  yery  simple  sys- 
tem of  disposing  of  the  sewage,  but  I  haye  not  the  least 
hope  that  it  will  be  generally  adopted. 

10202.  (Chairman,)  But  is  it  not  your  enperience  that 
an  ordinary  agricultural  laibourer  with  a  garden  of  his 
own  uses  the  sewage  and  digs  it  into  his  garden  ? — ^No, 
I  am  afraid  it  is  not.  My  experience  is  that  when 
there  is  put  up,  as  is  done  under  the  new  regulations, 
on  the  other  side  of  the  road  yery  often,  or 
at  the  end  of  the  earden,  some  nice  building, 
and  the  man  and  nis  family  are  expected  to 
go  out  there  at  night,  if  they  can  find  some  other 
place  to  dispose  of  their  refuse  in  they  will  do  it.  I 
am  afraid  I  haye  yery  little  hope  of  getting  the  people  im 
rural  districts,  whether  they  are  liabourers  or  gentle* 

folks,  to  adopt  any  system  other  than  'Uiat  of  water*  ' 

carriage  if  you  giye  it  to  them. 

10203.  I  am  talking  of  where  there  is  do  water-carriage 
system.  In  laibourers'  cottages  there  is  no  wtater-car- 
riage. — ^No,  there  is  no  water-carriage,  but  I  think 
people  in  the  country  generally  still  haye  the  old  cess- 
pool, and  would  rather  stick  to  that  than  haye  any- 
thing to  do  with  these  new  ideas.  I  do  not  think  there 
is  any  chAnce  whateyer,  either  by  edncaiion  or  by  ex- 
ample or  otherwise,  of  doing  yery  much  in  the  way  of 
improyement  in  that  direction. 

10204.  It  is  a  common  practice,  I  think,  in  our  yil- 
lages,  to  haye  a  pit — not  a  cesspool,  but  a  pit,  on  the 
leyel  of  the  ground,  and  then  At  certain  intemla,  when- 
eyer  it  w<ants  it,  they  empty  it  out,  tand  dig  it  into  the 
garden.? — They  dig  it  into  their  garden. 

10205.  Yes. — ^But  you  are  speaking  of  it,  I  take  it, 
from  the  point  of  yiew  of  profit — ^whetner  you  are  going 
to  use  it  profitebly,  or  whether  any  adyantege  is  going 
to  acrue  from  it. 

10206.  .They  consider  it  yaluable  as  manure. — ^They 
consider  it  yaluable  in  a  way,  but  what  is  their  prac- 
tice? Their  practice  is  that  it  all  goes  into  one  place, 
and  nowhere  else  It  is  not  utilise  in  the  right  way, 
and  I  do  not  think  you  will  get  people  to  utilise  it  yeiy 
much  more. 

10207.  (Major-Oeneral  Carey,)  It  is  not  spread  oyer 
the  land? — ^It  is  not  spread  oyer  the  land.  Your 
Indian  cultiyator   knows    to  a  nicely    what    to    do 
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ih:J.A.    with  it      Give  him  the  night-soil,  and  if  he  is  of  the 

Voeieker,    easte  that  is  allowed  to  touch  it  he  will  use  it  so  that  it 

92Ms7i90i.  ^  distributed  well  over  the  land  ;  he  will  take  it  awa^ 

himself,  and  is  glad  to  do  it.     But  in  our  country  towne 

and  rural  districts  here  you  will  find  such  a  state  of 
things  as  your  Lordship  has  described  ;  when  the  night 
soil  is  taken  away  it  is  never  properly  utilised,  it  is 
simply  put  on  one  part  of  the  land,  and  that  is  where 
it  all  goes  ;  there  it  is  put  on  year  after  year,  and 
generally  the  well  is  somewhere  near  it  s^so,  and  you 
get  the  whole  benefit  of  it  in  that  one  spot. 

«  10208.  (Professor  Bamsdy,)  With  regard  to  the  use  of 

night-soil,  is  domestic  sewage  sufficient  for  manure,  or 
is  it  mixed  with  nitrates,  or  phosphates,  or  what  ? — No, 
for  general  agriculture  it  is  nxk.  The  only  case  in 
India  that  I  know  of,  in  which  night-soil  is  supple- 
mented by  anything  else,  is  for  yery  special  cultiva- 
tion, such  as  that  of  sugar  cane.  I  consider  that  the 
return  of  the  night  soil  to  the  land  in  the  way  that  is 
done  in  India  would  solve  the  whole  of  the  agricul- 
tural difficulties. 

10209.  I  am  speaking  of  this  country — of  sewage 
farming  in  this  country  ? — In  this  country  ?  Oh,  I  do 
not  know  of  any  ca«e  of  sewage  farming  in  this  country 
where  it  has  been  found  necessary  to  supplement  the 
•ewaga 

10210.  Can  you  classify  soils  as  to  their  suitability 
for  sewage  farming  purposes  ? — The  difficulty  of  classi- 
fying them  is  that  you  do  not  have  the  same  kind  of 
fioil  all  over  an  area;  you  will  have  x>erhap8  two  or 
three  different  classes  of  soil. 

10211.  Tes? — ^I  have  brought  with  me,  to  illustrate 
this  point,  the  sequence  of  some  soils  that  were  taken 
on  a  proposed  sewage  farm.  I  had  the  soils  to  examine, 
and  1  made  analyses  of  them,  and  these  go  to  show 
that  in  quite  a  limited  area  you  have  quite  different 
classes  of  soil  to  deal  with.  In  some  cases  you  have  a 
nice  loamy  soil  at  the  top,  then  comes  another  class 
of  soil,  which  in  turn  rests  on  a  rocky  soil.  Then 
you  may  get  a  concretional  mass  formed,  which 
upsets  the  whole  working.  But,  to  put  it  gene- 
rally, I  should  say  that  you  get  two  extremes.  The 
first  is  a  soil  which  is  so  charged  with  vefi^etable  mat- 
ter— a  peaty  soil< — as  to  be  unsuitable  on  mat  aocount, 
or  a  sand  which  has  not  enough  '*  substance  *' 
in  it  to  hold  the  material  passed  through  it.  At  the 
other  extreme,  you  have  a  clay  which  is  not  sufficiently 
porous,  a  clayey  loam,  with  &  clay  subsoil,  which  forms 
an  impervious  base.  Between  these  two  extremes  you 
would  have  soils  which  you  would  class  generally  as 
sandy  loams,  loams,  or  clay  loams. 

10212.  Which  would  be  suitable  ?— All  of  which  you 
might  use  without  hesitation — some  better,  of  course, 
than  others.  But  very  often  Hie  locaJ  differences  as 
you  go  down  will  make  considerable  variations. 

10213.  Have  you  any  special  tests  for  the  soils  in  the 
shape  of  water-holding  capacity,  or  something  of  that 
kind  ? — ^Yes,  I  have  applied  that  in  many  cas< 


the  soils,  and  finding  now  much  water  they  will  hold, 
and  weighing  them  ;  I  do  that  in  conjunction  .  ith 
what  you  may  call  the  mechanical  testing  of  them. 

10214.  Yes? — I  supplement  that  also  by  separating 
the  soils  into  their  mechanical  constituents  of  sand  ^d 
clay,  and  I  also  make  chemical  analyses.  So  that  if  I 
had  to  judge  of  the  quality  of  a  soil,  I  should  tzy  its 
water-holding  capacity,  its  mechanical  division,  and  its 
chemical  composition.  In  special  cases,  where  special 
effluents  have  to  be  dealt  with,  I  am  quite  certain  that 
nothing  except  a  practical  test  with  the  material  that 
is  to  be  dealt  with  is  satisfactory.  I  had  a  very  clear 
instance  of  that  in  a  case  where  I  was  dealing  with 
the  refuse  from  a  margarine  factory.  I  took  soils  from 
a  sewaffe  farm,  and  there  I  found  that  the  different 
parts  of  the  land  varied  very  much  in  their  power  of 
holdine  back  or  of  letting  through  into  the  stream 
finely  divided  matter. 

10215.  Do  you  consider  that  a  sewage  farm,  as  a  rule, 
should  be  underdrained  ? — ^As  a  rule,  I  might  say  it 
should  be  underdrained.  But  in  the  case  of  very 
Lsa^  clay  soils  I  should  not  advise  it,  because  of  their 
liability  to  crack  in  dry  weather,  thus  allowing  the  sew- 
age to  go  through  unpurified.  I  think  underdraining 
in  some  cases  may  do  very  much  mx>re  hanmi  than  good. 
I  think  there  are  instances  on  record  in  which  the 
drains  have  actually  been  taken  up,  and  the  working  of 
the  sewage  farm  improved  veiy  much  in  consequence. 

10216.  Is  it  possible  to  render  the  surface  of  a  clay 
soil   more   suitable   for   sewage    purification   by   the 


process  which  you  have  described  ?  Tou  speak  now  of 
clay  soil  in  particular.  You  told  us  of  sandy  soil  which 
would  be  greatly  improved.  Is  it  possible  to  improve* 
day  soil  in  that  way? — My  reference  was  to  heavy  clay^ 
soil. 

10217.  I  thought  it  was  the  sandy  soil  which  was  im- 
proved ? — I  intended  to  refer  to  heavy  clay  soiL  Speak- 
ing generally,  I  should  not  drain  sandy  soil  at  all.  On. 
my  own  farm — ^I  am  speaking  of  an  agricultural  farm 
— I  have  no  drains  at  all,  and  do  not  want  any.  I  am 
quite  certain  that  if  I  had  drains  there  I  should  not 
only  lose  the  moisture  which  came,  but  also  ^b» 
manures  which  I  put  on.  So  that  I  would  say  gener- 
ally, do  not  drain  sandy  land  unless  there  is  need  of 
it.  With  clay  soil,  drain  it  if  you  can  get  the  soil  to- 
work  in  between  properly,  but  if  is  a  heavy  clay  soil, 
liable  to  crack  in  hot  weather,  you  are  better  without 
draining  it  at  all. 

10218.  Do  you  notice  much  difference  in  summer  and 
winter  as  regards  the  purification  effected  by  a  sewM;e 
farm  ?  In  winter,  does  the  sewage  tend  to  run  off  th^ 
side  of  the  land  untouched? — I  cannot  say  that  my 
attention  has  been  drawn  to  that  point  particularly. 

10219.  Does  the  application  of  the  sewage  sludge  to* 
the  ground  do  any  harm  to  it  ? — ^I  do  not  think  so ;  in 
many  cases  I  think  it  does  good. 

10220.  In  Birmingham  they  dig  the  sludge  into  th^- 
ground  ? — In  Birmingham — ^if  they  have  tim^  t&  do  it^ 

10221.  Do  they  take  crops  off  that  land  afterwards  ? 
— ^When  they  get  time  to  grow  them,  yes.  I  think  th^- 
digging  in  of  uie  sludge  is  a  good  system.  But  every- 
one knows  that  they  lukve  very  great  difficulties  at  Bir- 
mingham, and  I  believe  they  are  not  able  to  cultivate- 
the  whole  of  the  land  which  has  the  sewage  sludge  dug 
into  it,  or  to  get  it  into  proper  order.  To  speak  of  the- 
system  agricmturaUy,  there  is  no  reason  at  all  why  it 
should  not  be  perfectly  good,  and  I  do  not  think  that 
any  harm  would  happen  to  the  soil  as  a  consequence. 

10222.  You  spoke  of  the  fact  that  you  have  not  ob- 
served any  disease  due  to  cattle  feeding  on  sewage* 
farms,  but  I  think  you  have  noticed  disease  occurring^ 

among  cattle  which  drank  sewage? — Yes.  In  the 
case  that  I  mentioned,  at  Norwich,  the  cattle  are* 
always  going  over  the  fields  on  which  sewage  has  been 
poured.  They  have  access  to  the  sewage,  but  that 
they  drink  it  I  am  not  prepared  to  say. 

10223.  (2>r.  McGowan,)  They  do  drink  it.  (WUness.y 
I    know     that    if     you     give     cattle     dirty     water 
they  will  always  drink  it  in  preference  to  clean.     But- 
I   maintain  there  is  a  veiy  great  difference  betweeiL 
cattle  which  are  always  under  one  set  of  conditions, 
such   as  I  have   mentioned,    and  cattle  which   may- 
be under  perfectly  normal  conditions,    and    then  are 
allowed  acoess  to  such  a  thing  as  polluted  water.    If, 
for  instance^  you  have  cattle  on  land  which  is  sodden, 
such  as  that  on  the  sewage  farm  tEat  I  speak  of,  they 
may  get  perfectly  well  accustomed  to  those  conditions  ; 
whereas,  if  you  take  other  animals  from  other  con- 
ditions and'  puit  theml  on  the  same  land  they  may  very 
soon  suffer  ^om  it.    That  is  the  only  way  in  which  I 
can  account  for  the  fact  of  cattle,  I  will  not  say  having 
been  killed,  but  having  suffered  from  getting  access  to 
water  into  which  polluted  matter  has  certainly  gone* 

10224.  (Mr.  KiUiek.)  Could  you  tell  us  the  character 
of  the  illness  from  which  the  cattle  suffered? — ^No,  I 
cannot  speak  at  all  from  the  veterinary  point  of  view. 
My  reference  was  to  cases  in  which  I  have  been  con- 
cerned, and  in  which  veterinary  experts  have  been 
concerned  with  me.  I  have  given  it  rather  on  their 
evidence  than  my  own.  I  have  always  been  careful 
to  speak  purely  from  the  chemical  side,  and  never  to 
express  an  opinion  in  Court  as  to  whetiber  an  animal 
has  died  of  this  or  that  particular  thing.  It  is  out  of  my 
province.  I  have  shown  frequently  in  such  cases  that 
the  water  taken  from  a  certain  point  where  the  cattle 
had  access  to  it  has  differed  from  the  water  above  the 
source  of  the  pollution  by  reason  of  the  incoming  of 
the  polluting  matter.  But,  except  in  cases  inhere  I 
have  found  evidence  of  the  killing  of  an  animal  tibrough 
the  presence  of  metallic  poisons  and  the  like,  and 
where  I  have  examined  the  viscera  of  the  cattle  chemi-< 
cally,  and  found  these  poisons  present  in  them,  I 
could  not  say  that  I  have,  apart  from  Uie  veterinary 
evidence,  anything  really  to  go  upon  in  that  respect. 

10225.  Have  ypu  ever  found  anthrax  to  exist  f-— Yes, 
I  have  a  case  of  that  in  hand  now. 

10226.  Can  that  be  traced  to  sewage  contamination  i 
Are  the  cattle  which  suffer  from  anthrax  on  sewage 
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farms? — ^I  do  not  know.  I  do  not  know  a  case  that 
£an  be  substantiated  as  having  been  derived  from 
A  sewage  farm.  I  could  take  you  now  to  Yorkshire, 
4ind  point  out  to  jou  a  field  where  anthrax  has  been  for 
jreara.  past ;  you  can  get  it  out  of  the  soil.  And  the 
same  ract  is  known  in  regard  to  India— cattle  suffering 
from  anthrax  have  died  and  the  bones  have  been  scat- 
tered  about.  This  is  one  of  the  objections  to  the  use 
of  Indian  bones,  that  you  may  carry  anthrax  about  in 
that  way  and  deposit  it  on  the  fields.  But  I  do  not 
think  there  is  anything  to  be  put  down  peculiarly  to 
sewage  farms  more  than  to  any  other  source  of  that 
jdnd. 

10227.  (Profetsor  Samsay,)  You  spoke  of  having  two 
•classes  of  men  to  ma-nage  sewage  farnui^— if  thqr  were 
very  small,  an  ordinary  farmer ;  but  il  yon  are  deal- 
ing with  towns,  an  eiq^rt  Does  it  not  appear  to  yoa 
wat  to  manage  a  farm  profitably  is  what  a  farmer 
ivould  like  to  do,  but  to  have  to  manage  it  unprofitably 
revolts  the  very  soul  of  a. farmer? — ^If  you  are  manag- 
ing it  for  a  township  you  probably  do  not  know  how 
it  IS  going. 

10228.  It  falls  to  two  very  different  classes  of  men 
'i— the  one  farmers  and  t^  other  net  farmers? — ^Far- 
mum  nowadays  are  getting  pretty  well  accustomed  to 
farming  without  making  it  pay.  I  do  not  think  the 
manager  of  a  sewage  farm  would  be  particularly 
depressed. 

10229.  But  a  farmer  will  always  try  to  make  it  pay? 
—Yes. 

10230.  But  the  man  who  wants  to  dispose  of  sewage 
need  not  try  to  make  it  pay,  and  he  will  view  his 
farm  solely  from  the  point  of  view  of  disposing  of  the 
«ewage  ? — ^Yes.  I  know  cases  where  the  Sclent  work- 
ing of  the  farm  as  regards  the  proper  purification  of 
sewage  has  been  injured  by  the  consideration  of  the 

tenant  or  the  man  working  it  for  the  sake  of  making  a 
profit.    Most  of  the  instances,  in  fact,  that  I  can  call  to 
mind  at  the  present  moment  are  cases  in  which  the 
district  council   has  taken  up  land  and  poured  its 
sewage   on   it,    and  has   let   the   land   to   somebody 
else  who  is  not  in  the  service  of  the  council,  and  who 
lias  taken  up  the  land  as  a  farm.    There  he  will  grow 
Ids  crops,  and  he  will  put  the  sewage  on  it  when  he 
wants  it.    When  he  does  not  want  it  he  will  pat  it 
down  a  side  path  straight  iiito  the  stream. .  I  have 
juan^  instances  of  that  that  I  could  name,  where  the 
•efficiency  of  a  farm  has  been  brought  into  bad  repu- 
tation entirely  through  the  fault  of  the  district  coun- 
cil,  or  whatever  other  local   authority   it.  may  have 
Iteen,  in  not  taking  up  the  farm  themselves  ana  work- 
ing it  by  proper  officials  of  their  own,  but  letting  it 
out    to    somebody    to    farm    for    them.       The     case 
^t    Preston    that    I    mentioned    a    little    time    ago 
was    such     an    one.       What     happened     there    was 
that  the  Preston  Ck>rporation  let  out   their   land   to 
tsomebody    to    farm     for    them.      The    man   farmed 
it    as    a    farm.      A    portion    '^f    tho    land    was    not 
.-suitable  at  first,  through  b^ing  too  sandy.    The  tenant 
let  the  sewage  stand  on  the  land,  and  collected  all  the 
solid  matter    he  could  and    stored  it  in  great    lakes. 
That,  in  the  opinion  of  some,  produced  a  nuisance,  and 
they  said  they  could  smell  the  sewase  for  some  distance 
>off.    People  objected  to  this,  and  there  was  a  law  cast^ 
as  the  result.     The  farmer  found  that  he  could  ju)l 
'deal  with  the  sewage  properly  on  the  very  sandy  land, 
l>ut  the  land  after  he  had  let  the  solid  matter  go  on 
It  was  very  much  richer,  and  so  he  preferred  working 
the  farm  in  that  way.     That  was  very  nice  from  an 
agricultural  point  of  view,  but  not  from  a  health  point 
of  view.     Thus  the  two  intereet»  were  in  conflict.     I 
-strongly  advised  the  Preston  Corporation  to  take  the 
management  of  the  whole  farm  into  their  own  hands. 
Their  business  was  to  get  rid  of  the  sewage  nuisance  as 
•cheaply  as  they  could,  and  their  first  point  was  to  man- 
age it  as  a  sewage  farm  rather  than  as  an  agricultural 
success. 

10231.  In  the  case  of  manufacturing  refuse,  do  you 
think  that  under  any  circumstances  a  farm  can  dis- 
pose of  manufacturing  refuse? — I  will  not  say  that 
.it  is  impossible,  but  I  say  that  the  difficulties  are  very 
much  increased.  You  have  to  take  very  much  more 
land  for  it.  I  have  had  to  do  quite  lately  with  some 
:8uch  cases,  and  I  mention  this  here  because  I  have 
heaard  it  stated  in  evidence  that  no  more  land  is  re- 
•quired  for  certain  forms  of  manufacturing  refuse.  I 
4un  referring  at  the  moment  to  tannery  refuse.  I  have 
iieard  it  stated  that  no  more  land  is  required  for  the 
treatment  of  tannery  refuse  than  for  the  treatment  of 
ordinary  domestic  sewage.     I  am  directly  opposed  to 


that  statement.  It  is  impossible  to  deal  with  it  on  the  ^''-^j^* 
same  amount  of  land  ;  it  oecomes  another  matter  alto-  J^f^^- 
gether.  22Al>yisoi> 

,   10232.  (Majar-Oeneral  Carey.)  With  careful  precipi- 
tation ?— -There    should    be  precipitation,     but     that 
applies  to  all  manufacturing  refuse.    I  hold  thi^t  before 
manufacturing  refuse  goes  down  to  mingle  with  the 
sewage  it  ought  to .  have  a  preliminary  treatment  of 
some  kind-— either  precipitation  or  some  chemical  treat- 
ment suited  to  that  particular  claa*  of  refuse.    That 
should  be  done  before  it  is  allowed  to  commingle  wit^ 
the  ordinary  sewage.    I  know  that  the  difficulties  c^ 
corporations,  and  even  of  district  councils  and  other 
local  authorities,  have  been  immensely  increased  by  the 
putting    of   manufacturing    refuse    down    the  sewers 
at     all     manner     of    times     without    the     control 
of  the  local  authorities.     The  great  difficulty  in  con- 
nection with  manufacturing    refuse    is    this:     it    is 
not  like  the  sewage — a  regular  fiow  at  certain  times. 
It  is  not  under  control.     It  is  sometimes  let  down  in 
a  large  volume,  and  then  it  may  stop  for  a  time.     Sup- 
posing vou  have  got  something  .which  is  harmful  to 
Uie  land.    Down  comes  a  certain  volume  of  that,  and 
th^  land  is  spoilt,  and  then  you  expect  it  at  once  to 
resume  its  working  capacity.    If  you  make  any  com- 
plaint about  it  you  are  told  that  the  volume  of  it  is 
very  small  compared  with  the  sewage  which  comes 
down  with   it.      But  you  have  introduced   a  totally 
different  set  of  circumstances.    It  may  not  be  a  large 
amount  if  you  spread  it  over,  the  whole  of  the  time, 
but  when  vou  set  a  sudden  burst  of  manufacturing 
refuse,  and  little  or  no  sewage  happens  to  be  going 
down,  you  get  as  much  refuse  or  more  than  you  do  of 
sewage.     That  is  where  the  harm  to  the  land  and  harm 
to  the  process  of  purification  is  doBe. 

10233.  Whatever  the  process? — ^Whatever  the  pro- 
cess* 

10234.  (Mr,  KUlick,)  Is  not  that  obviated,  to  some 
extent,  by  the  use  of  tanks  ?— Theoretically  it  is. 

10236.  But  ie  it  not  practicallly,  a*  proved  by  ei^ri- 
menAs?— I  have  not  seen  a  place  yet  where  an  idesl 
system  of  getting  manufacturing  refuse  or  even  the  bulk 
of  the  manufacturing  refuse  separated  from  tha  ordir 
nary  sewage  is  in  existence.  As  a  matter  of  fapt,  if 
you  have  your  tanks,  down  the  refuse  goes  whether  the 
tanks  happen  to  be  full  or  not.  I  do  not  say  that  it 
coul<}  not  be  done,  but  I  say  that  the  <mAn  in  charge  of 
th^  works  has  got  to  get  rid  of  the  refuse,  and  the 
easiest  way  is  to  get  it  on  to  the  land,  and  it  goes  down 
regardless  of  other  considerations. 

10236.  (Professor  Bamsay.)  I  do  not  think  you  quite 
onderstan^  the  quee!tion.  The  queetion  as  ^eg^sda,  this 
ftettling  tank  was  thai  the  sewage  and  manufacturing 
refuse  mdgbt  become  unLfoim  in  oomposition  7— Yee, 
th«t  ie  practically  what  I  was  trying  to  answer.  It  is 
a  question  whether  you  can  get  enough  tank  room.  The 
tank  room  must  be  snffioiect  to  hold  your  maximum 
quantity,  and  to  let  it  settle  there  as  long  as  you  want 
it.  I  have  not  seen  yet  a  place  where  the  tank  accom. 
modation  is  large  enough  to  hold  the  maximum  amount 
at  any  time  of  the  year  and  the  sewage  as 
well.  Where  you  have  storm  water  coming  along 
with  the  sewage  Uie  problem  is  enormously  in- 
creased. You  get  a  heavy  fall  of  rain,  and 
you  get  your  tanks  full  very  much  sooner  than 
you  expected.  What  is  the  man  in  charge  to  do  wiih 
it?  That  is  the  practdcal  question.  I  think  the  much 
easier  way,  and  the  much  more  satiflfeotoiy  way,  is 
to  make  it  compulsory  that  the  manufacturing  refuse 
should  be  dealt  with  on  the  spot,  and  undergo  a  certain 
amount  of  purification  betee  it  entecs  into  the  senrage. 

10237.  (MajoT'Oeneral  Carey,)  By  the  maaufaoturerl 
— ^Yes,  by  the  manulaoturer. 

10238.  If  you  can  compel  him  to  do  it  I— Yes. 

10230.  If  it  is  emtiflreily  voluntary  there  is  always 
the  risk  that  they  will  not  do  it  ? — ^They  will  never  do 
anything  roliuvtsrily. 

10240.  (Professor  Bamsay.)  Wbat  test  do  you  gene- 
rally  use  for  sewage  effluent?  Whet  do  you  generally 
estimate? — Generally  I  estimate  the  matter  in  suspen- 
sion, the  nature  of  that — ^whether  organic  or  mineral. 
Then  I  examine  the  filtered  material,  determining 
in  that  the  solids,  the  lime,  magnesia,  sulphiinc  acid, 
nitric  acid,  chlorine,  and  silica ;  these  are  the  usual 
mineral  constituents  I  datennine.  In  additwn  to  that 
I  determine  the  orgBiuc  matter,  or  rather,  the  amount 
of  oxygen  absoit)ed  in  a  ceitain  time. 

10241.  From  permanganate? — ^By  permanganate,  yes. 
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J>r,j,A.   I   determine   the   free  ammonia  and  tlie  albuminoicT 
Foeoftfer,    ammonia,  and  of  recent  years  I  have  determined  the 
n  Mat  1901.  AD^c>ant  of  aeration. 

" 10842.  Is  there  any  teet  tou  oan  suggieet  which  would 

be  convement,  eay,  for  a  farm  manager  or  some  non- 
ohemiist,  by  wihioh  he  could  reach  some  sort  of  idea  m 
to  what  w«w  godng  on  in  hds  fann  effluenita  ?— ^No ;  I  do 
not  think  it  is  at  all  neoeeeary  thait  he  shouTd.  The 
Tariations  are  so  enormioue.  I  Immto  had  to  da  with  dif- 
ferent sewage  going  on  at  diffeveivt  times,  and  it  is 
▼eiy  hard  eren  from  a  cheauoal  point  of  view  to  get 
any  idea  as  to  what  the  natiure  of  eewage  is  at 'toy  one 
particular  point.  It  is  only  by  a  series  of  examina- 
tions that  it  can  be  done. 

10045.  I  do  not  mean  the  sewage,  but  the  efflruent; 
if  Ihe  agriculturist  wante  to  know  whether  it  is  up  to 
a  given  standuird  of  purificoAnon,  or  whether  it  will 
turn  out  unobjectionable  or  objectionable? — Ton  are 
apeaking,  I  think,  of  sewtage  going  on  to  the  land? 

10244.  I  am  speaking  of  the  effluent  from  the  land  ? 
—Oh,  of  this  effluent  ? 

10246.  Yes,  For  instance,  you  have  got  a  faom 
labourer  who  is  not  a  ohemiet,  and  you  want  to  put 
into  his  hands  some  sort  of  test  whereflby  daily  he  aball 
know  whether  he  is  fulfilling  the  purpose  he  ie  placed 
there  to  fulfil  ?— ^My  experienoe  is  toat  they  have  a  very 
good  idea  whether  it  ie  what  ougbt  to  go  on  or  not, 
and  I  should  be  very  aorry  to/£y  ix>  make  chemists 
out  of  them.  I  think  the  ordinary  indicafakm  of  free- 
dom from  matter  in  suspension  and  freedom  from  smell 
are  about  as  good  ones  as  either  he  or  a  chemist  could 
have. 

10246.  Tes?— I  do  not  see  that  verv  m»oh  advance 
would  be  mtade.  Even  apeaking  aa  a  chemist,  I  should 
attach  more  importance  to  the  obeervation  of  my  «yes 
and  my  nose  as  to  whether  it  was  a  pure  and'  proper 
effluent  than  aa  to  whether  it  contained  thie  or  that 
number  of  gnine  per  galloin  of  thaa  or  that  oonstituent, 

10947.  (Mr.  KiSUck,)  Yon  have  ennmerated  several 
different  kLnds  (^  tirade  refuse  wh«^  are  difBcnlt  io 
treat.  (Hiave  you  anytiiing  to  say-  albout  each  special 
okas?  For  inatanoe,  brewers'  refuse ?—'Bren^ere'  re^ 
fuse,  yes ;  I  have  had  to  do  woth  that.  I  have  bad  to 
deal  with  brewers'  refuse  at  Guildford,  where  it  con- 
stituted a  very  great  difficulty. 

10248.  me  difficu%  consisting   in T— ^The    diffi. 

cnlty  oonsistiDg  in  the  blocking  up  of  the  sewers,  the 
very  objectionaible  smell,  in  conaequenoe  of  the  fermen- 
tation going  on  after  the  mixing  of  the  sewage  with  the 
yeast  wasltings  and  other  brewery  refuse. 

1024St  What  remedy  did  you  suggest  7— Tha  remedy 


there  adopted  was  a  voluntary  one  on  the  put  of  the: 
brewery  people.    They  separated  the  aotid  mattera  on. 
their   own   premises,    and  thev   put  them   there    on 
filters — I   think   they   were   ooko  filters.      They  were 
only  beginning  to  do  it  when  I  waa  last  connected  with. 
the  rna^r.    Tftiat  I  know  waa  done. 

10250.  13annery  refuse  is  simply,  as  I  think  you  aaid^ 
rather  worse  to  treat  than  sewage ;  it  would  be  treated, 
in  the  same  way? — ^Tannery  refuse  I    consider  a   very 
difficult  thing  to  deal  with.    The  difficulty  with  tannery 
refuse  is  that  it  is,  in  my  opinion,  a  very  bad  thing 
for  the  land.    You  are  deailing  with  two  differeot  klnda^ 
of  liquor  in  the  effluent  at  one  tune.    You  have  one 
material  which  is  of  a  strongly  acid  character,  highly 
charsed  with  vegetable  matter,  and  on  the  other  hand 
you  nave  lime  washing,  which  is  of  just  the  opposite- 
character,  stronffly  alkaline.    If  those  two  materials 
were  allowed  to  be  put  down  a  sewer  and  minsle  with 
the  sewage  of  a  district  they  would  vexj  serious^  affect 
the  oondation  of  the  sewiage.    It  would  be   quite   im. 
pos8ible--iit  was  quite  inxpoaaible  in  the  caae  I  have  ini 
mind — ^for  the  local  authority  to  control  in  any  way  the 
nature  of  the  mixed  sewage.      At  one  time  it  would 
be  stioDglv  iaoid«  and  at  another  tune   it    would  be- 
strongly  alkaline.    No  man  could  woric  a  seiwage  fann 
properly  with  variable  liquid  of  that  kind  to  deal  with. 

10261.  You  apeak  from  the  point  of  view  of  the- 
sewage  farm  ?— Oh,  from  the  point  of  view  of  treating 
it  I  have  always  contended  that  in  tannery  refuse  the 
two  liquors  ougM^  to  be  mixed  together  on  the  manu- 
facturers' premises,  and  ought  there  to  be  allowed  to 
subside,  and  the  solid  matten  ramoved  as  far  aa  pos- 
sible before  the  refuse  enters  the  sewers. 

10262.  You  refer  to  cotton  mill  refuee.  What  refuse- 
is  that?— I  do  not  know  exactly  what  it  waa.  I  know 
they  had  a  lot  of  it  at  Breston. 

10263.  "  Cotton  mills  "  seems  to  be  a  kind  of  general 
term  ? — I  think  it  is. 

10854.  Because  theie  is  not  found  to  be  any  refuse- 
from  cotton  miills?--!  really  do  not  know  what  in  par. 
ticular  it  is. 

10266.  You  express  a  preference  for  ooke  bieeze* 
fillters.  Do  vou  inrefer  them  to  any  other  kind  7  I  have 
not  really  had  enouc^  exijerience  of  the  working  of 
different  kinds  to  differentiate  closely  between  them. 
I  have  seen  different  ayatema,  and  different  ways  o^ 
aerating,  of  blowong  air  in^  and  things  of  that  idndy. 
but  I  have  not  made  any  extended  experimeota. 

10256.  You  have  not  a  very  extenaive  experience  o^ 
artificial  syafemaf-— !No,  I  could  not  say  that  I  have  am 
extenaive  exparience  in  that  respect. 
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5811-59.  ' 

Analysis  of  raw  sewage,  tank  and  filter  effluents, 

Bamesj  6860-5. 

See  also  Whittaker,  C.  J. 

ADENEY.    W.  K,  d.sc,    f.i.c.     (Analysis    of    his 
Evidence)  : 

Oxygen  system  of  sewage  purification,  2384. 
Scientific  principles  upon  which  system  based,  p.  148. 
Experiments  with  sewage  and  tap  water,  p.  149. 
Aerobic  and  anaerobic  fermentation,  ib. 
Experiments   with  sewage  filtered  through  gravel 

and  tap  water,  ib. 
Aerobic   fermentation    of    suspended    matters   in 

sewage,  p.  150. 

Aerobic  fermentation  of  dissolved  organic  matter, 
ib. 

Rates  at  which  the  termentatiye  changes  proceed, 

p.  151. 
Oxygen  sewage  purification  system,  ib. 
Works  erected  for  oxygen  process,  ib. 
Efficiency  of  treatment : 
Dundrum  works,  ib. 
Chapelizod  works,  p.  152. 
Northallerton  works,  ib. 
Cost  of  chemical  treatment  at  Northallerton,  ib. 
Methods  of  analyses,  ib. 
Designs  of  works,  cost  of  erection,  and  particulars 

of  working,  ib. 
Free  and  albuminoid  ammonia  in  sewage,  2385-95 

2513. 
Description  of  method  of  testing,  2396. 
'  Putrefactive   fermentation   synonymous   with  an- 
aerobic, 2397-2409. 
Ordinary  treatment  with  permanganate  of  potash 

worthless,  2410. 
Aerobic  and  anaerobic  fermentation  as  rival  systems, 

2411-12. 
Addition  of  manganese  compounds  and  nitrate  of 
soda  assists  aerobic  fermentation,  2413-15,  2508- 
2512. 
Effect  of  trade  effluents  on  atirobic  fermentation, 

2416-18.. 
Influence  of  alkalies  and  lime,  2419,  2438. 
Other  prejudicial  effluents,  2420. 
Standards  should  vary  with  local  circumstances, 

2421-46,  2467-85. 
Best  forms  of  filters,  2448-54. 
Difficulty  of  disposal  of  sludge,  2455-62. 
Living  organic  matter  in  effluent,  2493-9,  2513-7. 
Precipitation  with  oxanite,  2500-7. 
Contamination  of  well  waters  through  land  treat- 
ment, 2518-20,  2527-30. 
Danger  when  land  frozen,  2524. 
Milch  cows  can  be  kept  on  sewage  farm  with  proper 
care,  2525. 


ADRIAN,  ALFRED  DOUGLAS,  cb.  (Analysis  of 
his  Evidence) : 

Origin  and  growth  of  law  relating  to  sewage  dis- 
posal, 3-78. 
First  period,  1842  to  1857,  6. 
Second  period,  1858  to  1870,  7. 
Third  period^  1870  to  present  time,  8. 
Open  irrigation  system  at  Edinburgh,  9,  33. 
Mr.  Chadwick's  opinion,  9-13. 
Water  closets  introduced  in  1810, 10. 
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Adrian,  Alfred    Douglas   (Analysis   of    his  Evi- 
dence)— continued. 

Commission  of  1843,  9,  11.. 
Highw^  drains,  11. 

Towns  Improvement  Clausis  Act,  1847,  13-19. 
Profitable  and  unprofitable  disposal  of  sewajre,  14. 20. 
23,  150-6.  ."©>»» 

Public  rivers  as  appropriate  outfall,  14-17,  19. 

Restrictioiis  imposed  in  1848,  22-3. 
Sewers  of  deposit,  18. 
Public  Healtli  Act,  1848.  20. 
Report  of  General  Board  of  Health,  1854,  24-5. 
Application  of  sewage  to  agriculture,  ib, 
Deodorisation  ;  underground  pipes,  2?,  26. 
Experiments  in  Pimlico  and  Fulham,  27,  33. 
Mr.  H.  Austin's  report,  1857,  28-34. 
Royal  Commission,  1857,  28,  116.; 

Preliminary  report,  1858,  35-7. 
Local  Government  Act,  1858,  38. 
Sewage  utilisation,  39. 
River  pollution,  40. 

Local  Government  Act  Amendment  Act,  1861,  41.. 
Purification  before  discharge  into  streams,  41-2. 
Second  Report  of  Royal  Commission,  43-5. 
Select  Committee,  1862  :  utilisation  of  sewage,  46-7, 

116. 

Ditto        ditto        1864 ;  sewage  of  Metropolis  and 
other  large  towns,  48-9,  116. 

Iiyury  from  sewage  in  rivers,  49. 
River  pollution,  and   utilisation   of   sewage— me- 
morials and  petitions,  1865,  50-2. 

Sewage  Utilisation  Act,  1865,  53-4. 
Amended  bjr  Sanitary  Acta,  1866-1870,  56. 

Rivers  Pollution  Commission,  1868,  56-9, 117-20. 

Summary  of  results;  various  processes  of  sewage 
treatment ;  manufacturing  pdlutions,  60-2. 

Second  report,  1870  ;  A.  B.  C.  process,  63. 

Subsequent  reports,  1871-1874,  64. 

Sanitary  Commission,  1869 ;  constitution  of  Local 
Government  Board,  66. 

Public  Health  Act,  1872,  67-8. 

Pollution  of  Rivers  Bill,  1873  ;  Act,  1876, 69-70,  121. 

Public  Health  Act^  1875,  70,  80-90. 

Report  of  Committee  on  modes  of  treating  town 
sewage,  70. 

Thames  pollution  ;  Royal  Commission,  1882,  71, 116. 

Meti-opolitan  system  of  sewage  disposal,  72. 

Remedial  measures,  73. 

Conclusions  as  to  methods  of  treatment,  74-7. 

Public  Health  Amendment  Act,  1890,  78. 

Rivers  Pollution  Prevention  Act,  1893,  78,  113. 

Effect  of  existing  law  relating  to  sewage,  79. 

Powers  of  local  authority  :  disposal  of  sewage,  81  2. 

Separate  or  combined  action,  83-6,  123-143. 

Enumeration  of  powers,  87. 

Financial  aspect  of  matter,  88,  148. 

Miscellaneous  provisions,  89. 

Restrictions  imposed  by  Public  Health  Act,  1875,  90. 

Law  relating  to  river  poUution,  91,  91*. 

Procedure  for  enforcing  law,  92. 

Definition  of  "  stream,^  92*,  157-60. 

River  pollution  by  manufacturing  refuse,  93-4,  97. 

Restrictions  on  local  authority.  95. 

Restrictions  that  affect  Central  Authority,  96. 

Alkali,  &c..  Works  Regulation  Act,  1881,  97. 

Litigation    respecting   admission    of    refuse    into 
sewers,  98. 

Peebles  v,  Oswaldtwistle  Urban  District  Council, 
99-103. 

Practice  of  Local  Government  Board  prior  to  1873. 
104.  ' 

Want  of  success  in  securing  legislation,  105-6. 

Present  practice  of  the  Board,  107. 

Effect  of  rules,  108. 

Mersey  and  Irwell,  and  West  Riding  Acts,  111-5, 

131,  135-42. 
Watershed  should  be  dealt  with  as  a  whole,  123-43 
Dee  joint  committee,  131-3,  142. 
Board  does  not  supervise  local  schemes,  144-7. 
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ROYAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


AEROBIC  MICROBES : 

System  of  sewage  purification,  Ducat,  2185-329. 
Manganese  compounds    and    nitrate  of    soda  assist 

fermentation,  Adeney,  2413-6,  2508-12. 
Effect  of  trade  effluents,  ih.,  2416-8. 
Influence  of  alkali  and  lime,  t6.,  2419,  2438. 

See  also  Bacteria  a/nd  Biological  Filtration. 

AGRICULTURE : 
Application  of  sewage,  Adrian,  24-5. 
See  Sewage  Farms.. 

ALKALrl,  ETC.,  WORKS  RBGUI/ATION  ACT: 

Aot  oi  1881,  Adrian,  97. 

Standards  fixed  have  proved  useless,  Seudder,  6037. 

Inspectors  do  not  press  hiardlv  on  manufacturers,  ih., 

6038-46. 
Relief  from  nuisance  of  Alkali  waste,  Sill,  9109-12. 

t 

''AMINES"   process    of   sewage    disposal,    Woltheim, 
5207-60. 


AMMONIA : 

Albuminoid  ammonia  test :   NayUyi',  853-9,  891-915, 

923,  928-9;  WUson,  1197-1202, 1278-82;  Frankland, 

3061-8. 
Formation  in  sewage  :   Ward,  2672  ;  Moncrteff,  3351- 

8,  3371-2  ;  Garfield.  3461-6. 
Free  and   albuminoid  ammonia    in  sewage,  Adeney, 

2385-95,  2513. 
AM)uminoid  Ammonia  test,  Seudder,  5930-1. 
IfVanklyn  process  o£  determination,  ih.,  5952-3. 
Reagents  required  for  estimation,  t&.,  5964. 
Met£od  of  procedure,  ib. 
Albuminoid  ammonia  in  suspension  and  solution,  tb,, 

5968 :  obtainable  f rom-  sediment  and  filtered  liquid, 

ib.,  6970-1. 
Test  -agrees  with  the  others  within  broad  limita,  ib., 

6011 ;  all  used  in  testing  efQuents,  ib.  6012-3. 
Albuminoid  ammonia  test  highly  thought  of,  Letts, 

8666. 

See  also  Tests. 

ANAEROBIC  : 

Treatment  attended  with  danger,  Dvcat,  2192-4. 
Synonymous  with  putrefactive,  Adeiiey,  2397-2409. 
Action  aids  nitrification,  Foioler,  8407. 

See  Bacteria  aiid  Biological  Filtration. 

ANALYSIS  : 

Chemical  analysis,  Roscoe,  3510,  3652-63. 
Methods  of  analysis,  ih.,  3510. 
Interpretation  of  analytical  results,  ih. 
Wanklyn  and  other  processes,  Rideal,  4162,  4279. 

See  also  Tests. 
ARTIFICIAL  FILTRATION.    See  under  Filtration. 

A8HTEAD  BACILLUS : 

Experiments,  Moncrleff,  3372-9. 

AYLESBURY  : 

Results  of  work,  Difxiin,  2176-83;  M<mcrieff,  3208- 

10. 
Analysis  of  crude   sewage  and  effluents  from  sewage 

works,  Difjdiv^  p.  1-34. 
Experiments  with  A^.C.  process,  SiMar,  6190-4. 

**  BAOILLITE  "  process  destroys  all  pathogenic  germs, 
Hope,  4966-71,  4974-6. 

BACTERIA : 

Effect  on  efficiency  of  filters,  ir*7<o»,  1283-7, 1313-17, 

1345-54. 
Action  of  anaerobic   bacteria,  Cameron,  1891-1905, 

1937-8,  2059-60. 
Bacteria  as  destructive  agents,  Wan^d,  2535. 
Organisms  in  rivers  and  sewage,  ib.,  2537. 
Aerobic  and  anaerobic  forms,  ib.,  2542. 
Pathogenic    character     of     bacteria,     ib.,    264  6-71, 

2716-56. 


Bactesia — contvMied. 

Anaerobic  and  aerobic  organisms,  Roscoe,  3510. 

Bacteriological  research,  ib. 

Bacteriological    examination    of    final    effluent  and 

interior  of  filter,   WoodJkead,   2852-69,    2898-2914, 

2922-6,  297^-82. 
Pathogenic     organisms     in     bacteriological     filters, 

Barwise,  4111-8. 
Bacteria  occurring  in  aewAge,  Rideal,  4133,  4335-54. 
Inoculating  filters  with  special  organisms,  ib.,  4488- 

90. 
''BaoUlite'VproceM  destroya  all  pathogenic  gemu, 

Hope,  4966-71,  4874^. 
Bacteriological  tests  of  sewage,  Houston,  6866-82. 
Bacteriological  features  of  Leeds  experiments,  Hard- 

ing,  7401. 
Biologioal  method  of  determiningpurity,  »6.,  7402. 
BesuJts  of  experiimients,  Klein,  9615-812. 
Longevity  of  pathogenic  bacteria,  Franldand,  10001, 

10014. 
Land  purification  due  to  bacterial  agency,  ib.,  10025-6. 
YailuA  ol  bacteriological  test,  ih. ,  10100-2. 
Bacillus  coli  not  proof  of  oontaminatioiL,  ih:,  10103-0. 

See  also  Organisms. 

BAGlSiEQAW,  F.     (AaalysiB  of  his  Evidence.) 

Volume  of  sewage  at  Harrogate,  6904-406^ 
Description  of  eew«ge  farm,  6407. 
Method  of  working,  6406-13. 
Bye  grass  the  principa>l  o^oo,  6414-7. 
Subsoil  principally  clay,  6423-7. 
Bacteria  bed  very  sa4d8faotory,  643Q-6. 
Analyses  of  effluenta,  6439. 

« 

BALFOUiB.    D.,    icinbt.c.s.,    r.o.s.,    h.$.i.,    f.B.x.B. 
I      (Analyeis  of  his  Evidence.) 

Land  only  purifies  in  proportion  to  ita  .poro^tjr,  6842. 
Crude  sewage  should  not  be  put  on  land,  6843.  < 
Sewage  shoud  receive  preliminary  treatment,   ib. 
Mechanical  subsidence  or  precipitation  rec<»nmendedy 

6846. 
Alumina  ferric  used  as  a  precipitant,  6846-7. 
Description  of  settling  tank,  6846,  6869. 
Natural  better  than  artificiedly  prepared  land,  6848. 
Frost  does  not  seem  to  affect  the  land,  664M0. 
Cropping  assists  purification  by  land,  6861. 
Grope    should    be    succulent — ^not     potatoes— oaiera, 

mangolds,  cabbages,  and  rye-grass,  6852. 
Willows  should  be  planted  wide  apart,  6854. 
No  decreasing  effect  found  in  intermittent  filtration, 

6866-7. 
Proportion  of  population  to  the  acre,  6858-68. 
Storm  water  can  be  treaty  on  the  land,  6870. 
Overflows,  with  one  movable  valve,  fixed  on  line  of 

sewers,  6871-9. 
Storm  filters  coming  into  use,  6874. 
All  land  should  be  underdrained,  6880-5. 
Clay  land  apt  to  crack,  6883. 
Sewage  should  be  discharged  into  sea  at  extreme  low 

water  mark,  6887-92. 
Northumberland  and  Durham   County  Council  teats 

of  effluents,  6893-6. 
Sewage  after  subsidence  may  be  dischcCrged  into  tidal 

water  at  ebb,  6897-9. 
Purity  of  effluent  depends  chiefly  on  amount  of  fil- 
tration, ^900-6. 
Tank  should  not  be  overburdened,  6906. 
Trade  effluents  should  be  treated  separately,  6907. 

BARKING  CREEK : 

Analyses  of  crude  sewage  and  effluents  from  sewage 
works,  Dibdin,  p.  136. 

BARNES,  J.     (Analysis  of  his  Evidence.) 

Analysis  of  Accrington  raw  sewage,  tank  and  filter 
effluents,  6860-6. 

BARWISE.    DR     SIDNEY,  m.d.,  d.p.h.     (Analysis 
of  nis  Evidence)  : 

Derbyshire  stiff  clay  unsuitable  for  sewage  purifica- 
tion, 4022-9,  4119-29. 
Analysis  of  sewage  and  effluent,  4022. 
Results  obtained  by  biolo^cal  filters,  4030. 
Results  from  coal  filters,  tb. 
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Barwiss,  Dk.  8n>VEy:— continued, 

Buxton  comparative  experiments,  td.,  4037. 

Land   reqairements    of    Local   (^vemment  Board, 

4038-40. 
Special  precantions  when   stream  used  for  drinking 

purposes,  4041. 
Construction  of  precipitation  tanks,  4042. 
Local  Qovemment  Board  and  patent  rights,  4042-53. 
Standards  are  desirable    even  if  not   rigidly  fixed, 

4054-5. 
Land,  unless  very  good,  useless  when  frozen,  4056. 
Ne  objection  to  milch  cows  on  sewage  farm,  4050- 

64. 
Sewage  farms  do  not  pay  as  farms,  4065-7. 
Land  gets  sewage  sick,  4072-4. 
Continuous  dribbling  best  plan  for  artificial  filters, 

4077-8. 
Lowcock*s  experimental  filter,  4079-84. 
Lomax's  system  of  intermittent  flushes,  4085-94. 
Method   of  dealing    with    sludge  at  Burton,  4095- 

4105. 
Pathogenic  organisms  in  bacteriological  filters,  4111- 

8. 
Local  Govemmenti  Board    should    keep  public  in- 
formed on  sewage  disposal  question,  4129. 

BELFAST: 

Ulva  latissima  in  Belfast  Lough,  .LettSf  8574-649. 

BILSTON : 
Analysis  of  sewage,  Latham,  4505,  4537-46,  4644-5. 

BIOLOGICAL  FILTRATION : 

Biological  experiments :  Scvddei\  535-86. 

Biological  treatment  of  sewage,  Naylcr,  860-9,  877- 

82,933-6. 
Qalvanisers'  pickle  would  have  deleterious  effect,  t6., 

937-8. 
Analyses   in   connection    with  experiments,   WUs&n^ 

1236-44. 
Bacterial  filters,  Crimp,  1795-7. 
Bacteria  bed  at  Sutton,  Dibdin,  2169: 
Comparison  of  results  obtained  by  sewage  furms^id. 
Purification  of  sewi^e,  «6.,  2169  et  seq. 
Bacterial  treatment  of  sewage  containing  manufac- 
turing refuse,  ib.,  p.  127. 
Action  ci  coarse  and  fine  beds,  t6.,  3857-74. 
System  of  purification   by  aerobic  microbes,  Dvcaty 

2185. 
Anaerobic    treatoient    attended    with    danger,    td., 

2192-4. 
Aerobic  and  anaerobic   fermentation,  Adeney,  2384, 

2411-5,  2608-12 ;    Ward^  2548-50,  2568-645,  2680- 

93,  2704-7,  2751-62,  2781-92. 
Bacteriological  filter  beds,  Woodhead,  2795-2812. 
Special  advantages  of  biological  filt^,  tb,  2818, 2822. 
Filtration  through   bacteria   beds^  Frankland,  3060, 

3073-80. 
Aerobic   and   anaerobic  processes,  ^Moncrieff,  3213-9, 

3280-4,  3374-7,  3386-93. 
Decomposition   of  sewage  by  living  organisms,  Roi- 

coc.  3510. 
Besults  obtained,  Barwue,  4030. 
Bacterial  transformations   of  sewage,    Bideal,  4133, 

4209-10. 
Advantage  of  first  or  anaerobic  stage,  ib,,  4134,  4135, 

4218-27,  4286-4327,  4413-28,  4438-66. 
Source  of  energy  that   occasions  decomposition,  ib., 

4136. 
Action  of  enz^rmes,  ib,,  4138-40,  4228-9. 
Separate   cultivation    of    bacteria   unnecessary,  ib,, 

4139. 
Influence  of  algae  in  purification,  ib»,  4157. 
Efiect  of  temperature  on  bacterial  action^  ib.,  4474. 
Anaerobic  action  of  settling  tanks,  Whtttdier,  4783- 

4,4800. 
Bacteria  bed  at  Harrogate  very  satisfactoiy,  Pagshav), 

5430-5. 
Manchester  experiments  in  bacterial  treatment  of 

sewage,  Fowler,  5442-576. 
Filters  get  clogged  up  if  mismanaged,  WUson,  6978- 

81. 
Good  management  essential  to  suoeees,  ChaUerton, 

6484. 
Luid  neceeeary  in  addition,  ib,,  6485-0. 
Bacteria   beds  after  chemical   precipitation  very  sat- 
isfactory, ib,,  6640-58. 
No  appreciable  reduction  of  capacity,  16.,  6560. 
Success  due  to  preliminary  precipitation,  ib.,  6560-2. 
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BiOLOOiCiiL  Filtration — continued. 

Area  of  arable  land  required  after  filtration  on  bac- 
teria beds,  Tatton,  6578. 
Bacteria  beds  give  satisfactory  effluent,  ib.,  6640-8. 
Will  not  work  if  overdosed,  ib,,  6640-53. 
Require  efficient  supervision,  ib.,  6782-8. 
Bacteria  tank  preferred  for  purity  of  effluent,  Balfour, 

6006-6. 
Tank  should  not  be  overburdened,  ib.,  6906. 
Bacteriological  experimental  works  at  Reigate,  Pres- 

cott,  6908-86. 
Biological  system  of  sewage  treatment,  Candy,  6080- 

7033. 
Experiments  at  Leeds,  Harding,  7045-57. 
Bacterial  system  helpful,  Sirachan,  7515. 
Bacteriological   experiments   at   Leicester,    Mawbeu, 

8128-360. 
Description  of  experimental  plant,  ih.,  8132-56,  8281. 
And  of  17  experiments  or  processes,  ih,,  8157-282. 

8304-40. 
Analyses  of  results,  ib,,  pp.  430-450. 
Water  capacities  of  clarifying  bacteria  beds,  t6.,  p. 

451. 
Anaerobic  action  aids  nitrification,  Foxder^  8407. 
Kecord  of  working  of   bacteria  beds  at    Manchester, 

ib.,  pp.  460-2. 
Effluent's  contain  most  organisms    of    raw    sewage, 

Thresh,  8801-3,  8005-6. 
System  becoming  general  in  Essex,  t&.,  8905-9007. 
Sand  filter  or  land  necessary  in  addition,  HUU  0053. 
Effluent  dangerous  in  drinking  streams,  ih, ,  0118-20. 
No     authoritative     opinion     as     regards     methods, 

WiUiams,  0826-7. 
System  does  not   remove  the  bacteria,    Frahkland, 

0032^. 
Land   purification     due    to    bacterial    agency,    ib., 

10023-6. 
Land  slower  than  bacterial  action,  ih.,  10076-8. 

See  also  Filtration. 

BLACKBURN  : 

Results  of  work,  Dihdin,  2176-83. 
Analyses  of  crude  sewage  and  effluents  from  sewage 
works,  ib,,  p.  134. 

BOARD  OF  TElAiDE : 

Views  on  discharge  of  sewage  into  tidal  waters,  FeU 
ham,  8768-834. 

BRADFORD : 

Filtration  following  chemical  treatment  not  effective 
at  times,   TVHson,  6404-0. 

BROWX,  WILLIAM.     (Analysis  of  his  Evidence.) 

Reeves  system  of  sewage  disposal,  5110-31. 
Analysis  of  effluents,  5132. 

•  — * 

BUXTON: 
Comparative  experiments,  Bamvise,  4030-7. 

CAMERON,  DONALD  (Analysis  of  his  Evidence) : 

Septic  treatment  of  sewage,  1861. 

Tanks  and  filters  at  St.  Leonard's,  1863,  1870-8. 

Nature,  quantity,  and  flow  of  sewage,  1864,  1960-2, 

2127. 
Storm-water  overflows,  1865-7,  2126-30. 
Means  of  arresting  detritus— grit   chaml>erb,  1868-9, 

1946-56,  1990-5. 
Nature  of  deposits  in  tank,  1879-84,  2002-4.    ' 
Oases  evolved  in  tank,  1885-6,  1936,  1963,  2005-10. 
Condition  of  filters  after  26  months'  work,  1887. 
Cost  of  installation,  1888-90. 
Liquefaction    of    solids  in  tank  through    action  of 

anaerobic  bacteria,  1891-1905,  1937-8,  2059-60. 
Analysis  of  sediment,  1897. 

Analyses  of  tank  effluent  and  deposit  1909,  2107-17. 
Filters  not  affected  by  frost,  or  dilution  with  rain- 
water, 1913-5,  1935,  2041-6. 
Value  of  sediment  and  filtrate  as  manure,  1916^23. 
Analyses  of  raw  sewage,  1930-4, 1941-5,  2118. 
Accumulation  of  sludge  in  tank,  1957-9. 
Relative   purification  obtained  by   septic  tank  and 

filters,  1964-74. 
Results  at  Yeovil  and   Exeter  compared,   1975-88. 

2090-2105. 
Scum  on  septic  tank,  1096-2001,  2064-7. 
Filters  should  not  stand  full   more   than   an   hour 

2011-3,  2131.  * 

Times  of  taking  samples  for  analysis,  2026-31. 
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KOYAL  COMMISSION  ON   SEWAGE  DISPOSAL: 


Cameron,  Donald  (Analysis  of  liis  Evidence)— co»- 
tinued, 

Kate  of  filtration  at  Belle  Isle,  2032-6. 

Septic  tank  insufficient  without  subsequent  filtration, 

2048-2050. 
No  nuisance  anticipated   from  emptying  septic  tank, 

2051. 
Tanks  should  follow  level  of  sewer,  2062-8. 
Sewage  should  remain  in  tank  18  to  20  hours,  2061. 
Purifying  action  of  tanks,  2065-9. 
Tanks  simUar  to  "  sewers  of  deposit,"  2070. 
Massachusetts  experiments,  2072. 
Odour  from  overworked   tank  not  sufficient  to  be  a 

nuisance,  2072-5. 
Nitrification  with  coarse  gravel    less    than    that    of 

sand — both  inferior  to  coke  or  clinker,  2076. 
Odour  depends  upon  stay  of  sewage  in  tank,  2077-8. 
Stay  in  filters  aifects  filtrate  only,  2083-4. 
Filtrate  worse  when  rate  of  filling  slow,  2085. 
Capacity  of  filters  increased  by  draining,  2086-8 
Ouoical  pieces  of  coal  best  filtrant,  2090-1. 
Works  at  Barrhead,  2092-8. 
Effect  of  rainfall  on  raw  sewage,  2119-22. 
Experiments  with  regard  to  typhoid  bacilli,  2123. 
Innuence   of  micro-organisms   after   filtrate   reaches 

river,  2124-5. 
Clogging  up  of  filters,  2133-40. 
Organisms  m  filters,  2139,  2141-5. 
Fish  will  live  in  filtrate,  2146-50. 
Results  improved  by  repeated  filtration,  2151-4. 
Effluent    may    safely    be     discharged  into    the  sea 

direct  from  tank.  2155. 
Septic  tank   equal    to    best    form  of    precipitation, 

2156^65. 

CANDY,  FRANK.     (Analysis  of  his  Evidence.) 

Biological  system  of  sewace  treatment,  6980-7033. 
Principle  and  merits  of  ute  sprinkler,  6990-7,  7016- 

25. 
Importance  of  polarite,  6997-7015. 
Comparative  test  of  sand  and  polarite  filters,  7005. 
Bacterial  oxidation    polarite  system,  7033. 


CARBONIZED  REFUSE  system  of  purification  : 

Description  of  process  and  works  at  Baildon,  Jaggery 
4980-98. 

CARD(EPF: 

Scheme  for  discharge  into  the  sea,  Williams,  9838. 

CARSHALTON : 
Analysis  of  sewage,  Latham,  4505,  4537,  4546,  4644-5. 


CATERHAM  : 

Experiments,  Moncrieff,  3241-58,  3272-9,  3290-3314, 
3326-80. 


CATTLE  : 

Cows  on  sewage  farms,  Scvdder,  657-63. 

Danger  of  grazing  on  sewage  farms,  Wilson,  1021-8. 

No  evidence  that  sewage  farms  are  iiyurious.  Crimp, 

1619-20. 
Can    be    kept    on    sewage  farms  with  proper  care, 

Adeney,  2525. 
No  objection  to  milch  cows  on  sewage  farms.  Bar- 

wise,  4059-64. 
Appear  healthy  when  fed  on  sewage  farm  produce, 

Wilson,  6274-83. 
Only  danger  is  drinking  polluted  water,   ib,,   6282- 

300. 
No  experience  of  suffering  from  feeding  on  sewage 

farm,  Thresh,  9026-7. 
Deaths    through    drinking    polluted    water,     Hill, 

9060-3. 
Anthrax  caused  by  drinking  infected  water,  Klein, 

9620-6. 
OowB  drinking  polluted  water  may  propagate  disease, 

ib.,  9744-60. 
Crude  sewage  in  river  dangerous  to  animals,    Wil- 
liams, 9903-9. 
Injured  by  drinking  contaminated  water,    Voelcker, 

10165-8,  10222. 
Anthrax  not  (peculiar  to  sewage  farms,  ih.,  10225-6. 


CELLULOSE : 

Destruction  of  paper  and  cellulose.  Ward,  2543, 
2611-7,  2675-81.  2708-15;  Woodhead,  2888-97; 
Dibdin,  3875 ;  Bideal,  4145. 

Destruction  of  fibre  in  septic  tank  very  slow,  Hard- 
ing, 7320-2. 


OHATTERION,  GEORGE.  (Analysis  of  his  Evidenoe.) 

Land  with  subsoil  water  near  surface  will  not  purify, 

6425. 
Difference  between  broad  irrigation  and  intermittent 

filtration,  6426-8. 
Land  should  be  laid  out  in  plots,  6429-31. 
Sewage  should  not  be  put  directly  over  under  drains, 

6431-3. 
Clay  and  peaty  land  unsuitable,  6432-3. 
Solids  should  be  precipitated  chemically,  6434-3. 
Open  septic  tank  a  nuisance,  6439-50,  6503-4,  6623-43. 
Precipitation  increases  amount  of  sludge,  6451. 
Covered  septic  tank   and  filters  best  for  domestic 

sewage,  6463-4,  6525,  6544-6. 
Brewery  refuse  should  'be  treated  at  breweries,  6455, 

6517-20. 
Storm  overflow  should  act  when  flow  six  times  nor- 
mal, 6456-61,  6479-81. 
Properly  screened  town  refuse  greatly  improves  land, 

6462-6. 
One-fifth  of  farm  under  sewage  at  a  time,  6467-0. 
Good   land   if   well  managed  will   not   deteriorate, 

6470-3. 
Nuisance  caused  by  letting  sewage  into  sea,  6476-8. 
Good  managemjent  indispensable  on  sewage  farm, 

6482. 
More  essential  in  case  of  bacterial  filters,  6484. 
Land  necessary  in  addition  to  bacteria  bed,  6485-9. 
Discharge  into  sea  should  be  continuous,  6490. 
Crude  sewage  should  not  be  discharged  into  small 

tidal  liver,  6494. 
Suspended   matter   should   be   screened   out,    6496, 

6500-1. 
Treated  sewage  discharged  on  the  ebb  tide,  6409. 
Thorough  treatment  necessary  where  effluent  pasiea 

near  oyster  beds,  6502. 
Crude  sewage  on  land'  a  nuisance  unless  area  very 

large,  6505-8. 
Solids  can  be  arrested  by  upward  filter,  6509. 
Brood  irrigation  re(q[uire6  large  area,  6511-5. 
Brewery  refuse  an  intolerable  nuisance,  6517. 
Should  be  treated  with  lime  and  sludge  pressed,  6521. 
Bacteria    beds    after   precipitation  very   satisfactory, 

6540-68. 
No  appreciable  reduction  of  capacity,  6559. 
Sucoees  due  to  preliminary  precipitation,  6560-2. 
Storm  water  should  be  treated  separately,  6565-7. 
Organic  matter  in  solution,  after  solids  removed,  not 

harmful  where  dilution  of  tidal  water  very  great, 

6568-76. 


CHEMICAL  research,  Boscoe,  3510. 
CQEMIOAL  treatment.     See  Precipitation. 

CHINA: 

Sewage  disposal,  Foore,  9576-78. 


CHOLERA : 

Cholera  vibrio  found  in  sewage,  Klein,  9613. 
Experiments  with  cholera  vibrio,  ib, ,  9647-62i  9720. 


CHORLEY : 

Sewage  and  sewage  works,  Hibbert,  7761-8047. 
Effluent    considerably    under   Kibble    standard,    ib,, 

7834. 
Model  of  chemical  treatment  and  filtration,  ib.,  7001-3. 
Cost  of  working,  ib,,  7965-72. 

See  also  Hibbert,  Alderman  H.  F. 
CLAY.    ^ecLand. 
COCKLES.     See  under  Fish. 
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■COMMISSIONS  : 

Commission  of  1843,  Adrian,  9,  11. 

Royal  Commission,  1867,  t6.,  28,  36,  37,  43,  45,  116. 

Rivera  Pollution  Commission,  1868,  i6.,  66-64,  117-20. 

Sanitary  Commission,  1869,  il.,  66. 

Royal  Commission,  1882,  ib,,  71,  116. 

COMMITTEES  : 

Select  Committee,  1862,  Ad7^ian\  46-7,  116. 
Ditto,  1864,  ?:A.,  48-9,  116. 

Report   of    Committee   on   modes  of  treating  town 
sewage,  ib.,  70. 

CONTACT  BEDS : 

Action  of  coarse  and  fine  beds,  Bibdin,  3857-74. 
Contact  beds  at  Friern  Barnet,  Latham,  4505,  4547- 

63. 
Septic  method  and  bacteria  beds,  i6.,  4606,  4638-43. 
Contact  beds  better  than  land  treatment,  ib,,  4520-1, 

4552-3. 
Pathogenic  organisms  not  likely  to  get  through,  t6., 

4626. 
Beds  do  not  act  by  filtration,  i6.,  4526-8. 
Loss  of  capacity  bjr  silting  up,  ib,,  4586,  4628. 
Period  of  rest  required,  tb.,  4677-82,  4692-6. 
Maximum  sewage  treated,  ib.,  4683-91,  4723-30. 
Comparative  value  of   land  and    bacteria  beds,  ib., 

4696-700. 
Effluent    from    contact    beds    fit  for    drinking,  tb., 

4716-48. 
Experiments  at  Manchester,  FouiUr,  6586-606. 
iSingle  contact  results  not  always  within  the  Mersey 

and  Irwell  standard,  double  contact  always  below  it, 

t6.,  5580-5,  5607. 
Reduction  of  capacity  by  silting  and  consolidation, 

i6.,  5614-36. 
Capacity  should  never  be  let  fall  too  low,  i6.,  6636-41, 

5660-1. 
Area  and  material  of  exi)erimental  bed^  at  MaJichester, 

ih,,  6643-0. 
Beds  may  be  overworked  during  storm  if  rested  after, 

ib.,  6666. 
Effluents  mostly  free  from  oxygen,  Scudder,  6130*1. 
Deep  beds  better  than  shallow,  Marding,  7060. 
Two  hours  best  time  to  stand  full,  i&.,  7063. 
Condition  of  sewage  as  put  on  beds  at  Leeds,    t&., 

7067. 
Analyses  of  crude  sewage  and  filtrates,  «6.,  7068-60. 
Effect  of  frost  on  beds,  i&.,  7061. 
Temperature   of  sewage,  atmosphere,  and  beds,   «&., 
No  nuisance  from  contact  beds,  ib.,  7062. 
'.Steady  loss  of  capacity,  i&.,  7063. 
Variations  in  capacity  table,  ih,     ' 
Causes  of  loss  of  capacity,  i&. 
:Screening  and  washing  very  costly,  «&.,  7064. 
Analysis  of  the  accumulations,  i&.,  7066. 
JLarge  digestion  notwithstanding   accumulations,   i&., 

7066,  7193-200. 
'Single  bed  results  do  not  reach  the  Bivers  Board 

standard,  \h,,  7067. 
Area  of  beds  required,  i6.,  7068. 
Sewage  first  settled  or  passed  through  septic  tank, 

*.,  7069,  7201-9,  7226-31. 
Manufacturers  should  settle  solids  at  works,  i&.,'7069. 
Dissolved  oxygen  not  'more  than  2c.  c.  per  litre,  t6., 

7074. 
Due  to  passing  through  second  bed,  «5.,  7080. 
Matter  in  suspension  varies  greatly,  i6.,  7081-8. 
Continuous    working    rapidly    reauces    capacity,    »5., 

7089-91. 
Six  feet  beds  give  good  results,  t6.,  7092. 
Storm  water  dealt  with  by  increased  fillings,  i6,  7093-6. 
Beds  take  three  fillings  a  day,  t5.,  7096-9. 
Shallow  beds  do  not    reduce  period   of  aeration,  t&., 

7127-36. 
Bate  of  filling  most  important,  i&.,  7136-64. 
Grading  of  filter  material  neoessair,  »6.,  7166-6,  7213- 

26. 
Bedu<9tion  of  capacity  due  to  shidanff  dt  material,  t5., 

7167-71. 
^o  serious  loss  in  fine  beds,  t6.,  7176. 
First  flush  from  second  bed  putrescible,  i6.,  7186. 
Water  retained  by  sludge  causes  loss  of  capacity,  t6., 

7187-92. 
Equally  sized  gravel  would  do  for  filter,  ib,  7216-25. 
-Capacity   not    maintained   unless   solids   settled,  i&., 

7232-42. 
Beiative  merits  of  contact  and  trickling  filtration,  t6., 

7304-8. 
Preliminary  treaifaroenib  advitwble,  iSffrocTUm,  7517-9. 


Contact  Beds— con^^'/ii^d 

Cost  of  renewing  beds,  i&.,  7714-36. 

Sew«kge  with  suspended  solida  oannoi  be  dealt  witiiy 
Fowkr,  8362. 

Bed  used  to  septic  sewage  will  not  purify  non-septio, 
ib.,  8446-8. 

Maintenance  of  capacity,  t&.,  8449-66,  8483-606. 

No  loss  in  rough  cinder  bed,  ih.,  8469-78. 

Mud  is  absolutely  inoffensive,  i&.,  8613-6. 

Shallow  beds  preferable,  ih. ,  8479-83,  8616-33. 

Piling  up  of  tne  beds,  i&.,  8661-4. 

Treatment  of  sewage,  i6.,  p.  467. 

Maintenance  of  beds,  ih. 

Construction  of  beds,  ih 

Control  of  beds,  ih. 

Work  upon  surface,  ib.^  p.  468. 

Washing  of  material,  ih. 

Dibdin  double  beds  suggested  for  Belfast  sewage, 
Letts,  8626-9,  8646-9. 

Coarse  Ddbdiin  beds  preferred  to  septic  tank,  Thresh, 
8959-62. 

Sand  filter  or  land  necessary  in  addition,  HiU^  9063. 

Effluent  dangerous  in  drinking  streams,  ih.,  9118-20. 

Bequire  more  careful  supervision  than  land,  Frank- 
land,  9937,  10071-4. 

Maintenance  of  capacity,  ih.,  9946-9,  9987. 

Crude  sewage  cannot  be  dealt  with,  tb.,  9&60-63i  10069. 

Material  should  be  graded,  ih.,  9986-98. 
Croydon  farm  effluent  not  equal  to  effluent  from  beds, 
ih.,  10004,  10057-9. 

Temperature  of  the  beds,  t5.,  10034. 

Overtaxing  causes  failure,  ih.,  10060. 

Working  of  double  contact  beds,  ih.,  10085-7. 

No  difficulty  with  trade  refuse,  tb.,  10068. 

See  also  Biological  Filtration. 

COSHAM,  T.  (Analysis  of  his  Evidence). 

Description  of  the  "Cosham"  patent  precipitating 
tanks,  4958-60. 

COTTON  CLOTH  FACTOBIBS  ACT  : 

Ventilation  standard  hard  to  enforce  except  by  nomi- 
nal fine,  Scud4er,  6031. 

COUNTY  COUNCILS : 

Tests  of  purity  of  effluents  (Northumberland  and  Dur- 
ham), Balfour,  6893-6. 

Health  laborwtordea  sihould  be  esbabldffhed,  WiUiams^ 
9693-7. 

CRIMP,  W.  SANTO,  m.i.c.e.  (Analysis  of  hb  Evidence)  : 

Discharge  of  sewage  at   outfall   under   varying    cir- 
cumstances, 1667-9. 
Gases  where  sewage  is  pumped,  1568. 
Diflferent  soils  used  for  sewage  disposal,  1570-85. 
Volume  of  sewage  treated,  1731-7. 
Under-drainage  of   sewage   farms,  1686-92,  1756-60, 

1774-9. 
Artificial  filters,  1693-9. 
Ditto  compared  with  best  land,  1600-7,  1620-4,  1761- 

73,  1780-9. 
Three-land  treatment,  1608-14,  1616. 
Purity  attained  from  land  treatment,  1616,  1761. 
No  reliable  evidence  that  sewage  farms  are  injurious 

to  health  of  man  or  beast,  1619-20. 
Disposal  of  sludge,  1625-30,  1669. 
Cut-off  of  storm  overflow,  1631-3,  1790. 
Ashes  added  to  clay  land  make  surface  an  artificial 

filter,  1634-5,  1663-61,  1702-6, 1738-49. 
Cleansing  filters,  1636-7. 
Sewage  farms  should  never  be  let,  1638-40. 
Cost  of  best  filters,  1641-5. 
Capacity  of    land    for    treatment  of  crude  sewage, 

1646-52,  1665,  1697-1706,  1710-21. 
Sludging  up  of  filters,  1662-4,  1798-9. 
Digestion  of  sludge  in  artificial  filters,  1669-72. 
Preliminarv  precipitation  advisable,  1673-5. 
Effluent  channels  should    form    adjuncts  to  filters, 

1677-9,  1751. 
Qreen  vegetable  growth  or  live  fish  in  channel,  good 

test  of  purity,  1680-90. 
Depth  of  filters,  1691-3. 
Types  of  different  make,  1694-5. 
Clay  gives  one-fourth  work  of  best  land,  1701. 
Sewage  fungus  better   test   than  chemical  analyses, 

1722-56. 
Aeration  of  filters  constantly  necessary,  1787. 
Bacterial  filters,  1795-7. 
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ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL: 


CULTIVATION  TANK : 

Description  of  Scott-Moncrieff  apparatus,  Moncrief^ 
.M\Zet96q. 

Sse  Biological  Filtration. 

CURPHEY,  W.   S.,   F.LC,   F.cs.    (Analysis  of  his 
Evidence) : 

Dutiea  of  inspector  under  Rivers  Pollution   Act, 

1806-10. 
How  the  Act  is  manacred  in  Scotland,  ib. 
Initiative  left  to  localauthorities,  1808,  1858. 
Difficulty  of  fixing  standard  of  impurity,  1811-4, 

1819,  1836-40,  1844-56. 
Distillers  desirous  of  disposing  of  waste  products, 

1812. 
Standards  fixed  in   connection  with  Alkali  Acts, 

1814,  1844-8. 
Best  practicable  means  of  purification  not  generally 

adopted,  1815. 
Lidependent  inspection  should  be  provided,  1816-9. 
.Units  of  various  administrations,  1817-36. 
Salmon  Fisheries  Board's  action  regarding  pollution, 

1841-3. 


DEANE,  L.  E.  H.    (Analysis  of  his  Evidence)  : 

Differences  between  English  and  Irish  Acts,  241. 

Application  to  Ireland  of  Rivers  Pollution  Preven- 
tion Act,  242. 

Practice  of  Local  Government  Board  in  dealing  with 
schen^  of  sewage  disposal,  243. 

Very  little  progress  in  connection  with  sewage  treat- 
ment, 246. 

Or  in  treatment  of  trade  effluents,  247-51. 


DEE: 

Micro-organisms  in  the  water,  Frankland,  10014-6, 
10111-22. 

DEE  JOINT  COMmTTEE :  Ad7n(m,  131-3,  142. 

DIBDIN,  WILLIAM  JOSEPH, f.i.c.,f.c.s.    (Analysis 
of  his  Evidence) : 

purification  of  sewage  by  biological  methods,  21     . 

Early  experiments  on  the  Thames,  ib. 

Massachusetts  experiments,  ib. 

Bacteria  ]yed  at  Sutton,  ib. 

Comparison  of  results  obtained  by  sewage  fanns,  ib. 

Purification  effected  by  coarse  oeds  charged  with 

different  materials,  2170. 
Bacterial  process  or  land  treatment,  ib. 
Necessity  for  screening,  ib. 

Experiments  with  coke,  coa},  and  glass  filtrants,  ib, 
Leeds  coarse  beds,  ib. 
Working  of  beds  during  frost,  2171-6. 
Temperature,  2174. 
Most  suitable  depths  for  beds,  2176. 
Effect  of  light,  ib, 

?,^ajc%iaay  %b.  , 
ime  of  contact,  ib. 
Analyses  of  effluents  from  coke  breeze  filter,  ib. 
Oxygen,  absorbed  by  samples  taken  at  Belle  Isle, 

Exeter,  ib. 
Storm  water,  ib. 
Trade  refuse,  ib. 
Results  of  work  at  Sutton,  Leeds,  Aylesbury,  and 

Blackburn,  2176-83. 
Expenments  in.  filtration  of   sewage   effluents  in 

London,  p.  121. 
Experiments  with  sewage  collected  on  the  *^  separate  " 

system,  excluding  rainfall,  p.  126. 
Bacterial  treatment  of  sewage  containing   manu- 
facturing refuse,  p.  127. 
Experiments  at  Leeds,  ib. 
Experiments  with  Maidstone  sewage,  p.  128. 

„  „    West  Bromwich  sewage,  p.  129. 

.,„  .  „    Yeovil  sewage,  ib. 

Analyses  of  crude  sewage  and  effluents  from  sewage 
worl^ft,: 
(/.)  at  Sutton,  Surrey,  weekly  averages,  p.  130 ; 
^.)  at  Knostrop,  Leeds,  weekly  averages,  p.  132 ; 
(A.)  at  Aylesbury,  weekly  averages,  p.  134 ; 
u.)  ,a^Blackb\]M'&)  weekly  averages,  46.; 
(Jf)  at  Sutton,  Surrey,  granite  filter,  <&c.,  Barking 
Creek,  weekly  averages,  p.  136. 
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DiBDiN,  William  Joseph  (Analysis  of  his  Evidence)— 
continued. 

Screen  for  sludge  verjr  desirable,  3798. 

Beds  work  satisfactorily  during  frost,  37ft8*-3800. 

Storm-water  passed  through  filter,  3801,  388^901,. 
3936-48. 

Quantities  of  storm  water,  and  analyses  of  effluents 
at  Worcester  Park  and  button,  3802-5. 

Sewage  in  contact  .with  beds  two  hours,  3806. 

No  masonry  in  many  beds,  3808. 

Cost  of  installation  at  Worcester  Park,  3809. 

Amount  of  sludge  removed  per  day,  3811. 

Loss  of  capacity  of  filters  through  user,  3812-5^ 
3908-31,  3949-98. 

Grit  chamber  should  always  be  provided,  3818-9. 

Beds  should  last  three  to  five  years  without  re- 
making, 3819. 

Oxygen-absorbed  test,  3823-51,  3933-5. 

AnaRses  of  samples  of  fine  bed  effluents,  3833. 

Incubator  not  an  absolute  test,  3852-6. 

Comparison  of  action-  of  coarse  and  fine  beds^ 
3857-74. 

Dissolution  of  cellulose  material,  3875. 

Experiments  with  meat,  wool,  <kc.,  3876-9. 

Organisms  other  than  bacteria  in  filters,  3880-5. 

Various  materials  for  filters,  3886-8. 

Filters  may  be  filled  three  times  a  day,  3891-2. 

Four  hours  minimum  rest,  3893-3907. 

No  reason  to  prefer  coal  for  filters,  3932. 

Provision  should  be  made  for  weak  night  sewage^. 
4006-11. 


DUCAT,  Colonel  (Analysis  of  his  Evidence) : 

System  of  sewage  purification  by  use  of  aerobic 

microbes,  2185. 
Construction  of  the  Ducat  filter,  2186,  2223-30, 2251^ 

2263-87,  2352-66,  2378-80. 
Heating  arrangements  used  when  temperature  below 

40^  F.,  2187,  2271,  2326-7,  2331-4,  2362-4. 
Method  in  which  filter  works,  2187,  2234-51. 
Cost  of  purifying  sewage,  2187,  2330-4. 
System  m  operation  at  Hendon,  2188. 
Ajialyaes   of  sewage  and   effluent   from   filter   at 

Hendon,  2188-91. 
Anaerobic  treatment  attended  with  danger,  2192-4. 
Screens  cleaned  out  daily,  2197-2202. 
Storm  water  makes  no  appreciable  difference   to 

filter,  2203-5. 
Effluent  has  very  high  manurial  value,  2208-10. 
Filter  does  not  appear  to  need  rest,  2212-4. 
Purification  sufficient  for  Rivers  Board,  2215. 
System  suitable  for  trade  effluents,  2217-22. 
Clinkers  give  better  results  than  coke  or  pebbles,. 

2231-33,  2299-2306,  2339-41,  2348-50,  2371-7. 
Time  of  ftow  through  filter,  2238,  2288-98,  23^4. 
No  accumulation  noticed  in  filter,  2239-41,  2307. 
Sludge  all  disposed  of  in  filtei,  2242-4. 
Filter  has  been  working  four  or  five  months,  2245-8» 

2252. 
Results  of  independent,  analysis,  2253-62,  2314-23^ 

2341. 
Purity  of  effluent  from  submerged  filters^  2328-9. 


EDSON,  WILLIAM.    (Analysis  of  his  Enden6«.) 

Volume  of  sewage  at  Ripon,  5311-8,  5393. 
Description  of  sewage  farm,  5319-28. 
Land  is  planted  with  osiers,  5325. 
Methods  of  working,  5329-40,  5345-50. 
Analysis  of  sewage  and  effluents,  5344. 
Land  is  becoming  sewag6  sick,  5351-6. 
One  day's  flow  in  twelve  is  too  much,  5357. 
Cost  of  the  working,  5361-70,  5379-85,  5392 
Depth  of  subsoil  drainage.  5386-91. 


EDWARDS,  TREVOR  (Analysis  of  his  Evidence) : 

West  Ridiog  of  Yorkshire  Rivers  Board  constitulion^ 

980. 
Area  of  operatioiis,  981. 
Acreage,  population,  and  rateable  value,  98S. 
C^ief  reasons  of  Board's  establishment,  983.     - 
Powers  of  the  Board,  984. 
Special  Act  of  1894,  985-6. 
Avera^  cost  of  administration,  987%       •  •• 
Establishment,  988. 
Difficulties  •ncowtered  in  its  work,  98^-991. 
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EFFLUENTS : 

Dilation  with  river  water,  NayUyi'^  82^7. 

Living  organic   matter    in   effluent,  Adeney,  249S-9, 

2613-7. 
Should    not    be    sent    into  stream  used  for  water 

supi)ly,  Woodhead,  2987-8. 
Investigations  of  effluent  water,  Frankland,  3033-42. 
Dilution  and  sand  hitration  necessary  to  I'ender  fit 

for  drinking,  t6.,  3043-8. 
Classification  of  sewage  effluents,  Roteoe,  3510. 
Analyses  of  tank,  <fec.  ^uents,  t6.,  p.  205. 
Special  precautions  where  fftream  used  for  drinking 

purposes,  Barunse,  4041. 
Chlorine  as   a   steriliang   agent^  BidecU^  4148,  4235, 

4387-4403,  4479-80. 
Do  not  putrefy  in  ''  3acillite  "  pfocess,  Hope,  4076. 
Sustain  fish  Itfe  in  oaiibonised  r^luse  syfltem,  Jogger, 

4960L 
Analyses,  in  carbonised  refuse  system,  ib. 
Aniilyses,  in  Stoddart's  system  of  filtration,  Sioddarty 

4999,  5051,  5044-6. 
Filteved   effluent  from  septie   tank  not  putrefaotive. 

Fowler;  6606-13,  5657.  '■ 
Experiments  with  Ship  Canal  water,  ib.j  5609,  5666. 
Power  of  self -purification    in  certain  effluents,    t&., 

5664-5.       . 
Whole  effluent  taken  for  oxygen  test,  Seudder,  5766-7. 
Treatment  by  land  gives  besc  effluent,  i6.,  5072,  6076* 

83. 
Suspended  matter  in  Whittaker  effluent,  ib,  5073-7, 

6121-9.. 
Amount  of  suspended  matter  allowed,  ib.,  5078^. 
Two  per  cent,  of  effluents  which  would  putrefy  pass 

the  tests,  ib, ,  6014-9,  6070-2. 
Definition  of  a  non-polluting'  effluent;  ib,,  6020-30, 

6102-15. 
Effluents  should  be  tested  as  discharged,  ib.,  6099-101. 
Effluents  from  contact  beds  mostly  me  tirom  oxygen, 

ib.,  6130-1. 
liorthumberland  and  Durham  Omnty  Councils'  tests 

of  jmrity,  Balfour,  6893^. 
Biological  method  of  determining  purity,    Harding, 

7402.* 
Physiological  tests  of  filtrates,  ib,.  7403. 
Suspended  solads  of  Whi/ttaker  effluent  foond  potres- 

cible,  ib,,  74304. 
Final  test— will  effluent  putrefy,  t*.,  7404^ 
Percentage  ot  suspended  solids,  ib.,  7494-6. 
Destination  governs  proeeduiie,  Strckdum,  7657. 
Non-putrescibility,  when  mixed  with  a  given  volume 

of  clean  water,  the  best  standard,  ib.,  7569-602. 
Effluent  should  also  be  non-pntrescible,  ib.,  7576. 
Should  be  effectually  purified  if  passing  over  oyster 

beds,  Herdman,  8695,  8746. 
Colloidal  matter  should  be  removed^  ib,,  8740. 
Bacterially  treated  effluents  contain  most  organisms 

of  raw  sewage,  Thresh,  8891-3,  8905-6. 
Should  be  discharged  below  low  water  and  far  from 

shell  fish,  ib,,  8894. 
Could  be  sterilised  by  lime,  ib,,  8907. 
Experiments  with  chlorinated  lime,  ib.,  8906-16,  8938. 
Thames  Conservancy  standard,  ib,,  8937-40. 
Tests  of  purity,  ib..  8945-55. 
Ko  bacteriological  standard,  ib,,  8946. 
Degree  of  oxygenation  simplest  test,  »&.,  8952-5. 
Should  not  be  allowed  into  streams  used  for  drinking 

ib.,  8956. 
Almost  invariably  contain  a  large  number  of  organ- 
isms, ib.,  8956-7. 
Non-putrescibility  should  be  the  standard  for  admis- 
sion to  streams  not  used  for  drinking,  ih..  8958. 
Ko  danger  to  fish  where  chemically  pure,  BTtR,  9047- 

50,  9054^. 
Should  not  decompose  on  standing,  ib.,  9000-1. 
Putrefyinjf  effluents  always  contain  nitrates,  ib. .  0002. 
Standard  for  going  into  drinking  streams,  ib.,  0101-7. 
Effluent  from  bacterial  treatment  dangerous  in  drink- 
ing streams,   ib..   9118-20. 
Examination  of  septic  tank  effluents.  Klein,  0663-71. 
Sterilisina  by  heat,  ib. ,  06^74-7,  9912-7. 
Danger  cf  pathogenic  bacteria,  ib.,  9678-88.  9693-9. 
ATDount  of  bacillus  coli  best  test  of  pollution,  ib,, 

9752-70. 
Sh'^uld  be  free  from  suspended  matter,  FrariMand, 

9971. 
Coulr!  bp  sterilised  bv    chemical    precipitation,  ib., 

100069. 
No  practical  need  forsterilisatioji.  f6.,  10011-9,  10110. 
No    pvil    result    from    fllterei    Thames    water,    ib,, 

10011-^. 
Contain  less  nitrates  in  frosty  weather,  ib,,  10033. 


*  *  * 


Effluents — cantimied. 

Chemical  analysis  of  dfluents,  ib.,  10040-1. 
Standards  for  sewage  effluents,  ib.,  10048-66. 
Test  for  sewage  efiSuent,  Voelcker,  1O04(X5. 


EXSTER : 

Sewage  compared  with  Manchester,  Scudder,Mi-^^9. 
Septic   tank    system  of  sewage  disposal,  Thanwm, 
1376  et  $eq. ;  Cavheron,  1861  et  9eq, 


FERMENTATION : 

Putrefaction    and    fermentation    similar    processes, 

Ward,  2639,  2548;-50. 
Complex  fermentations  in-sewage,  ib,,  2546. 
Fermentations  of  organic  acids,  Rideal,  4133,  4211-7, 

432a-34. 
Fermentation  of  celltdoee  atid   other  ca^bdhydrates, 

ih.,  4146. 
Fermeniability  due  to    ratio    between '  nitrogenoiis 

matter  and  nitrate,  Housbon-,  68d4^. 
PutrefactiTe  bacteria  affect  organic  matter  more  than 

"otffanio"  nitrogen,  ib.,  5&6-99. 
Putreuction  only  begins  when  oxygen  and  nitrate* 

used  up,'t&.,  5900-14. 
Amount  of  putrescibility  easily  tested,  ib.,  6915-7. 


FILTERS : 

Action  of  various  kinds  of  filtering  material,  Tatton, 

372.  •  „  ,.    .      : 

Furnace  slag  used  at  Exeter,  Thomsouy  1515^  1542.  . 
Artificial  filters.  Crimp,  1593-9,  1691-5. 
Cleansing  filters,  ib^,  163.6-7. 
Cost  of  best  filters,  ib.,  1641-5. 
Sludging  up  of  filters,  ib,,  1662-4^  1798-9. 
Effluent  channels  should  form  adfuncts,  ib.,  1677-9. 
Capacity  increased  by  draining,  Vameron,  2086-8. 
Cubical  pieces  of  coal,  best  material^  ib.,  2090-1. 
Experiments  with  different  materials,  Dibdin,  2170, 

2183,  3886-^,  3932. 
Construction  of  the  Ducat  filter,  Ducat,  2186,  2223-30, 

2261,  2263-87,  2352-66,  2378-80. 
Best  form,  Adeney,  2448-64. 
Description  of  various  filters,  Woedkead,  28 13-^7.  • 
Coal  as  a  i)urif ying  medium,  Garfield,  3408, 341 1^  3419. 
Construction    and    capacity    of    filters,  ib.,  3439-9, 

3474^  3483-90,  3495-3600. 
Durability  of  artificial  filters,  Roscoe,  3510. 
Loss  of  capacity  by   user,  il.,  3622-4,  3541-3,  3714- 

64,  3771-84  ;  Dibdin,  3812-5,  3908-31,  3949-98. 
Results  obtained   from   biological  and  coal    filters, 

Barwiee,  4030. 
Lowcock's  experimental  filter,  ib,,  4079-84. 
Scott-Moncrieff    and    other    filters,     Rideal,    4140, 

4219-27,  4249-53,  4424,  4440-60^  4467-72,  4489. 
Coke  practically  clean    after    eight    months    work, 

Wkittalcer,  4866-77. 
Carbonised  refuse  system,  Jogger,  4980-8,  490QL-E 
Coke  filters  in  use  ait  Accrington,  Whittaker,  b7(:n'Tl ; 

Newton,  5811-37. 
Work  well  without  remaking,  Whittaker,  6766-90. 
Polarite  as  material,  Candy,  6997-7015. 
Comparative  test  of  sand  and  polarite,  ib,,  7605. 
Clinker  is  attacked  by  the  sewage,  Harding,  7118-23. 
Grading  of  material  necessarv,  ib. ,  7166-6,  7213-25. 
Equally-sized  gravel  would  ao  well,  ib.,  7216-25. 
Material  should  not  be  friable,  ib.^  7219. 
Construction  of  trickling  filter,  ib,,  7355. 
Construction  of  coarse  Whittaker  bed.  ib,,  7362. 
Leeds  filter  of  10  feet  of  coke,  ib.,  7379-84,  7404-13. 
Ducat  and  Leeds  filter,  same  principle,  ib,,  7448. 
Practically  no  breaking  down  of  coke,  ib.,  7449-51. 
Artificial  filters  choke,   unless   sedimentation   used, 

Strachan,  7615. 
Polarite  best  material,  Hibbert,  7866-81, 
Matnietite  equally  good  if  sises  equal,   ib.,   7875-8, 

7939-1. 
Proportion  of  polarite  to  sand,  ib.,  7676-7,  7963. 
Clii^er  or  coke  not  so  good  as  polarite,  sd.,  793GU46. 
No  disintegration   in  polarite  after  five  years'   use, 

ib.,  7946*. 
Filter  more  effective  when  matured.  Fowler,  8555-63. 
Stoddart  patent  continuous  filter,  ib. ,  p.  466. 
Polarite  has  no  value  whatever,  Frantcland,  9944. 
Clinker  an  efficient  material,  ib.,  10063. 
"Saggers"  superior  to  clinkers,  ib.,  10067. 

See  aho  Contact  Beds  and  Filtration. 
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ROYAL  COMimSSION  ON   SEWAGE  DISPOSAL: 


FILTKATION  : 

Artificial   compared    with '  land    filtration,    Teuton^ 

25&-61,  403^20,  465-68. 
Systems    of    artificial    filtration,    t6.,    263-4,    270, 

290-300,  328-42,  349-70,  374-81. 
Precipitation  followed  by  filtration,  tb,,  270. 
Artificial   filtration,  ScitddeVy    505-14,    566-8,  610-8, 

769-68;  Wilson,  769, 
Intermittent  filtration.  Scudder,  628. 
Precipitation  and  artincial  filtration  used  when  land 

unobtainable,  Wilson,  1031-45. 
Leeds    experiments,   t6.,    1161-72,   1225-35,  1248-52, 

1364-71. 
Should  be  adopted  at  all  manufactories,  t6.,  1212. 
Not  dangerous  if  properly  conducted,  Tliomson,  1399. 
Artificial    filters  compared  with   best  land.  Crimp, 

1600-7,  1620-4,  1761-73,  1780-9. 
Aeration  constantly  necessary,  ib.,  1787. 
Experiments  with  sewage  effluents,  Dibdin,  2183. 
Mechanical    filters    useless    for    sewage,    Woodkead, 

2848-51. 
Double  filtration  compared  with  filtration  preceded 

b^  septic  tank,  ib.,  2934-49 
Artificial  filtration  better  than  land,  ih,,  2989-95. 
New    systems    of    artificial    filtration,    Frankland, 

3100-6. 
Action  of  filter,  Garfield^  3440-50,  3467-80. 
Maximum  rate  of  filtration,  t6.,  3482. 
Analyses  of  cinder,  coke,  and  land  filtrates^  Roscoe, 

3510. 
Land  and  artificial  filtration,  ib.,  3611-5,  3646-6. 
Artificial  filtration  plus  precipitation,  ib.,  3516-40, 3694. 
Nitrogen  in  filtered  effluents,  t6.,  3544,  3636-44. 
Filtration  without  precipitation,  ib.,  3788-^97. 
Continuous  dribbling  best  plan  for  artificial  filters, 

Barunse,  4077-8. 
Lomax's  system  of  intermittent  flushes,  t6.,  4085-94. 
Process  should  be  worked  continuously,  Rideal,  4141, 

4230-4. 
Undoubtedly  better  than  land,  ib,,  4186,  4426-8. 
Stoddart's  system,   Stoddart,  4999^118. 
Iron  always  a  difficulty  in  filter  beds,  Harrison,  5308. 
Fresh  sewage  cannot  be  treated  by    aerated    filter, 

Whittaher,  6766-6. 
Purification  obtained  by  coke  filters,   t&.,  5791-806; 

Newton,  684459. 
Settlement    necessary     after    filtration,     Whittaher, 

6607-10. 
Filftiraitioii  of  sepbic  tank  effluent,    Fowler,   5577-613. 
Brewery  refuse  requires  artificial  filtration,  Wilson, 

63704. 
Artificial  filtration  gives  good  effluent,  ih.,  6389-02. 
Whittaker's  apparatus  a  failure  at  Morley,  ih.,  6393- 

403. 
Filtifttion  not  elO^eofaLve  at  Bradford  at  times,   ib., 

64049. 
Solids  can  he  arrested  by  upward  filter,  Ckatterton, 

6609. 

Acreage  used  for  land  treatment  after  filtration,  ib. 
Area  of  arable   land    required    after    precipitation, 

Tatton,  657a 
Filtration  is  first  mechanical  then    biological,    ih., 

6688. 

Not  alwaya  reliaible,  ih.,  6789-92. 

Purity  of  effluent  depends  ohiefly  on  amount  of  filtra- 
tion, BoZf  our,  6000-6. 

Artificial  filtration  of  septic  tank  effluent,  Harding, 
7354. 

Construction  of  trickling  filter,  ih.,  7355. 

Surface  soon  becomes  choked,  ih.,  7356. 

Must  be  kept  open  to  get  good  filtrate,  ib.,  7368. 

Purification  effected  on  septic  effluent,  ih.,  7360. 

Analyses  of  filtrates  from  Whittaker  beds,  ih.,  7369, 
7369. 

Construction  of  coarse  Whittaker  bed,  7362. 

Choked  filters  would  recover  after  storms,  ih. .  7363^. 

Settling  tank  necessary  at  end  of  process,  ib.,  7366. 

Bxperimentw  witii  Ihicat  filter,  ih. ,  7370-2,  7406. 

Experiments  witii  triplicate  beds,  ih..  7374. 

Analyses  of  sewage  and  effluent,  ih.,  7376. 

Oomparatire  analyses  of  filtrates  from  contact  and 

'  continuous  filtration,  ib., 

Leeds  filter  of  10  feet  of  coke,  tb.,  7379-84,  740413. 

Analyses  of  results  obtained,  ih.,  7385. 

Besults  when  flow  increased,  ih.,  7386. 

Suspended  solids  usually  non-putrescible.  ih.,  7387- 
Of  ,  7430. 


Filtration — continued. 

Bistiiiot  defteniioraitxian  in  firosit,  id..  7392,  7415-7. 

Belative  merits  of  contact  and  tricJding,  ib.,  7394-8. 

Storm  water  useful  to  trickling  filters,  ih.,  ITffI,  7425.. 

Trickling  preferred  to  contact,  ib.,  7398. 

Physiological  tests  of  filtrates,  ib.,  7403. 

Cost  of  working  Whittaker  bed,  ib.,  7418-20. 

Coarse  Whittaker  bed  succesefully  washed  out,  i5.,- 
7421-6,  7496-501. 

Effect  of  storm  water  on  sprinklers,  i6.,  7426-9. 

Suspended  eolids  of  Whittaker  bed   effluent    found, 
putreecible,  ib.,  7430-4. 

Filtrate  from  Leeds  bed  passed  over  land,  ib.,  7436. 

Removal  of  iron  not  worth  the  cost,  ib. ,  7439-42. 

Side  aeration  of  filter  useless,  i5.,  7446-8. 

Ducat  and  Leeds  filter  same  principle,  ib.,  7448. 

Practically  no  breaking  down  of  coke,  ib.,  7449-51. 

Candy  sprinkler  prefened  to  Whittaker  or  Stoddart,. 
ih.,  7452-9. 

Leeds  filter  applicable  to  other  sewages,  ih.,  7460. 

Experiments  still  going  on,  ih.,  7465-8. 

Laxge  screen  always  essential,  Strachnn,  7581. 

Upward  screening  very  useful,  ib.,  7661-76. 

Difference  between  upward  screen  and  septic  tank^ 
ib..   7691-706. 

Artificial  filter  best  where  work  definite,  id.,  775J5. 

Filters  washed  out  every  week,    Hibhert,    7773-80-,. 
7861-4. 

Last  effluent  before  washing  the  best,  ih. ,  7774. 

Filters  worked  intermittently,  ih.,  7786-90. 

Effluent  from  t^k  not  passed  on  filter  unless  satis^ 
factory,  ib.,  7791. 

Average  analyses  of  Oborley  filter  effluent,  ih.,  7792- 
807. 

Ohorley  a  model  of  chemical  treatment  and  filtra- 
tion,  ih.,  7901-3. 

Filters  filled  in  one  minute,  ib.,  7954-6. 

Oxygen  absorbed  in  final  filtrate,  ib. .  7961. 

Cost  of  working  at  Chorlej,  ih.,  7965-72. 

Solids  go  out  of  solution  into  suspension,  ib.,  8041-7^ 

Distribution  of  septic  tank  effluent,  Fovier.  853442. 

Filtration  of  open  tank  effluent,  ib.,  pp.  463-5. 

Coarse  coke  better  than  septic  tanks,  Thresh,  8968. 

Sand  filtration  or  land  necessary  in  addition  to  bac- 
teria contact  beds,  HiU,  9053. 

Quantitv  more  important  than  quality,  Klein,  96149, 
9627^. 

Does  not  give  same  results  as  land,  ib.,  9724-5. 

Artificial    substantially  same  as    land,    Franldand, 

9ou0. 

Trickling  filtration  very  satisfactory,  «7>..  10000. 
Land  necessary  in  addition,  Voelckcr.  10160. 

See  also  Biolc^cal  Filtration  and  Precipitation. 


FISH : 

Carbonised  refuse  syeitem  effluent  sustadns  life,. 
Jogger,  4980. 

Thorough  treatment  necessary  where  effluent  passes- 
near  oyster  beds,  Chatierton,  6502. 

Effluent  from  contact  beds  supports  life,   Harding y. 

7058. 
Effect  of   sewage   on  fidi    and  shellfish,    Herdmany. 

8672-765. 

Effect  of  poisons  on  fish,  ib.,  8720^,  8766 
Colloidal  miaibbor  injurious  to  fi-e^h,  ib..  8726-39. 
Typfhoid  from  oysrtws  due  to  crude  sewage,  Ih.,  8746. 
Byelaws  under  Sea  Fisheries  Begulation  Act,  Telhamy 

8769. 
Oysters  and  shellfish,  ih. 
Salmon  fisheries,  ih. 
Injury  to  health  traced  to  shellfish,  ih. 
Poisoning  caused  by  eating  shrimps,  ib. 
Pollution  of  salmon  rivers,  ib. 
Effects  of  trade  effluents  upon  fish,  ih. 
Crude  sewage  near  shellfish  may  cause  injury,  ib.  „ 

8799. 
Sewage  injurious  to  salmon,  ih..  8802-4. 
Contaminated  shellfish  and  typhoid.  Thresh,  8863-7,. 

8927-36. 
Cockles  not  sterilised  by  steaming,  ih..  8869,  8895- 

903. 
Before  1894-5  no  suspicion  that  oysters  would  convey 

typhoid,  ib.,  8884-9. 
Effluents   should   be  discharged   far    from    shellfish 

layings,  ih.,  8894. 
Oysters  and  shellfii^  a  most  dangerous  medium  of 

infection,  ih.,  807485,  8998-4. 
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^isu— continued. 

Sevage  poliution  seriously  prejudicial,  HiU,  9034. 
ftSSLft^"^  '^^^re  efflueat  oiiemically  pure,  ib,  0047^, 

^^SUl^^  ^^^^  pollution  reduces  the  oxygen,  i6., 

*^^^S^  mussels  and  cockles  carry  typhoid  infection, 
Klein,  9613. 

"^S?^,^®  ^®^^  *^™  ti^  '^orks  fatal,  WiUiams, 
9819,  9868-9.  ' 

MiSBURY  OOMMITTEES : 

Established  a^out  a  dozen  years,  Pdham,  8823. 

BOWLER   GILBERT  J.,  m.sc.,  f.i.c.  (AYialysis  of  his 
Evidence.)  '^ 

Mandiester  experiments  in  bacterial   treatment  of 

sewage,  5442,  5462-576. 
Sewage  treated  by  chemical  precipitation,  5442-5. 
Sedimentation  without  chemicals  unsuccessful,  5443-6. 
Jbime  and  copperas  used  as  precipitants,  5446-7. 
XI  onnal  flow  of  sewage,  5448. 

^  per  cent,  sludge  obtained  by  precipitation,  5460-52 
Cioet  oi  working,  5453-6,  567M8 

T^^effluent  contains  impuritiee  in  solution,  5457-9, 
^o5al-6. 

Area  of  land  available  too  small  for  land  treatment, 
5460-2.  ' 

Experiments  with  small  bacterial  filters,  5463-76. 
Se^c  tank  better  as  a  first  process  antecedent  to 

filtration  thian  chemical  precipitation,  5476-9. 
£^>enmeats  with  closed  and  open  septic  tanks,  5480- 

Addition  of  lime  a  needless  expense,  5512-3. 
Average  solids  in  suspension,  5527-36. 
Accumulation  of  sludge,  5537-50,  5574. 
Amount  of  sludge  digested  in  septic  tank,  5545. 
Temperature  of  sewage  and  effluent,  5551-4  :  of  septic 

tank,  5556-62.  ^ 

Effect  of  dilution  of  sewage,  5563-5,  5668-64. 
No  nuisance  from  smell  of  tank„  5668-73. 
^  per  cent.,  of  gas  is  marsh  gas,  5572. 
J;iItration  of  septic  tank  effluent,  5577-613. 
Single  contact  results  not  always  within  the  Mersey 

and  Irwell  standard,  double  contact  always  below 

It,  5580-5,  5607. 

Experiments  with  contact  beds,  5586-606. 

MSxed  sinffle  and  double  oonifcact  effloietit  not  putre- 
factive, 5608-13. 

Experiments  with  Ship  Canal  water,  6609,  566B.  '- 

Silting  up  of  bacterifil  beds,  5614-Sn.. 

Reduction  of  capacity  by  consolidation,  5622-35. 

Beds  sfhould  be  so  watched  that  the  capacity  is 
never  let  fall  too  low,  5636-41,  5650-1. 

Area  rjid  material  of  experimental  beds,  5643-9. 

Area  roquisite  for  treatment  of  Manchester  sewage, 
Ou62-5. 

B^s  may  be  overworked  during  storm  if  rested  after, 
5656. 

Area  should  include  storm  beds,  and  reckon  normal 

flow  plus  first  dilution  after  rain,  5661-2. 
Power  of  self-purificatiOn  in  certain  effluents,  5664-5 
volume  of  storm  water,  5667-73. 
Cost  of  sewage  disposal  at  Manchester,  5676-88. 
Sewage  with  suspended  solids  cannot  be  dealt  with 

on  contact  beds,  5476-7,  8362. 
Digestion  of  suspended  matter  in  septic  tank,  8363-85. 
Removal  of  sludge  from  tank,  8386-92. 
AdvanUges  of  septic  tanks  in  series,  8393-400. 
^ases  proceeding  from  septic  action,  8401,  8423. 
Practically  no  nuisance  from  tanks,  8403-6. 
Anaerobic  action  aids  nitrification,  8407. 
Advantages  of  the  septic  tank,  8410-3. 
No  noticeable  difference  between  summer  and  winter 

working,  8432-5,  8547-50. 
Deposit  chambers  in  septic  tank,  8436. 
Storm  water  settled  and  passed  on  to  storm  bed  8438- 

46.  ' 

^^^ft^  *o  septic  sewage  will  not  purify  non-septic, 

^o^^o'J^iSi'^^  ^^  capacity  of  contact  beds,  8449-66, 
o4o3-505. 

No  loss  in  rouffh  cinder  bed  dealing  with  chemical 

effluent,  8472-78. 
Shallow  beds  preferable,  8479-83,  8516-33. 
Manchester  sewage  changed  greatly,  8506-11 
Manufacturers'  effluent  taken  into  sewers,  8512 
Mud  m  beds  is  absolutely  inoffensive,  8513-5. 
Distribution  of  tank  effluent  on  filters,  8534-42 
Pilinr:  up  of  the  beds,  8551-4. 
Nitrification  goes  down  if  top  layer  removed,  8562. 
Filters  more  effective  when  matured,  8565-63 
Record  of  working  of  bacteria  beds,  pp.  460-2 
1213. 


FowLBB,  GiLBZSLT  Jr-^continued, 

Filtration  of  open:  septic  tank  effluent,  pp.  463-6. 
Treatment,  in  closed  septic  tank  and  contact  beds,  pu 

466.  .        ..  .  *^ 

Removal  of  slddge  from  septic  tank,  ih. 
General  conclusions  regaixling  contact  beds,  ib..  n. 

467. 

Maijsteaiance.of  beds,  46. 

Stoddart  patent  continuous  filter,  t&. 

ConstructicOv  of  beds,  ib,  > 

Control  of  beds,  ib.       . 

Maintenance  of  beds — ^initial  period,  ib. 

Besting  periods,  ib. 

Work  upon  surface  of  bed,  p.  468. 

Washing  of  material,  ib. 

Treatment  of  storm  water,  ib. 

FRANKLAND,     Sir    EDWARD,  k.c.b.  (Analysis  of 
his  Evidence) : 

Royal  Commisiiion  on  River  Pollution,  1868,  2996. 

General  conclusions,  2998>3000. 

Definition  of  polluting  liauid,  3001. 

Standards  determining  character  of  effluents,  3002-7, 
3084-90. 

Watershed  should  be  dealt  with  as  a  whole,  3008^20. 

Mersey  and  Irwell  standard,  3011    . 

Tests  in  general  use,  3019-26,  3091-9. 

Constituents  of  peaty  water  harmless,  3027-52. 

Investigations  of  effluent  water,  3033-42. 

Offensive  decomix)sition  on  entering  river,  best  test, 
3041-2. 

Adequate  dilution  and  efficient  sand  filtration  neces- 
sary to  render  effluent  fit  for  drinking,  3043-8. 

Destruction  of  sewage  by  oxidation,  3049-59.. 

Filtration  through  bacteria  beds  might   effect  such 
destruction,  3060. 

Albuminoid  ammonia  process,  3061-8. 

Land     treatment     recommended     by    Commission, 
3069;-73.  { 

Bacterial  treatment  in  tanks  very  efficient,  3073-80. 

Land  treatment  cheaper  than  septic,  3081. 

Process   for  ascertaining    organic-  part  of  nitrogen, 
3082-3. 

New  sy.stems  of  artificial  filtration,  3100-6. 

FRANKLAND,    Dr.     PERCY    FARADAY,    f.r.8. 
(Analysis  of  his  Evidence). 

Experiments  in  sewage' dispoeal  at  Manchester,  9927. 
Septic  tank  followed  by  double  contact  recommended, 

9928-31. 
Bacterial  system  does  not  remove  the  bacteria,  9932-5. 
Land  and  artificial  filtration  substantially  the  same, 

9936. 

Land  does  not  require  so  careful  managenient,  9937. 

10072-24.  ' 

Polarite  has  no  value  whatever,  9944. 
Closing  tank  prevents  smell,  9945. 
Capacity  of  contact  beds,  9946-9,  9987. 
Great  advantage  to  have  nothing  to  do  with  crops, 

99&6-0. 

^^e  ^wage  cannot  be  dealt  with  on  contact  beds, 

Chemical  precipitation  does  not  bring  about  antiseptic 

conditions,  9954-8. 
Removes  a  large  proportion  of  bacteria,  9970. 
Effluents  should  be  free  from  suspended  matter,  9971 
Nuisance  from  tank  very  trifling,  9975-82. 
Not  much  iron  in  Manchester  sewage,  99834 
Material  of  contact  bed  should  be  graded,  9985-9. 
Oldham  beds  cost  £100  an  acre,  9994-7. 
Great  expense  where  material  graded,  9998. 
Trickling  filtration  very  satisfactory,  10000 
jLongevity  of  pathogenic  bacteria,  10001,  10014 

^^OM^r"*^"^  ^"^  sterilised  by  chemical  precipitation] 

No  practical  need  for  sterilisation,  10011-9,  10110. 

No  evil  result  from  filtered  Thames  water,  10011^ 

Micro-organisms  in  the  Dee,  10014-6,  10111-22 

Manchester  sludge  taken  out  to  sea,  10021 

La-nd  punficafcion  due  to  bacterial  agency,'  10023-6. 

Solids  dissolved  in  septic  tank,  10027-9 

»^ic  organisms  detrimenUl  to  pathogenic,  10031. 

F^h!!J!1T^i!''  if'  '"'^S^'  ^^  ^"«*y  weather,  10033. 
Evidence  of  the  Rivers  Pollution  Commission   ib 
Temperature  of  contact  beds,  10034. 

sS'lte.^''^'  ''''  *''.*  considerable  depth  in  th  . 

Peaty  watew  practically 'free  fix>m  nitrates,  10037 
Nitrifying  bacteria  sensitive  to  acid,  10038 
Chemical  analysis  of  effluents,  10040-1 
4  A 
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BOTAL  COMMISSION  ON  SEWAGE  DISPOSAL: 


FRANKLAin),  Dr.  Perct  Fasadat — continued, 

Qzjgen  abforbed  the  best  simple  test,  10044. 

Mamifsctoiers  refuse  should  be  kept  out  of  sewers  or 
discharged  uniformly,  10047,  10096-9. 

Standards  for  sewage  effluents,  10048^. 

Standard  laid  down  by  the  RiTers  Pollution  Commis- 
sioners, 10051. 

Overtaxing  causes  failure  of  beds  and  land,  10060. 

DifBbult  to  increase  area  of  luid,  1006L 

Clinker  an  effioieint  material  for  filters,  10063. 

No  likelihood  of  supply  failing,  ib, 

"Saggers"  superior  to  clinkers,  10067. 

Proper  supervision  essential  for  contact  beds,  10071. 

Land  requires  less  careful  supernsion,  10072-4. 

Land  slower  than  bacterial  aotion,  10075-8. 

Septic  effluent  treated  on  land  at  Birmingham  with 
suocess,  10079-84. 

Woildng  of  double  contact  beds,  10065-7. 

No  difficulty  with  Manchester  brade  refuse,  10088. 

Crude  sewage  blocks  u^  the  beds,  10069. 

Definition  of  broad  imgation  and  intermittent  flltva- 
traticm,  10094. 

No  diiEerence  in  principle,  10095. 

Trade  effluents  like  coal-tar  should  not  so  into  sewers, 
10096-9.  * 

*  Value  of  the  bacteriological  test,  10100-2. 

Bacillus  coli  not  proof  of  contamination,  10103-9. 

Effluent  passii^  into  drinking  stream  should  be  steri- 
lised, 10110. 

No  danger  in  passing  effluent  into  Manchester  Ship 
Canal,  10118-25.  ^ 

Nor  from  sludge  in  Mersey  estuaiy,  10126-7. 
Standard  for  drinking  water,  101^^. 
Effluent   from    fever    hospital  should    be  steriliged 

10146-50.  •w»nii8ea, 

FRIERN  BARNET : 

Contact  or  bacteria  beds,  Latham^  4605,  4647-83. 

FROST: 

Exeter     filters     not    affected    by   frost,    Camefxm, 
1913^4.  ^  >  , 

Working   of    bacteria    beds    during    frost,  Dibdin, 

2171-6. 
Danger  when  land  frozen,  Adeney^  2624. 
Bacteria    beds    work   satisfactorily,    Dibdin,  3798*- 

80(). 

Frozen  land  useless  for  purification,  RideaZ^  4170>d. 
Causes   no   difficulty   in    land   treatment,  Lathafn, 
4512-4.  ^ 

Very  hard  frost  will  affect  clay,  TaUon,  6612. 
Does  not  seem   to    affect  land,    Chatterton,    6266; 

Balfour,  6849-50. 
Effect  on  contact  beds,  Rarding,  7061. 
No  appreciable  deterioration  of  septic  tank,  ift.,  7258. 
Distinct  falling  off  in  filtration,  *.,  7392,  7415-7. 
Osuses  no  difficulty  in  garden  system,  Foort,  96^(0^-12. 

* 

FXJLHAM  experiments,  Adrian^  27,  33. 
FUNGUS : 

Sewage  fungus  better  test  than  chemical  analysis, 

Cnmp,  1722-55. 
Fungi  as  destructive  agents,  Ward^  2536. 
Sewage  fungus,  ib,,  2652-63. 
Fungus  and  green  weeds  as  a  test  of  puriiy,  i6., 

2564-5,2763-30. 

QABDEN  SYSTEM: 

Sewage     disposal     in    gardens,     Fi>ore,     9529-612; 

Wmiams,  9873-92. 
Not  likely  to  be  generally  adopted,  Vodeker,  10201-6. 
See  also  Poore,  George  Vivian. 

GARFIELD,  JOSEPH  (Analysis  of  his  Evidence) : 

Wolverhampton  Sewage  Disposal  Works,  3407. 

System  of  sewage  punfication,  3408. 

Analyses  of  effluents  from  filter,  ib. 

Analyses   of  effluents  from  precipitation  tanks  and 

cofiil  filters,  lb. 
Analyses  of  effluents  from  Lichfield  sewage,  ib. 
Coal  as  1^  purifying  medium,  tb. 
Analyses  of  effluents  at  Tipton,  ib. 
Construction  of  coal  filter,  3411. 
Size  of  coal  for  filter,  3419. 
Construction  of  filters,  3430-9,  3474. 
Action  of  filter,  3440-50,  3467-80.     ' 
Bacteriological  examination,  3451-61. 
Formation  of  albuminoid  ammonia,  3461-6. 
Maximum  rate  of  filtration,  3482    . 
Capacity  of  filters,  3483-90,  3496-3600. 


QAS: 

Gases  evolved  in  septic  tank,  Cameron^  1886-6, 193^ 

1963,  2006-10. 
Analysis  of  sewage  g^,  Woodhead,  2918-21. 
Oases    given    olf    in    cultivation    tank,   Manerief^ 

3361-3,  3381-5. 
Carbonic  acid  gas  in  septic  tank,  Bidealy  4135. 
Value  of  gas  from  septic  tank,  t6.,  4455-66. 
Gases  in  seUling  tank,  WkiWiker,  4802-8,  4926-40. 
90  per  cent,   in  septic  tank  is  marsh  gas,  'Fmdar^ 

6672. 
Test  for  bacillus  coli  and  enteriditis,  HotM(oi»,  5883. 
Oxygen  absorbed  equal  to  gas  generatdd,  IFMitdber^ 

6761,  5766. 
Oauses  nuisance  in  sentic  tanks,  TaiUm,  6741. 
Burned  at  the  tank,  i6.,  6743-6. 
20-candle  gas  made  from  sludge,  irt66erf,   7836-59^ 

8038-40. 
Gases  from  septic  action,  Fotoler,  8401,  8423. 

GLAMORGAN : 

Sewage  farms  not  properly  looked  after,    WWrnm^r 

9820,  9917-24. 
NoBivers  Board  in  Glamorsan,  f5.,  9822. 
Hhondda  and  Pontypridd  scheme  works  admirahlj,  9k 
Sewage  carried  into  the  sea^  i6.,  9823-6. 
More  joint  schemes  desirable,  t5.,  9826,  9833. 
Sewage  disposal  at  a  standstill  for  want  of  land,  ih,y 

9827-31.  9863,  9872. 
Cardiff  scheme  for  discharge  into  the  sea,  i5.,  9638. 
Garden  treatment  in   the  Yale  of  Glamorgan,  ih,^ 

9873-92. 

GREASE : 

Should  be  dealt  with  semratelv.  Moncrieff,  3122-5. 
Gives  rise  to  considerable  trouDle,  BidecU,  4144. 

(See  also  Trade  Waste.) 

GRIT  CHAMBERS : 

Means     of    arresting     detritus,    Cameron^     1868-9,, 

1946-56,  1990-5. 
Should  always  be  provided,  Dibdin,  3818-9. 

HANLEY,  STAFFORDSHIRE : 

''  Baoillite ''  sewage  works,  Hope,  4961-76. 

HABiDING,  COLONEL.    (Analysis  of  bis  £videnoe.> 

Sewage  disposal  works  ac  Knostrop,  Leeds,  7035. 
Combined  system  with  storm  overflows,  7037. 
Dry  weather  flow  16  million  gallons,  7038. 
Lime  precipitation  system  used  since  1874,  7039. 
300  tons  of  sludge  produced  daily,  7040. 
Sludge  is  valueless,  and  costly  to  drv,  7041. 
Chemical  precipitation  must  be  followed  by  filtra- 

tion,  7042-4. 
Expenments  in  biological  treatment,  7045-57. 

Deep  beds  better  than  shallow,  706u. 

Two  hours  beet  time  for  beds  to  stand  full,  7063L 

Condition  of  sewage  as  put  on  beds,  7067. 

Analyses  of  crude  sewage  and  filtrates  fiam  contact 

beds,  7058-60. 
Effluent  supports  fish  life,  7068. 
Effect  of  fiost  on  the  beds,  7061. 
Temperature   of    sewage,    atmosphere    and    Dibdia 

beds,  ib. 
No  nuisance  from  contact  beds,  7062. 
Steady  loss  of  capacity,  7063. 
Variations  in  capaci^-table,  ib, 
Oauses  of  loss  of  capacity,  ih. 
Screening  and  washing  material  very  costly,  7064. 
Analysis  of  the  accumulations,  7065. 
Large  digestion  notwithstanding  accumulations,  70%,. 

7193-200. 
Single  contact  bed  results  do  not  reach  the  stariard,. 

7067. 
Area  of  contact  beds  required,  7068. 
Contact  filtration  impracticable  unless  sewage  first 

settled  or  passed  through  septic  tanks,  7069,  7201-9,. 

7226-31. 
Manufacturers   should   settle    solids    at  the   works,. 

7069. 
Dissolved  oxygen  not  more  than  2  c.c.  per  litre,  7074^ 
Due  to  passing  through  second  bed,  7080. 
Matter  in  susi>ension  varies  greatly,  7081-8. 
Continuous     working     rapidly     reduces     capamfy,. 

7089-91. 
Six  feet  beds  give  good  results,  7092. 
Storm  wiator  could    be  dealt  witii    by    InnrsiiCiJ 

fiUings,  7093-6. 
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fiABDIKO,   COLONKL— COIl/miMC^. 

Beds  designed  to  take  three  fillings  per  day,  7096-0. 
Cbmpoutwn  of  solids,  7101-9,  7176. 
Sludge  gi^n  away  to  bxiqueite  makers,  7110-5. 
Iron  takes  np  oxygen  which  would  go  to  nitrifica- 
tion, 7116. 
CHinker  i«  attacked  by  the  sewage,  7118-23. 
Shallow   beds  do   not  reduce   period    of     aeration, 

7127-35. 
Bate  of  filling  most  important,  7136-64. 
Much  depend  on  amount  of  suspended  solids,  7164. 
Ondin((  of  filter  material  necessary,  7165-6,  7213-25. 
Reduction  of  capacity  due  to  shif ting  of  material, 

7167-71. 
No  seriouB  lose  of  capacity  in  fine  beds,  7175. 
Fizvt  flush  from  eecond  bed  putreecible,  7185. 
Water  retained  by  sludge  causes  loss  of   capacity, 

7187-92. 
JSqually-sixed  grayel  would  do  well  for  filters,  7216-25 
Material  should  not  be  friable,  7219. 
Capacity    not  maintained  unless  solids    thoroughly 

setded,  7232-42. 
^ptic  tank  experiments,  7243. 
Analyses  of  ^uents  from  open  and  closed  tanks, 

7245. 
Development  of  action  in  a  septic  tank,  7246. 
Most  e£FecdYe  rate  of  flow,  7247. 
Form  oi  tank  not  important,  7248. 
Advantages  of  tanks  in  series,  7249. 
Sludge   should    be    removed    at    intervals,    7250-2, 

7286-8,  7292. 
Sludge  not  very  offensive,  7253. 
Ajnount  of  digestion  of  deposited  solids,  7254. 
Nature  of  sludge  or  deposit,  7256. 
Ajialysis  of  sewage  and  tank  eflluent,  7257. 
Severe  frost  shows  no  appreciable  deterioration,  7258. 
Scum  a  useful  non-conducUir,  t&. 
Scum  has  no  effect  on  gas  or  effluent,  2259. 
Septic  action  in  stagnant  tanks,  7260. 
Yidue  of  tanks  in  sewage  tre&tment,  7261. 
Area  required  for  Leeds  sewage,  7263. 
Rapid  mm  prevents  solids  settling,  7270-83. 
Same  results  from  open  and  closed  tanks,  7284-5. 
And  fxom  tanks  in  series  or  independent,  7294-303. 
Series  more  convenient  for  removal  of  sludge,  7304. 
Less  colloidal  solids  in  tank  than  in  sewage,  7308-19. 
Destruction  of  fibre  very  slow,  7320-2. 
Difference  in  temperature  of  closed  and  open  tanks 

very  slight,  7322*. 
Action  different  in  summer  and  wintar,  7326. 
Increase  of  temperature  might  increase  the  action, 

7327-3a  ^.,    . 

Flow  may  be  increased  with  storm  water  dilution, 

7331-3. 

Eight-acre  tank  quite  possible,  7334. 

Sludge  might  render  it  impracticable,  7335-6. 

Could  be  covered  by  grass  on  ecum,  7339. 

Scum  sometimes  disappears,  7339-43. 

Sq[»tic  action  takes  place  in  sewers,  7347-9. 

Tanks  should  hold  twice  thtf  normal  flow,  7350-2. 

Artificial  filtration  ol  septic  tank  eflluent,  7354. 

Construction  of  trickling  filter,  7355. 

Surface  soon  becomes  <£oked,  7356. 

Must  be  kept  open  to  get  good  filtrate,  7358. 

Purification  effected  on  septic,  effluent,  7360. 

Analysis  of  filtrate  from  Whittaker  bed.  ib. 

Construction  of  coarse  Whittaker  bed,  7362. 

Choked  filters  would  recover  after  storms,  7363-5. 

Settling  tank  necessary  at  end  of  process,  7366. 

Analyses  of  filtrates  of  coarse  Whittaker  bed,  7369. 

Bxperimente  with  Ducat  filter,  7370-2,  7406. 

Experimenta  with  triplicate  beds,  7374. 

Analysis  of  sewage  and  effluent  from  triplicate  filter 
used  as  contact  beds,  7376. 

Comparative  analyses  of  filtrates  from  contact  and  con- 
tinuous filtration,  ib.  ^.       -      t. 

Construction  of  the  Leeds  filter  of  lOft  of  coke, 
7379-84,  7404-13. 

Analysis  of  resulte  obtaineil,  7385. 

Resulte  when  flow  increased  to  400  gallons,  7386. 

Suspended  solids  usually  non-putrescible,  7387-82, 

7430. 
Distinct  falling  off  in  frosty  weather,  7392,  7415-7. 
Relative  merits  of  contact  arid  trickling  filtration, 

7394-8 
Storm  water  useful  to  trickling  filters,  739?,  7485. 
Trickling   preferred   to   contact,    antecedent   septic 

action  not  necessary,  and  likely  to  cause  a  nuisance, 

7398 
Bacteriological  features  of  Leeds  experiment^  7401. 
Biological  method  of  determining  punty  of  effluents, 

7402». 
121S. 


Hasdino,  Cohovvir—conUnvecL 

Physiological  testa  of  effluenta  and  filtrates,  7403l 
Cost  of  working  Whittaker  bed,  7418-20. 
Coarse  Whittaker  bed  successfully  washed  out»  7481-8. 
Effect  d  storm  water  on  sprinklers,  7426-29. 
Suspended  solids  of   Whittaker  bed  effluent  found 

putreecible,  7430-4. 
Filtrate  from  Leeds  bed  passed  over  land,  7436^ 
Removal  of  iron  not  worth  the  cost,  7430-42. 
Side  aeration  of  filter  useless,  7446-8. 
Ducat  and  Leeds  filter  same  principle,  7448. 
Practically  no  breaking  down  of  coke,  744ML 
Candy  sprinkler  preferred  to  Whittaker  or  Stoddaiti 

7452-9. 
Leeds  filter  applicable  to  other  sewages,  7460. 
Septic  tank  necessary  for  domestic  sewage,  7461-4. 
Experimento  in  septic  tanks  and  trickling  filtntioa 

still  going  on,  7465-8. 
Mersey  and  Irwell  limit  takes  out  all  dyes,  7471-6. 
Value  of  the  three  testa  separately  or  togiiher. 

7476-83. 
Final  test— will  effluent  putrefy  ?  7484-6. 
Workman  can  use  incubator  test,  7487. 
Mersey  and  Irwell  standard  quite  satisfactory,  7488-9. 
Except  with  unsettled  effluenta,  7490-4. 
Percentage  of  suspended  solids,  7494-6. 
Mineral  matter  can  be  washed  out,  7501. 

HARRISON,  W.  H.,  b.sc.     (Analysis  of  his  Evidence.) 

Precipitation  of  iron  in  sewage  by  lime,  5260*-76. 

Use  of  flocculent  residue  in  gas  works,  5262-71,  5808* 
5300. 

Value  of  residual  iron  salts,  5277-84,  5301-8. 

Potassium  permanganate  much  more  costly  precipi- 
tant than  lime,  5287-97. 

Diiticultv  with  iron  in  filter  beds,  0308. 

HARROGATE : 
Sewage  tarm,  Bagshaw,  5394-439. 

HEALTH  : 

Public   Health   Acts,   1848-75,   Adinan,  20,  67-8,  70, 

80  90. 
Report  of  Board  of  Health,  1854,  ib.,  24-5. 
Injury  from  sewage  in  rivers,  ib,,  49. 
Mismanaged    sewage    farms    ii\]urious    to    health, 

WiUon,  1019-20. 
Eflfect  of  river  pollution,  IFi/wwi,  12a3-8. 
Sore  throat  prevalent  where  sewage  emanations  wont, 

Threahy  8M0-6. 
Alesei's  experimenitB  with  regard  to  typhoid,  ib.,  8861. 
Sewage  emanations  lower  vitality  of  people  living 

near.  Hill,  9030. 
Nausea  from  sulphuretted  hydrogen,  ib.,  9031-6. 

HENDON : 

Analysis  of  sewage  and  effluent  from  filter,  Duoai^ 
2188-91. 

HERDMAN,     PROFESSOR.       (Analysis  of  his  Bvi- 
dence.) 

Sewage  effluento  in  tidalwaters,  8671. 

Effect  of  sewage  on  fish  and  shellfish,  8672-765. 

Pathogenic  organisms   lower   vitality  of  fish,  8674, 

8754-7. 
Raw  shellfish  impregnated  with  sewage  injorioos, 

8675-7,  8603-4,  8703-8. 
Sewage  less  dangerous  in  the  open  sea  than  in  river, 

8690. 
Effluent  passing  over  oyster  beds  should  be  effectually 

purified,  8695,  8746. 
Effect  of  poisoas  on  fish,  8720-5,  8766. 
Colloidal  matter  injurious  to  fish,  8726-39. 
Should  bo  removed  from  effluent,  8740. 
Typhoid  from  oysters  due  to  crude  sewage,  8746. 

HIBBBRT,    ALDERMAN    H.    F.      (Analysis  of  his 
Evidence.) 
Chorley  sewage  and  sewage  works,  7761,  7809,  7901-3, 

7949-52. 
Precipitetion  tenks  hold   about  twice  dry  weather 

flow,  7763. 
Tai^s  cleared  every  other  filling,  7767. 
Ferrozone,   ferral,  and  alumino-ferric  used  as  pre- 

cipitants,  7770,  7823-33. 

Fermi  preferred,  7771-2.  

FQters  washed  out  every  week,  7773-80,  7861-4. 
Last  effluents  before  washing  the  best,  7774. 
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HiBBEKT,  Aldebhan  H.  ¥,— continued. 

9^r8  work^  intennittently,  7786-dO. 

Effluent  from  tanks  not  passed  on  filter  nnless  satis- 

iftctory,  7791. 
Average  analyses  of  filter  effluent^  7702-807. 
'Kibble  Oommittee  prefer  albuminoid  ammonia  test, 

7800-5. 
Mersey  and  Irwell  prefer  oxygen  absorbed ,  ib. 
Storm  water  treated  in  tanks  up  to  3  volumes,  7809-23. 
First  20  minutes'  rush  sent  through  filters,  7813. 
Effluent  considerably  under  Kibble  standard,  7834. 
20-cakdle  gas  made  from  sludge,  7836-59,  8038-40. 
.  (Farmers  pay  9d.  or  Is.  a  load  for  it,  7848,  7860. 
Polarite  best  material  for  filter,  7866-81. 
Magnetite  equally  good  if  «izee  equal,  7875-8,  7930-1. 
Frt^rtion  of  polarite  to  sand,  7876-7,  7953. 
<     Formation  of  Kibble  Committee  a  wise  step,  7882-7. 
Condition  of    Lancashire  riyers   improvea   through 

action  of  the  Boards,  7885,  7895-900. 
Rivers  committees  should  be  compulsory,  7888. 
Committees  should  work  to  same  standard,  7889. 
Present  standard  should  be  adopted,  7890-4. 
Chorley  a  model  of  chemical  treatment  and  filtration, 

7901-3. 
Quiescent  settlement  of  solids  superior  to  continuous 

flow,  7904-29. 
Clinker  or  coke  not  so  good  as  polarite,  7932-46. 
No  disintegration  in  polarite  after  5  years*  use,  7946*. 
Filters  filled  in  one  minute,  7954-6. 
Oxygen  absorbed  in  final  filtrate,  7961. 
Cost  of  working  at  Chorley,  7965-72. 
Best  means  of  disposing  of  sludge,  7973-8040. 
Solids  go  out  of  solution  into  suspension  in  the  filter^ 

8041-7. 

• 

HIGHWAY  DRAINS :  Adrian,  11. 

HILL,    THOMAS  EUSTACE.      (Analysis  of  his  Evi- 
dence.) 

Sewage  and  manufacturing  refuse  in  tidal  waters, 

9029-47. 
Condition  of  the  river  Wear,  9030-47. 
Nuisance  lowers  vitality  of  people  living  near  it,  9030. 
Seriously  prejudicial  to  fish  life,  ib. 
Nausea  from  sulphuretted  hydrogen,  9031-6. 
Sewage  not  treated,  discharged  at  all  tides,  9037-40. 
f^ishery  Board's  complaints  of  pollution,  9041-7,  9065. 
No  danger  to  fish  where  effluent  chemically  pure, 

9047-50,  9054-8. 
Pathogenic  organisms  scarce  in  raw  sewage,  9051. 
Sand  filter  or  land  necessary  in  addition  to  bacteria 

contact  tanks,  9053. 
Fish   suffer   where    pollution   reduces    the  oxygen, 

9055-6. 
Death  of  cattle  through    drinking    polluted    water, 

9060-3. 
Village  sewage  passed  into  watercourse,  9066-70. 
Chemical  re&se  should  be  carried  out  to  sea,  9071. 
Albuminoid   ammonia  and    oxygen   absorbed    tests, 

9075-89. 
JBffluent  should  not  decompose  on  standing,  9090-1. 
Putrefying  effluents  always  contain  nitrates,  9092. 
Standaid  for  effluent  going  into  drinking  streams, 

9101-7. 
. '  S«wBge  should  be  discharged  at  ebb-tide  only,  9104. 
Relief  from  nuisance  under  Alkali  Act,  9109-12. 
Land  treatment  must  be  well  managed,  9113-7. 
Effluent  from  bacterial  treatment  dangerous  in  drink- 
ing streams,  9118-20. 
Sewage  should  be  treated  before  discharge  into  tidal 
;'    waters,  9121-5. 
Ulva  latissima  a  nuisance  in  Robin  Hood.  Bay,  9123-5. 

HOPE,  A.  P.,  r.c.B.    (Analysis  of  his  Evidence.) 

**  BaciUite  "  sewage  purification  process  :  description  ; 

works  at  Hanley,  Staffordshire,  and  King's  Heath, 

near  Birmingham,  4961-5,  497879« 
System     destroys    all    pathogenic    cerm^,    4966-71, 

4974-5. 
Sludge  pressed  and  thrown  out  on  land,  4972. 
Effluent  does  not  putrefy,  4976. 

HOUSTON,  Dr.,  and    McGOWAN,  Db.  (Analysis  of 
their  Evidence.) 

Chemical  and  bacteriolo^ioal  tests,  5866-52. 
Gas  test  for  bacillus  coh  and  enteriditis,  5883.     '  * 
Fermentability-  due    to   radio    between  ni^ogenous 
matter  and  nitrate,  5884-5.  >  r 


Houston,  Dr.,  and  McGtowAN,  Dr.— c<wifin?«af. 

Putrefactive  bacteria  affect  organic  matter  qaore  th 

"  organic  "  nitrogen,  5886-99. 
Putrefaction  only  begins  when  oxygen  and  nitrsts» 

used  up,  5900-14. 
Amount  of  putrescibility  easily  tested,  5915-7. 

HUDDER*SFIELD  : 
Experiments  in  filtration,  Boscoe,  3788-97. 

INOUBATOB: 

Description  of  the  incubator  test,  Scudder,  5088. 
Oxygen  absorbed  test  used  after  it,  t5.,  5990. 
Systematic  determination  of  the  nitrates,  ib.,  5091-7. 
Method  of  determining  the  nitrites-  and  nitxiktes,  ib., 

5998-6014. 
Maximum  incubation  in  3  to  5  days,  t&.,  6005*10. 
Agrees   with  the   other  tests  within   broad   limits. 

ib.,  6011. 
All  used  in  testine  effluents,  ih. ,  6012-3. 
Nitrates  oonsumea  if  oxygen  absorbed  over  half  » 

grain  to  the  gallon,  ib,,  m)63-9. 
Some  drinking  water  will  puftrefy  in  incubator,  ib.^ 

6073-5. 
See  aUo  Tests. 

INDIA: 

Disposal  of  night  soil,  Vodcker,  10163-4,  10196-200, 
10207-8. 

INSPECTION : 

Would    insure    carrying    out  of  schemers    WHton^ 

1355-63. 
Duties    of    inspector   under   Rivers   Pollution   Act> 

Cwphey,  1806-10. 
Independent    inspection    should     be    provided,  »&.. 

1816-9. 

IRELAND  : 

Differences   between  English  and  Irish  Acta,  Deane^ 

241. 
Rivers  Pollution  Prevention  Act,  id.,  242. 
Practice  of  Local  Government  Board,  t^.,  243. 
Fisheries  not  under  Board  of  Trade,  Pelham,  8817-22: 

IRON: 

Precipitation  from  sewage  effluents  by  lime,  Hani- 

son,  5B60*-76. 
Use  of  floccttlent  residue  in  gas  works,  ib.,  5262-71,. 

5298-300. 
Value  of  residual  iron  salts,  ib.,  5277-84,  5301-8. 
Potassium    permanganaite    much    more    oosUy 

cipitant  than  lime,  ib.,  5287-97. 
Difficulty  with  iron  in  filter  beds,  ib.,  5308. 
Takes   up  oxygen  which  would  go  to  nii 

HardiriQ,  7116. 
Not  w6rth  the  cost  of  removal,  ib.,  7439-42. 
See  also  Trade  Waste. 

IRRIGATION.    See  undei-  Land  Filtratiop. 

ntWELL: 

High  death  rate  not  due  to  pollution.  Thresh,  9008- 

14. 
See  also  ]Mersej  and  IrwelL 

J  AGGER,  H.  B.     (Analysis  of  his  Evidence:) 

Purification  by  carbonised  refuso— description  of 'th* 
process  and  works  at  Baildon — advantages  claimed 
— analyses  of  sewage  and  effluent,  4980-98. 

KING'S  HEATH  : 
"BaciUite"  sewage  works,  Hope,  4961-76. 

KINGSTON  : 
A.JB.C,  sewage  works,  SUlarf  513(^206. 

KLEIN,   EDWARD  EMANUEL,  1£.d.,   p.b-s.     (Ana* 

'lysis  of  his  Evidence.) 

Bacterial  contained  in  sewage  ;  results  of  expetimsiitft. 
1.  Typhoid  bacillus  demonstrated  in  sewage. 
Z.  B.  coli  not  always  hAcniless.  ., 

.  3.  S^res   of   B.   Enteriditis  haye .  caused  epid^i|sie 
diarrhoea. 
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Klxin,  Edwabd  Emanuel— (M)nttfiuecf. 

4.  B.  psemdo  taberculosis  occurs  in  sewage. 
'     5.  B.  Pyogenes  cloacinns  not  of  frequent  occurrence. 

6.  Cholera  vibrio  found  in  sewage. 
'  7.  Oysters,  mussels,  and  cockles  carry  typhoid  in- 
fection. 

8.  Pathogenic  microbes  do'  not  indefinitely  retain 
their  vitality ;  passage  of  effluent  into  rivers 
should  be  delayed,  9613. 

Quantity  of  filtration  more  important  than  quality, 
9614-9,  9627-30. 

Anthrax  caused  by  dipinking  infected  water,  9620-6. 

Experiments  with  typhoid  bacilli,  9631-45,  9657. 

Ditto,  colon  bacilli,  9646. 

Ditto,  cholera  vibrio,  9647-62,  9729. 

Examination  of  effluents  from  septic  tanks,  9663-7L 

Sterilising  effluents  by  heat,  9674-7. 

Danger  of  pathogenic  bacteria  in  sewage  effluents, 
967^-88    9693-9. 

Habitat  of  the  bcM^illus  coli,  9700-14,  9726-43. 

Land  a  very  good  medium  for  destroying  pathogenic 
organisms,  9715-23. 

Artificial  filter  does  not  give  same  results,  9724-5. 

Propagation  of  disease  through  cows  drinking  pol- 
luted water,  9744-50. 

Amount  of  B.  coli  best  test  of  pollution,  9752-70. 

Distribution  of  B.  enteriditis,  9771-811. 

Change  in  milk  by  butyricus  and  B.  enteriditis,  9784- 
802. 

Heat  the  best  destructive  agent,  9812-7. 


LAND: 

Difficulty  of  procuring  suitable  land,  TatUm,  262, 

279,  287-9  ;   Wilson.  1029-30. 
Clay    land    unsuitable    for    sewage  works,   Tattoti, 

280-6,398-403. 
Clay    not    a    very    efficient    purifier,  Scudder,  609, 

674-8. 
Clay  land  generally  unsuitable,  NayloVy  943-62. 
Clay  land  almost  useless,  Wilson,  ip04-6. 
ClaV  land  unsuitable,  t6.,  1320-3. 
Different  soils  used  for  sewage,  CHmp,  1570-85. 
*  Ashes  added  to  clay  land  make  surface  an  artificial 

filter,  i6.,  1634-5.  1653-61,  1702-5,  1738-48. 
Capacity  of  land  for  treatment  of  crude  sewage,  t6., 
.      1646-52,  1665.  1697-1706,  1710-21. 
Clay  gives  one-iourth  work  of  best  laud,  ib,^  1701. 
Derbyshire    stiff  clay   unsuitable,    BarwiHy  4022-9, 

4119-29. 
Requirements    of    Local    Government    Board,    %h,y 

4038-40. 
Frozen  and  water-logged  land  useless  for  purification, 

Rideal,  4170-3,  4177. 
Frost  causes  no  difficulty,  Latham^  4512-4. 
Area     required    depends    on    quality,    t^.,    4515-6, 

4665-4672. 
Waterlogging  not  detrimental  unless  permanent,  i6., 

4517. 
Capacity;    for    purifying  by    broad    irrigation    and 

precipitation,  t6.,  4661-4. 
Efi'ect  of  under-drainage,  iL.  4671-2. 
Some  kinds  quite  unsuitea   for    purifying    sewage, 

WiUon,  6136,  6166. 
Area  of  clay  lamd  requii^  is  enormous,  i&.,  6136. 
Very  hard  clay  scarcely  nurifies  at  all,  t&.,  6137. 
Soil  can  be  improved  by  digging  out,  burning,  or 

mixing  with  cinders,  i6.,  6140. 
Coat  per  acre  for  bumdng  jmd  replaaing,  $6.,  6142-6. 
Reverts  to  original  condition,  i6.,  6147,  6157. 
Land  turned  into  artificial  filter  or  bacteria  bed  often 

does  well,  i&.,  6150-6. 
Makes  great  difference  if  ballast  well  burned,   :6., 

6159-60. 
Suitability  of   soil   depends  upon  its  porosity,  %b,, 

6167-70. 
Value  of  gravelly  soil  depends  upon  the  drainage,  t&., 

6171. 
Subsoil  should  be  drained  at  least  3  ft.,  ?&.,  6172-4. 
When  subsoil  water  near  surface,  will  not  purify, 

Chatterton,  6425. 
Should  be  laid  out  in  plots,  ih. ,  6429-31. 
Clay  and  peaty  land  unsuitable,  i&.,  6432-3. 
Properly  screened  town  refuse  greatly  improves  land, 

f6.,  6462-fi.-    -. 
If  good  and  well  managed,  will  not  deteriorate,  ih., 

6470-3. 


Land — continued. 

Arable  areas  required  for  direct  treatment,  after  pre- 
cipitation, and  after  filtration  on  bacteria  beds, 

Tatton,  6678. 
All  kinds  will  purify  domestic  sewage,  ib. ,  6579. 
Heavy  clay  will   purify  by    broad    irrigation,     ib,, 

6580-3.    ' 
Ashpit  refuse  improves  land,  i&.,  6606-11. 
Very  hard  frost  affects  clay,  ib.,  6612. 
Can  be  used  indefinitely  if  well  managed,  /&.,  6618- 

25.      ^ 
Suitability  of  land  to  purify  sewage,  i&.,  6632. 
Underdraining  necessary  for  peat,  ib.,  6635. 
Clay  should  not  be  underdrained,  i&.  f  6638. 
Subsoil  water  should  be  5  feet  deep,  ib.,  6672-9. ' ' 
Area  must  be  reckoned  for  storm  water,  ib.,  6680-2. 
Area  under  sewage  extended  to  take,  storm  water, 

/6.,  6808-2L 
No  advantage  in  keeping  plots  for  storm  water,  ib., 

6814-21. 
Purities  in  proportion  to  its  porosity,  Balfour,  6842. 
Natural  better  than  artificially  prepared,  ib,,  6848. 
Frost  does  not  seem  to  affect  land,  tb,,  6849-80. 
Proportion  of  population  to  the  acre,  ih.,  6858-6C[. 
.    All  land  should  be  underdrained,  ib,,  6880-5. 
Clay  land  apt  to  ci*ack,  ib.,  6883. 
All  kinds  will  purify  sewage.    Strachan,  7623-4. . . 
Will  take  3,000  to  30,000  gallons  per  acre,  ib,  7625^, 

7757-54. 
Clay  purifies  very  slowly,  Mawbey,  8094. 
Sewage  held  up  by  the  clay,  ib.,  8097-102. 
Sewage  disposal  at  a  standstill  for  want  of  land, 

Williams,  9887-31,  9863,  9872. 
Requires  less  careful  supervision  than  contact  beds, 

Frankland,  9937,  10072-4. 
Difficult  to  increase,  ib,,  10061. 
Suitability  of  various  soils,   Vodcker,  10173,  10210-7. 
Heavy  clay  soil  should  not  be   anderdrained,*  ib., 

10215. 

LAND  FILTRATION: 

Open  irrifi^ation  system  at  Edinburgh,  Adnan,  9,  .33. 
Compared    with   artificial   filtration.  Tat  ton,  259-61, 

403-20,  456-68. 
Treatment     by  land     filtration,  ib,,  270;     Scudder, 

515-9,  563*-70.  609,  664-78  ;    Wilson,  769. 
Precipitation  and  land  filtration,  Taiton,  270. 
Result  of  treatment  varies  greatly,  yaylor,  963-70. 
Result     satisfactory    when    land    suitable,    Wilson, 

1013-16. 

Mismanaged  sewage  farms  injurious  to  health, ««/'., 

1019-20. 
Broad  irrigation  not  always  best,  ib.,  1179-94,  1209, 

1342. 
Artificial  filters    compared    with  best    land,   Crimp 

1600-7,  1620-4,  1761-73,  1780-9. 
Three-land  treatment,  tb.,  1608-14,  1616. 
Purity  attained  by  land  treatment^  i^.,  1615,  1761. 
Comparison    of    results    obtained    by    bacteria  l)ed 

Dibdin,  2169. 

Recommended   by  Rpyal  Commission,  1868,  Frank- 
land,  .3069-73. 

Would  prefer  land  treatment  where  sufficient  land 
was  available,  ib,,  3081. 

Land  and  artificial  filtration,  Hoscoe,  3M1-5,  3545-6. 

Application  of  crude  sewage  to  land,  ib,,  3547-53. 

Broad  irrigation  and  intermittent  land  filtration,  ib.^ 
3702-13. 

Pathogenic     organisms    survive     land      treatment  : 
Bideal,  4181-5. 

Patent  and  land  processes,  Latham,  4505. 

Pathogenic  organisms   cannot   get  through  land,  ib., 
4522-24,  4705-14. 

Comparative  value  of  land   and   bacteria   betls    ib 
4696-700. 

Land  becomes  sewage  sick,  1  day's  flow  in  12  too  much, 
Edson,  5361-7. 

Gives  best  effluent,  Scudder^  5972,  6076-83. 

But  area  must  be  adequate,  ib.,  6084. 

Minimum  volume  of  sewage  and  good  management 
required,  ib.,  6065-7. 

Difference  between  broad  irrigation  and  inteitmittent 
filtration.  WiUon,  6179^;   ChatteHon,  6426-8. 

Difference  oetween  intermittent  and  artifi^oial  filtra- 
tion only  in  material,  Wiison,  6188-9. 

Frost  does  not  seem  to  affect  filtration,  ib,,  6266. 

Trade  refuse  can  be  dealt  with,  ib,,  6310. 

Qooi  management  essential,  ib,,  6375-9:  Chatterton, 
6482. 
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Lakd  YiLTRATiov—contintted. 

Serwiage  should  xuot  be  put  directly  ayer  underdrainB, 

Chatterton,  6431-3. 
One-fifth  of  land  under  sewage  at  a  time,  i&.,  6467-0. 
Land  necessary  in  addition  to  baoterial  filters,  ib., 

6484. 

Crude  sewage  a  nuisance  unless  area  very  laige,  ib., 
6505-8. 

Broad  irrigation  requires  large  area,  ib.f  6611-5. 

Definition  of  broad  irrigation,  Tattony  6581,  6752, 
6767-8 ;  Sfrachan,  7508-12 ;  Mawbey^  8109» ;  Frank- 
land,  10004. 

Effect  on  area  of  6  to  8  volumes  of  storm  water, 
Tatton,  6584. 

Areas  required  for  1,000  persons,  <&.,  6585. 

Preliminary  treatment  lessens  area  required,  ib,, 
6680. 

Raw  sewage  may  cause  a  nuisance,  i&.. 

Land  not  necessary  after  bacteria  beds,  ib. ,  6630. 

Solids  on  surface  will  cause  a  nuisance,  ib.,  6685. 

Sewage  not  always  purified  by  land,  ib.,  6780-08. 

Crude  sewage  should  not  be  put  en  land,  Balfour, 
6843. 

Land  only  purifies  in  proportion  to  its  porosity,  ib., 
6842. 

Sewage  should   receive  preliminary  treatment,   tb., 

Cropping  assists  purification,  ib.,  6851. 

No  decreasing  effect  found  in  intermittent  filtration, 
ib.,  6856-7. 

Bequires  preliminary  removal  of  9olids,  Strachan, 
7617-22,  7607. 

Best  for  inland  sewiage,  if  land  plentiful,  ib.,  7626. 

Smell  very  offensive  at  times,  mofwhey,  8083,  8206. 

Intercepting  drains  for  succeseive  irrigations,  ib,, 
8005-6. 

Double  and  triple  surface  irrigation,  ib.,  8103-0. 

Purification  by  'broad  irrigation,  ib.,  8110-2,  8125. 

Overworked  land  rapidly  deteriorates,  ib.,  8122-4. 

Ifecessary  in  addition,  to  bacteria  contact  beds,  HiU, 
0053. 

Must  be  well  managed,  and  land  suitable  and  suffi- 
cient, ib.,  0113-7. 

Oarden   system  of    sewage  disposal,  Poore,  0520-612. 

Medium  for  destroying  pathogenic  organisms,  Klein, 
0715-23. 

Garden  treatment  in  the  Yale  of  Glamorgan, 
WiUiams,  0873-02. 

Substantially  same  as  artificial,  FranMand,  0d36. 

Purification 'due  to  bacterial  agency,  ib.,  1O025-6. 

Overtaxing  causes  failure,  ib.^  10060. 

Slower  than  bacterial  action,  ib.,  10075-8. 

Septic  effluent  treated  with  success,  ib.,  10070-84. 

Definition  of  broad  irrigation  and  intermittent  filtra- 
tion, ib.,  10004. 

^o  difference  in  principle,  ib,.  10006. 

"Necessarv  in  addition  to  artificial  filtration,  VoeUker, 

10160. ' 
"Suitable  land  at  reasonable  cost  preferred  to  other 

ncethods,  ib.,  10177-88. 
3ianufacturing  refuse  gives  great  difiiculty,  ib.,  10231. 

>  See  also  Se-wage  Fairms. 

LATHAM,  BALDWIN,  c.e.,  m.i.c.e.,  <fec.  (Analysis  of 
his  Evidence) : 

General  sketch  of  sewage  question,  4505. 

Patent  processes  and  natural  or  land  processes,  ib. 

Sewage  farm  at  Norwood,  ?7>.,  4646-51,  4673. 

Filters  or  contact  beds  at  Friern'  Barnet,  &c.,  4505, 

4547-63. 
Samples  of  effluent,  4505. 
Experiments  at   Manchester,   ?7y.,   4508,    4528,  4551, 

4564. 
Analysis    of   Bilston    and   Carshalton  sewage,  4505, 

4537-46,  4644-5. 
"Septic  method  and  bacteria  beds,  4505. 
Storm  water  exceedingly  difficult  to  deal  with,  4507, 

4529-36,  4652-9. 
Not  injurious  to  filter  beds,  4508-11. 
Frost  causes  no  difficulty  in  land  treatment,  4512-4. 
Area   of  land  required    depends  on  quality,  4515-6, 

4665-72. 
"Waterlogging    not    detrimental    unless     permanent, 

4517. 
OonUct  filters  better  than   land   treatment,  4520-1, 

4552-3. 
P/ithogenic    organisms    cannot    get    through    land, 

4552-4.  4705-14. 
Not  likely  to  get  through  artificial  beds,  4525. 
Contact  beds  do  not  act  by  filtration,  4526-8. 


Latham,  Baldwin— cofamtMd. 

Mersey  and  Irwell  stcmdard,  4573-5. 

Loss    of    capacity    of    contact  beds  by  silting   up, 

4586-4628. 
Sludge  removed  to  extent   of   one-half  by  sedimen- 
tation, 4628-33. 
Continuous     filtration     combined     with     aeration, 

4634r-7. 
Septic  tanks  compared  with  contact  beds,  4638-43. 
Capacity  of   suitable  soil  for   purifying  sewage  by 

broad  irrigation  and  precipitation,  4661-4. 
Effect  of  under-draining,  4671-2. 
Period  of  rest  for  contact  beds,  4677-82,  4692-5. 
Maximum  sewage  treated,  4683-91,  4723-30. 
Comparative   value    of    land    and    bacteria    beds, 

4696-700. 
Value  of  crops  on  sev^ige  farms,  4701-4. 
Sewage  farms  in  relation  to  health,  4705-11. 
Effluent  from  contact  beds  fit  for  drinking,  4715- 

4731-48. 
Provided  limit  of  sewage  treated  not  exceeded  as  at 

High  Wycombe,  4723-30. 

LEEDS: 

Experiments  in  filtering,    Wilson,    1161-72,  1225-35, 

1248-62,  1364-71. 
Leeds  coarse  beds,  Dtbdin,  2170. 
Results  of  work,  ib.,  2176-83. 
Exi)erimental  treatment  of  manufacturing  refuse,  ib. 

p.  127. 
Analysis  of  crude  sewage  and  effluent  from   sewage 

H7orks  ^h    T)   1^2 

Experiments  with  A.  B.  C.  process,  SiOa/r,  SL40u53, 

5204. 
Experiments  in  precipitation  of  iron  in  sewage  by 

lime,  RarriMn,  5a60*-30e. 
Sewage  disposal  works  at  Ejiostrop,  Harding,  703GL 
Comlbined  system  with  storm  overflows,  ib..  7097. 
Dry  weather  flow,  16  million  gallons,  to.,  7038. 
Lime  precipitation  used  since  1874,  ib.,  7039. 
300  tons  of  sludge  produced  daily,  ib.,  7040. 
Area  of  contact  beds  required,  ib.,  7068. 
Septic  tank  experiments,  ib.,  7243,  7468w 
Area  required  for  Leeds  sewage,  ib.,  7263. 
Experrments  wdth  trickling  filters,  t&.,  7365-468. 
Leeds  filtor  of  10  feet  of  coke,  ib.,  737902.  7404-13, 

7448-51,  7460. 
Bacteriological  features  of  experiments,  ib.,  7401. 
Filtrate  froon  Leeds  bed  passed  over  land,  tb.,  74S6. 

See  also  Harding,  Oolonel. 

LEIOESTEB : 

Amount  and  nature  of  sewage,  Maicbey,  8052-80. 

Area  of  sewage  farm,  ib,,  8(»1. 

No  injury  to  health  from.  farm,  ib.,  8066. 

Method  of  purification,  ib.,  8095-109. 

Extent  of  purification,  ib.,  8110-2,  8125. 

Farm  worked  at  great  loss,  ib.,  8113-7. 

Bacteriological  experimenite,  ib.,  8128-360. 

Septic  action  not  suitable  as  antecedent  treatment  to 

land,  ib.,  8324. 
Analysis  of  results  of  experiments,  ib. ,  App.  439-51. 

See  also  Mawbey,  Enoch  George. 

LETTS,  PBOFBSSOR  K  A.,  d.sc,  ph.d.    (Analysis  of 
his  Evid^ice.) 

Sewage  effluents  in  tidal  water,  8573*. 

Ulva  latissima  in  Belfast  Lough,  8574. 

Occurrence  of  this  seaweed  in  polluted  sea  wa.er,  A., 

Experiments  on  sewage  mixed  with '  sea-water,  ib., 

Belfast  sewage  flows  with  ebb-tide  only,  8576-8. 

Weed  only  grows  on  foreshore,  8579-82. 

Nuisance  in  Belfast  simply  appalling,  8584,  8636. 

Current  very  sluggish,  85^-8. 

Weed  used  as  manure,  8501-6. 

Only  offensive  when  wet,  8507-60L 

Increased  growth  since  sewage  discharged  into  Lough, 

8602,  8613. 
Practically  no  nitrates  in  effluent,  8603-11,  86204. 
Lough  should  be  purified  by  starving  the  seaweed, 

8625-0. 
Dibdin  beds  in  contact  with  the  weed  suggested,  ib., 

8646-9. 
Zostera  marina  disappearing,  8642-5. 
Methods  of  determining  oxygen  absorbed,  8650-4. 
Permanganate  test  mispleading,  8655-65. 
Albuminoid  ammonia  more  highly  thought  of,  8666. 
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UME: 

Aotion    on    tri-methrl-amine     produces     sterilising 

agent,   TToOMm,  5222-38. 
Psrecipitates  iron  in  sewage,  Harrison,  5260*-906. 
Used  with  copperas  as  precipitant  at  Manchester, 

Fowler,  6446-7. 
Addition  to  septic  tanks   a  needless   expense,   ib., 

5512-3. 
Used  at  Leeds  since  1874,  Harding,  7030. 
Efflnents  could  be  sterilised  by  lime,  Thresk,  9007. 
Experiments  with  chlorinated  lime,  ih,,  8008-16,  8038. 
lime  cheapest  but  produces  sludge,  ih.,  8017-26. 
Sometimes  useful  to  soil  of  sewage  farm,   Voeleker, 

10104-5. 

8u  aiao  Precipitation  and  Settlement. 
LIMITS  OF  IMPURITY.    See  under  StandArds. 

LOCAL  AUTHORITY : 

Powers  regarding  disposal  of  sewage,  Adrian,  81-2. 
Separate  or  combinea  action,  ib,,  83-9,  123-43. 
Restrictions,  ib,,  95. 

Litigation  respecting  admission  of  refuse  into  sewers, 
ib.,  98. 

LOCAL  GOVERNMENT  ACTS,    1858  AND  1861  : 
Adrian,  38,  41. 

LOCAL  GOVERNMENT  BOARD : 

Constitution,  Adrian,  66. 

Restrictions  affecting  central  authority,  ib.,  96. 

Practice  of  Board  prior  to  1873,  ib.,  104-6. 

Ptesent  practice,  io,  107-8. 

Board  does  not  supervise  local  schemes,  ib.,  144-7. 

Powers  of  Board  in  Scotland,  Mwray,  185. 

Practice  in  dealing  with  schemes  of  sewage  disposal, 

ib.,  203-10,  214-17. 
Practice  in  Ireland,  Deane,  243. 
Requirements  with  respect  to  land,  Bamnse,  4038-40. 
The  Board  and  patent  rights,  ib,  4042-53. 
Should  keep  public   informed  on   sewage  disposal 

question,  i6.,  4129. 

LONDON : 

Select  Committee,  1864,  ilrfj-tan.  48-9,  116. 
Metropolitan  system  of  sewage  aisposal,  ib.,  72. 

MAIDSTONE : 

Bacterial  treatment  of  sewage  containing  manufac- 
turing refuse,  Dibdin,  p.  128. 

MANCHESTER : 

Sewag^  compared  with  Exeter,  Scudder,  645-56. 
Experiments  with  sewage  effluent,  Roscoe,  3607. 
Experiments    with    bacteria    beds,    Latham,  4505, 

4508,  4528,  4551,  4564. 
Experiments   in  bacterial  treatment,   FowUr,  6448- 

576. 
Normal 'flow  of  sewage,  ib.,  5448. 
Cost  of  working,  ib.,  5453-6,  5676-88. 
Area  requisite  for  treatment,  ib.,  5652-5. 
Volume  of  storm  water,  ib.,  5667-73. 
Cost  of  sewage  disposal,  ib.,  5676-88. 
Suggested  sewage  scheme,  Stracha/n,  7633-45. 
Sewage  changed  ^eatly.  Fouler,  8506-11. 
Manufacturers'  effluent  taken  into  sewers,  ib.,  8512. 
Experiments  in  sewage  disposal,  Frankland,  9927. 
Not  much  iron  in  the  sewage,  ib.,  9983-4. 
Sludge  taken  out  to  sea,  ih.,  10021. 
No  difficulty  with  trade  refuse,  ib.^  10068. 

See  also  Fowler,  Gilbert,  J.  ;  Frankland,  Percy  F. 

liANOHi^l^EB  SHIP  CANAL : 

Water  purified  by  addition  of  equal  volume  of  contact 

bed  effluent,  Fowler,  5600,  5666. 
No  danger  in  passing  effluent  into  Canal,  Frankland, 

10118-25. 

MANUFACTURING  REFUSR    See  Trade  Waste. 

MANURE: 

Value  of  sediment  and  filtrate,  Cameron,  1916-23. 
Effluent  has  very  high  manurial  value,  Jhtcat,  2208- 
16. 

See  aHeo  under  Sludge. 

MASSACHUSETTS  EXPERIMENTS : 

Scudder,  510,  533  ;     WiUon,    769 ;     Cameron,  2078  : 
Dibdin,  2169  j  Moncrieff,  3111. 


MA^VBEy,  E:<0CH  GEORGE.    (Analysis  of  h*s  Evi- 
denoe.) 

Leicester  sewage,  8052. 

Nature  of  trade  refuse,  8053. 

Sewage  slightly  alkaline,  ib. 

Maniifactuiers  treat  their  liquids  by  catch  pits   and 

gratings,  8054-62. 
Domestic  sewage  settled  before  passed  on  to  farm, 

8053-6,  8293. 
Storm  water  on  partially  separate  system,  8067. 
Double  dry  weather  flow  treated,  8068-71. 
Overflows  arranged  for  2in.  rainfall  in- 24  hours,  8072-61 
Equal  to  12  or  16  times  normal,  8077-80. 
A^a  of  sewage  farm,  8061. 
Smell  very  offensive  at  times,  8083,  8296. 
No  injury   to  health  or  to   grazing   stock,   8065-93^ 

8283-92. 
Land  is  stiff  yellow  clay,  with  6in.  to  a  foot  of  soil, 

8094. 
Land  prepared  with  intercepting  drains  for  successive 

irrigations,  8095-6. 
Sewage  held  up  by  the  clay,  8097-102. 
Purifir-ation  by  triple  or  doufblc  surface  irrigation. 

8103-9. 
Definition  of  broad  irrigation,  8109*. 
Extent  of  purification  bv  broad  irrigation.  8110-2^ 

8126. 
Farm  worked  at  great  loss,  8113-6. 
First  duty  to  purify  the  sewage,  3117. 
Sewage  farmer  must  be  skilled,  8118-21. 
Overworked  fami  rapidly  deteriorates,  8122-4. 
Objects  of  bacteriological  experiments,  8128,  8350-60. 
Description  of  exi>erimental  plant,  8132-56,  8281. 
And  of  17  exx)eriments  or  proceesei,  £157-282,  8304- 

49. 
Nuisance  f  A)m  settling  tanks  when  worked  too  long,. 

8295. 
Very  free  subsidence  in  the  first  tanks,  8299. 
Septic  action  not  suitable  for  Leicester  sewage  as  an- 
tecedent treatment  to  land,  8324. 
Sewage   experiments    at    Beaumont    Leys    farm — 

analyses,  pp.  439-50. 
Water  capacities  of  clarifying  bacteria  beds,  p.  451. 

MERSET: 

No    danger    from    sludge    in    estuary,    Franldand, 
10126-7. 

MERSEY  AND  IRWELL  ACT  : 
Adrian,  111-5,  131,  135,  142. 

MFJISEY    AND    IRWELL    WATERSHED    COM- 
MITTEE : 

Object  of  Committee's  work,  Tatton,  256. 
Standard    of    purity   for   trade  effluents,  ib.,  257-8, 
305-8,  345-8,  387-90 ;     Frankland,  301 1 ;    Latham, 
4573-5. 
Systems    of     artificial     filtration,     Tatton,    259-64, 

290-300,  328-42,  349-70,  374-«l,  403-20,  455-68. 
Differences    between     Rivers    Pollution     Prevention 

Act  aiid  Mersey  and  Irwell  Act,  ib.,  265-9. 
Treatment  of  sewage  by  different  methods,  ib.,  270. 
Action  with  regard  to  manufacturers,  ib.,  271-5,  309- 

15,  343-4,  382-94,  428,  430,  470-8. 
Standards  under  Act  appear  to  be  elastic,  ib.,  276-8^ 

318-22. 
Difficulty   of  procuring   suitable   land,  t^.,  262,  279, 

280-9,  398-403. 
Works  for  purification  of  trade  effluents,  ih.,  316,  391. 
Admission    of  trade   waste   into   sewers,  ib.,  323-7, 

448-52. 
Standard  of  "  best   practicable   means,"  ib.,  421-53  ; 

Fra/nkland,  3011  ;  Latham,  4573-5. 
Proceedings  against  local   authorities  and  manufac- 
turers, Wilsofn,  769. 
Standard  should  take  account  of  nitrates,  Scudder, . 

5993. 
Provisional  standard  most  convenient,  ih.,  6020,  6116- 

20. 
Might  be  made  more  stringent  later  on,  ih.,  6021-2,. 

6092-6. 
Not  fully  adopted  yet,  ib.,  6049. 
Is  a  gooa  and  workable  limit,  t&.,  6050-1. 
Should  be  adopted  generally,  t&.,  6068-91. 
I^refer  oxygen  abeorbed  test,  H^ibert,  7880-5. 
Rivers  Committer  should  be  compulsory,  ih.,  7888. 
Should  woric  to  same  standard,  ih.,  7889. 
Present  standard  should  be  adopted,  t5.,  7890-4. 

MICRO-ORGANISMS.    See  under  OrgajasmB. 
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MILK: 

impure  milk  supply,  Threshj  8986-91. 
Change  by  butyriciu  and  B.  enteiiditis,  Klein,  9784- 
802. 

MQNCRIEFF,  W.  D.  SCOTT    (Analysis  of  his  Evi- 
dence) : 

Liquefaction    of    organic    products  in    long  sewers, 

3108. 
Action  of  micro-organisms  in  land,  3110. 
Massachusetts  experiments,  3111. 
Description  of  Scott  Moncrieff  apparatus,  3113-21, 

3201-4,  3223-40. 
Grease  should  be  dealt  with  separately,  3122-35. 
Organic  sludge  negligeable,   3136-8,   3141,    3155-64, 

3179,3285-6. 
Method  of  dealing  with  sludge,  3138-47. 
Intake  of  sewaffe,  3148-54. 
Cultivation  tanks,  3165,  3178,  3361-3,  3381-5,  3394- 

3406. 
Description  of  process,  3173-5. 
Duplication  or  grouping  of  tanks,  3176,  3181. 
Nitrifying  channels,  3177-83. 
Towcester  installation,  3184-5. 
Analysis  of  effluent,  3186-90,  3200. 
Advantages  of  complete  mineralisation,  3190,  3200. 
Effect  of  dilution  with  rain  water,  3192-7. 
Results  obtained  at  Aylesbury,  3208-10. 
Aerobic    and    anaerobic    processes,  3213-9,    3280-4, 

3374-7,  3386-93. 
Stages   of    mineralisation    by   nitrifjdng  organisms, 

3222. 
Experiments   at    Caterham,    3241-58,    3272-9,  3290- 

3314,  3326-80. 
Standards  of  purity,  3259-71. 
Application  of  system  on  large  scale,  3315-25. 
Provision  for  removal  of  sludge,  3327-30,  3342. 
Storm-water  overflow,  3348-50. 
Formation  of  ammonia,  3351-8,  3371-2. 
Gases  given  oflf  in  cultivation  tank,  3361-3,  3381-5. 
Experiments  with  Ashtead  bacillus,  3372-9. 

HORLEY: 

Land  unsuitable,  replaced  by  artificial  filters,  Wilson, 

6138. 
Would  not  purify  even  after  chemical  precipita.tion, 

ib.,  6139. 
Could  be  improved  by  digging,  burning,  or  cinders, 

t6.,  6140. 
Area  36  acres  for  3,000,OOD  gallons  a  day.  ib.,  6141. 
Continuous    filtration    by   Whittaker's   apparatus    a 

failure  at  Morley,  ib,,  6393-403. 

MURRAY,  A.  (Analysis  of  his  Evidence) : 

Leading  statutes  in  Scotland,  163-99. 

Rivers  Pollution  Acts,  164-66,  218-24. 

Public  Health  (Scotland)  Act,  1897,  168-92. 

Powers  a^  to  sewage  works,  168-9. 

Utilisation  of  sewage,  170. 

Financial  provisions,  173-83. 

Combination  of  local  authorities,  184. 

Powers  of  Local  Government  Board,  185. 

Rights  of  inhabitants  and  manufacturers,  186. 

Purification  of  sewage  before  discharge,  187-91, 211-3. 

Burgh  Police  Act,  1892, 193. 

Local  authorities  of  burghs,  194. 

Provisions  of  Act  as  to  sewers,  195. 

Alkali  Works  Regulation  Act,  199. 

Professor  Rankine  on  river  pollution,  i/>.,.  226. 

Local  Acts,  200-2. 

Water  of  Leith  Sewerage  and  Purification  Act,  200, 

235-7. 
Glasgow  Sewage  Act,  201-2. 
Practice  of  Board  in  dealing  with  .schemes  of  sewage 

dis)X)8al,  203-10,  214-7. 
Common    law   of    Scotland    with  reference  to  river 

pollution,  225-33. 
Bucc!eUj'i(Dukeof)  v.  Papermakers  on  the  Enk,  230. 

NATIVE  GUANO  Company's  process,  SiUar,  5134-206 

NAYLOR,  WILLIAM,  a.m.lce.,  f.c.s.     (Analysis  of 
his  Evidence) : 

Ribble  Joint  Committee  formed  in  1891,  80C). 
Enforcement  of  provisions  of   the  "  Rivers  Pollution 

Prevention  Act,  1876,"  808. 
Agreement  with  chemical  trades,  809. 


Natlob,   Wiluam.    (Analysis  of  his  Evidence)— coik 
tinned. 

Paper  trades  dealt  with  separately,  810-5. 

Special    difficulties    attending  working  of   the  1876 

Act,  817. 
Difficulties  of  fixing  standards  for  effluents,  820-1. 
Dilution  of  effluents  with  river  water,  822-7. 
Sludging  of  mill-dams  and  reservoirs,  ^28-31,  872-6; 
Delay  of  proceedings  under  the  Act,  832. 
Methods  of  treatment  of  sewage,  833. 
Yeovil  sewage  strongest  known,  834-41. 
Dangers  of  pollution  decreasing,  842-5. 
Dnr  processes  introduced  in  several  industries,  843. 
Industries  do  not  suffer    through   administration   of 

Act,  844. 
Number  of  pollutions  with   which  Joint  Committee 

have  to  deal,  846-52. 
Albuminoid    ammonia    standard    of    purity,    853-9, 

891-915,  923,  928-9. 
Biological    treatment    of    sewage,     860-9,    877-82, 

933-6. 
Paper-makers  Association  and  the  Joint  Committee, 

883-90. 
0)mplaints  of    differential    treatment   according   to 

locality,  888,  939-42. 
Comparative    value    of   albuminoid     ammonia   and 

oxygen  test,  891-916,  928. 
Precipitation  of  matter  suspended  and  in  solution, 

917-22. 
Effluent  sewage  should  be  neutral  to  litmus,  924-6^ 
Conmiittee's  test   not  quite   same  as  in  Mersey  and 

Irwell  watershed,  928-32 
Results  of  different  methods  of  treatment,  930-1. 
Galvanisers'   pickle    would    have    deleterious    effect 

on  biological  system  of  treatment.  937-8. 
Clay  land  generally    unsuitable    tor    sewage    treat- 
ment, 943-62. 
Result  produced   by  land   treatment   varies  greatly, 

963-70. 

NEWTON,  W.  J.    (Analysis  of  his  Evidence.) 

Description  of  filters  at  Accrington,  5811-37. 
No  serious  accumulation  in  filter,  5840. 
Accumulation  would  be  washed  out  by  storm,  584L 
Purification  obtained  by  filtration,  5844-5Q. 


NIGHT  SOIL : 

Disposal    in    India,     Voddcer,    10163-4, 
10207-8. 

Value  in  agriculture,  t^.,  10164. 


10196^200, 


NITRIFICATION  : 

Description  of  process,    Woodhead,  2870-^7  ;  Bideal, 

4149-59,  4239-59. 
Iron  takes  up  oxygen  which  would  go  to  nitrification, 

Harding,  7116. 
Aided  <by  anaerobic  action,  Fowler,  8407. 
€k>es  down  if  top  layer  of  bed  removed,  ib.,  8552. 
Effluents  contain  less  nitrates  during  frost,  Frank- 

land,     10033. 
Action  goes  on  to  oonsidemJble  depth,  f'^.,  10036. 
Peaty  waters  free  from  nitrates,  V6.,  10037. 
Nitrifying  bacteria  sensitive  to  acid,  ih.,  10038. 

NORWOOD  Sewage  Farm,  Latham,  4646-51,  4673. 

NUNEATON : 

Precipitating  tanks,  Cosham,  4958-60. 

OLDHAM : 

Contact  beds  cost  100{.  an  acre,  FranUand,  9094-7. 

ORGANISMS  : 

Micro-organisms   contained   in    effluent    from  septic 

tank,  Thonisony  1390,  1479-85,  1492-4. 
Pathogenic   organisms   {Miss   through    septic  tank  in 

very  small  proportion,  ib.,  1393-6,  1436,  1508-13. 
Micro-organisms,  influence  of,  after    filtrate  reaches 

river,  Cameron,  2124-5. 
Organisms  in  filters,  ib.,  2139,  2141-5. 
Micro-organisms  in  sewage  and  effluent,  YTard,  2537 

Woodhead,  2950-65. 
Action  of  micro-organisms  in  land,  Moncrieff,  3110. 
Decomnosition  of  sewage,  Hoscoe,  3510. 
Anaerooic  and  aerobic  organisms,  ib. 
Vegetable  organisms,  ib. 
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Oboanibms — eontinuecL 

•    Faihogenic  organisms  in  sewage,  Hoscoe,  3645-59, 3665, 

Btdeal,  4148,  4235-8,  4344-8,  4354*-76 ;   Barwi^e; 

4111-6. 
Organisms    other   than   bacteria    in  filters,  Dihdin^ 

3880-5. 
Pathogenic     organisms     survive     land      treatment, 

Ri6kaZ,  4181-5. 
Organisms   in   filtrate    and    effluent,    t6.,    4335-76, 

4475-8. 
Inoculating     filters    with     special    organisms,    t6., 

4488-90. 
Pathogenic    organisms    cannot    get    through    land, 

LaMam,  452-2-4,  4705-14. 
Pathogenic  organisms  lower  vitality  of  fish,  Merdman, 

8674,  8754-7. 
Bacterially  treated  effluents  contain  most  organifims 

of  raw  sewage,  Thresh,  8891-3,  8905-6. 
Effluents  always  invariably  contain  a  large  number 

of  organisms,  t&.,  8956-7. 
Padiogenic  organisms  scarce  in  raw  sewage,  HiU, 

9051. 
Pathogenic  organisms  do  not  indefinitely  retain  their 

vitality,  Klein,  9613,  9678-88. 
Danger  in  sewage  effluent,  t&.,  9678-88,  9693-9. 
Land  a  very  good  destructive  medium,  i&.,  9715-23. 
Artificial  filter  does  not  give  same  results,  ih.,  9724-5. 
Heat  the  best  destructive  agent,  id.,  «hi  j  7. 
Micro-organisms   in   the  Dee,    FramJdandy    10014-6, 

10111-22. 
Soptic  organisms  detrimental    to    pathog^oic,    ih., 

10031. 
See  also  Bacteria. 

OSSETT : 

Land  cost  1401.  an  acre  for  burning  and  replacing, 

Wilson,  6142-6. 
Besult  bad,  relapsing  to  original  condition,  ih.,  6147. 
Sewage  highly  acid  in  reaction,  ib.,  6148. 
Effect  of  land  treatment  consequently  very  slight, 

ib.,  6149. 
Land  began  to  revert  in  two  years,  ih.,  6157. 

OVERFLOWS.      See  under  Storm  Water. 

.OXIDATION  : 

Destruction    of    sewage    by    oxidation,    Frankland, 

3049-69. 
Oxidation  of  organic  matter,  Roscoe,  3510. 

OXYGEN : 

Comparative    value    of    albuminoid    ammonia    and 

oxygen     tests,     Naylcn-,    891-915,     928 ;      Wilson, 

1197-1202,  1:^76-82. 
Process  of  sewage  purification,  Adeney,  2384. 
Part  played    in    decomposition    of    sewage,  Roscoe, 

3510. 
Absorption  by  various  organisms,  ib. 
Oxygen  absorbed  from  permanganate  test,  Scudder, 

5930-L 
Standard  solutions  employed,  ih.,  5934. 
Method  of  carrying  out  the  process,  ih.,  5934-49. 
Strength  of  the  permanganate,  ih.,  5935-6. 
Action  of  the  permanganate,  ih.,  5955-6. 
Test  affected  by  presence  of  ferrous  iron,  i5.,  5957-8. 
'60^  F.  a  convenient  temperature,  ih.,  5959-64. 
Whole  effluent  taJEen  for  the  test,  ih.,  5865-7. 
Oxygen  attacks  the  soluble  matter,  ih.,  6963-6. 
Test  used  after  incubator  test,  ih.,  5990. 
Agrees  with  the  other  t^sts  within  broad  limits,  ih., 

6011. 
All  used  in  testing  effluents,  ih.,  6012-3. 
Sufficient  except  where  dilution  has  taken  place,  ib., 

6059-62. 
Oan  be  used  by  working  men  who  are  not  chemists, 

ih.,  6132-4. 
Methods  of  determining    oxygen    absorbed,    Letfs, 

8660-4. 
Permanganate  test  misleading,  ih.,  8655-65. 
See  also  Tests. 

OYSTERS.      See  under  Fish. 

PATENTS : 

Local   Government   Board   and   patent  right?.  Bar- 
wise,  4042-53. 
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PATHOGENIC  ORGANISMS.   See  under  Organisms. 

PEEBLES   V.   OSWALDTWISTLE    Urban   District 
Council:  Adrian,  99-103 ;   Wils(yn,  770-4, 795-8; 

PELHAM,  THE  HON.  THOMAS  HENRY  WILLIAM. 
(Analysis  of  hia  Evidence.) 

Views  of  the  Board  of  Trade  on  discharge  of  sowage 

and  sewage  effluenta  into  tidal  waters,  8768. 
Bye-laws  under  Sea  Fisheries  Regulation  Act,  8769. 
Prohibition  of  deposit  of  refuse,  io. 
Oysters  and  shelMsh,  ib, 
Salmon  fisheries,  ih. 

Injury  to  health  traced  to  shellfish,  p.  491. 
Poisoning  caused  by  eating  shrimps,  i&. 
Sewer  outfalls  on  foreshore,  p.  492. 
Pollution  of  salmon  rivers,  p.  493. 
Complaints  regarding  pollution  of  tidal  waters,  p. 

494. 
Reports  and  documents  regarding  experiments,    ib. 
Effects  of  trade  effluents  upon  fish,  ih. 
Board   has  power  to  prevent  works   on   foreshore, 

S770-6,  87&-8,  6830. 
No  power  over  sewage  discharged  pursuant  to  general 

or  local  Act,  8777-86. 
Or  over  local  sanitary  authority,  8787-9,  8809-11. 
Crude  sewage  near  shellfish  may  cause  injury,  8790. 
Sewage  injurious  to  salmon,  8802-4. 
Pollution  of  tidal  waters  and  estuaries,  8805-7. 
Board  should  have  power  to  exercise  supervision  over 

outfalls,  8813-6. 
Fisheries  in  Ireland  not  under  Board,  8817-22. 
Fishery  Committees  established  about  a  dozen  years, 

8823. 

PERMANGANATE  TESTS.     See  under  Oxygen  and 
Tests. 

PIMLICO  Experiments,  Adi-ian,  27,  33. 
POLLUTION.    See  River  Pollution.. 
PONTYPRIDD.     See  under  Rhondda. 

POORE,  GEORGE  VIVIAN,  m.d.,  f.r.c.p.    (AnalysU 
of  his  Evidence^) 

Experience  in  connection  with  domestic  sewage,  9529. 
Putrescible  refuse  should  not  be  mixed  with  water, 

ib.,  9580-L 
Refuse  should  be  dealt  with  on  the  surface  of  the 

ground,  9529. 
Conversion  of  fiecal  matter  into  soil,  ib.,  9533. 
Rain  retards  conversion,  9529,  9536,  9566. 
Garden  disposal  of  excreta,  9629,  9637,  954^7. 
No  pollution  of  well  in  garden,  9529,  9565-9. 
Disposal  of  slop  water,  9529,  9571,  9585-9,  9597-601. 
System  not  practicable  in  cities,  9530-2,  9582. 
Conversion  is  an  oxidation  process,  9539-41. 
Dry  closets  should  be  emptied  daily,  9542,  9592-6. 
Acreage  of  garden  required  for  1,000  people,  9556. 
No  difficulty  about  removal  of  fosces,  9559. 
System  suggested  for  a  rural  village,  9561-4. 
More  difficult  on  clay  soil,  9574. 
Sewage  disposal  in  China,  9576. 
Chemicals  or  tar-products  should  not  be  used,  9590. 
Cesspools  should  be  avoided,  9597-8. 
Frost  causes  no  difficulty,  9609-12. 

PRECIPITATION  and  SETTLEMENT : 

Treatment   alone,    or    with    subsequent     filtration, 

TatUm,  270. 
Precipitation   and  artificial   filtration,  Scudder,  679- 

85j  Wilson,  769. 
Precipitation   of   matter,  suspended   and  in  solution, 

Nayl(yr,  917-22. 
Precipitation  and  artificial  filtration  used  when  lan<^I 

unobtainable,  Wilson,  1031-45. 
Chemical     precipitation     and     artificial      filtration 

usually  give  good  results,  ib.,  1217-24,  1343-4. 
Preliminary  precipitation  advisable,  Cnmp,  1673-5. 
Precipitation  with  oxanite,  Adeney,  2500-7. 
Filtration  without  precipitation,  Roscoe,  3788-97. 
Construction  of  tauKS,  narwise,  4042. 
Cosham  patent  tanks,  Cosham,  4958-60. 
Hope's  disinfecting  process,  Hope,  4961-76. 
A.  B.  C.  process,  with  subsequent  filtration,  SUlar, 

6134*206. 
Sedimentation  without  chemicals  nnsucoesaful,  Fouh 

ler,  6443-5. 
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F^UKHPiTATioN  and  Settlement— c(wi^mti€d 

lime  and  copperas  as  precipitants,  Fowler^  6446-7. 
'  Browery  refuse  requires  chemical  precipitation,  WH- 
ton,  6363. 

Solids  should  be  precipitated  chemically,  Chatterion, 
6434-8. 

Precipitation  increases  amount  of  sludge,  ih.,  6451. 

Success  of  bacteria  beds  due  to  preliminary  precipi- 
tation, ih.f  6560-2. 

Area   of  arable    land    required  after  precipitation, 
Tatton,  6578. 

lime,  sulphate  of  iron»  and  alumino  ferric  best  pre- 
cipitants, i&.,  6586. 

Size,  kind,  and  use  of  best  settling  tanJcs,  ib.y  6687. 

Solids  should  be  settled  in  large  tanks,  t&. ,  6591-5. 

Chemical  treatment  increases  the  solids,  to.,  6599. 

Smell  in  summer  from  settling  tanks,  %b, ,  6600-5. 

F^iminary  precipitation  of  trade  refuse  necessary, 
%b.,  6627. 

Sewage  should  receiye  preliminary  treatment,  Bal- 
four^ 6843. 

Mechanical    subsidence     or     precipitation     recom- 
mended, i5.,  6845. 

Alumino-ferric  used  as  precipitant,  (h.,  6845-7. 

Description  of  settling  tank,  6846,  6869. 

Lime  used  at  Leeds  since  1874,  Hardingy  7039. 

Contact  filtraCtion  impracticable  unless  sewage  set- 
tled, *.,  7069,  7226-31. 

Must  be  followed  by  filtration,  i6.,  7042-4. 

Manufacturers  should  settle  solids  at  work,  ih. ,  7069. 

Preliminary  settlement  aids  contact  beds,  Strachan, 
7517-20. 

Land  treatment  requires  previous  removal  of  solids, 
fd.,  7617-22,  7607. 

Suspended  solids  should  be  removed  before  septic 
action  begins,  i&.,  7689. 

Tanks  at  cSorlfey  hold  about  twice  dry  weather  flow, 
Hibbert,  7763. 

Cleared  every  other  filling,  i&.,  7767. 

Ferral  preferred  as  precipitant,  i6.,  7770-2,  7823-33. 

Effluent  not  passed  on  filter  unless  satisfactory,  ih., 
7791. 

Chorley  a  model  of  chemical  treatment,  ib.,  7901-3. 

Quiescent  settlement  of  solids  superior  to  continuous 
flow,  ih,,  7904-29. 

Domestic  sewage  settled  before  passed  on  to  land, 
Mawbey,  8063-6. 

Nuisance  from  settling  tanks  when  worked  too  long, 
ih.,  8295. 

Very  free  subsidence  in  first  tanks,  8299. 

Does  not  bring  about  antiseptic  conditions,  Franh- 
hmd,  9964-8. 

Removes  a  large  proportion  of  bacteria,  ih.,  9970. 

Trade    waste     should     be     carefully     precipitated, 
Voelcker,  10232. 

PRBSCOTT,  WILLIAM  HENRY.     (Analysis  of  his 
evidence.) 

Description  of  anaerobic  chamber  at  Reigate,  6908- 

86. 
Analysis  of  crude  sewage  and  effluents  from  anaerobic 

bed  and  aerobio  filter,  6977. 
Surface  water  let  into  stream,  6978-82. 
Report  on  bacteriological  trials,  6986. 

PUBLIC  HEALTH  ACT : 

Combination   under  the   Act    desirable,    Williams, 

9833-4. 
Health  laboratories  should  be  established  by  County 

Councils,  ib.,  9893-7. 

PULSOMETER : 

Advantages,  Whittdker,  5774-77,  5784. 

REEVES  system  of  sewage  disposal.  Brown,  5119-31. 

REIGATE : 

Report  on  bacteriological  experimental  works,  Prei- 
coU,  6908-86,  Candy,  6989-7033. 

RHONDDA  and  PONTYPRIDD : 

Joint  sewage   scheme   works  admirably,    Williamt, 

9822.  ' 
Sewage  carried  into  the  sea,  ih.,  9823-6. 


RIBBLE  WATERSHED  COMMITTEE : 

Proceedings  against  local  authorities  and  manuf ac^ 

turers,  >ft7«w,  769. 
Constitution  and  working,  Baylor,  800  et  seq. 
Prefer  albuminoid  ammonia  test,  Hibbertf  780(^. 
Formation  of  committee  a  wise  step,  ib.,  7882-7. 
Condition  of  Lancashire  rivers  improved,  ib.,  7885^ 

7895-901. 
Rivers  Committees  shoidd  be  compulsory,  ib>,,  7888. 
Should  work  to  same  standard,  ib.,  7889. 
Pree^it  standard  should  be  adopted,  ib.,  7880-4w 

RIDEAL,  De.  SAMUEL,  D.Sc.,  p.lc.     (Analysis   of 
his  Evidence) : 

Influence  of  rain  on  quality  of  sewage,  4131. 

Variation  in  quality  of  sewage,  ib. 

Samples  should  be  taken  proportionate  to  flow,  4132^ 

4190-9. 
Bacterial  transformations  of  sewage,  4133,  4209-10. 
Bacteria  occurring  in  sewage,  4133, 4335-54. 
Fermentations  of  organic  acids,  4133, 421 1-7, 4328-34. 
Advantages  of  first  or  anaerobic  stage,  4134,  4218-27^ 

4286-4327,  4413-28,  4438-66. 
Changes  effected  anaerobically,  4135. 
Amount  of  carbonic  acid  formed  in  tank,  ib: 
Amount  of  carbonic  acid  gas  in  the  air   of  septic 

tank,  ib. 
Purification  effected  by  septic  tank,  ib. 
Source  of  energy  that  occasions  decomposition,  4136. 
Changes  in  the  liquefaction  of  gelatine,  4137. 
Action  of  enzymes,  4138,  4140, 4228-9. 
Symbiosis  shows  that  sejiarate  cultivation   of  bac- 
teria is  unnecessary,  4139. 
Scott-Moncrieff    and    other   filters,     4140,    4219-2T 

4249-53,  4424.  4440,  4460,  4467-72,  4489. 
Processes  should  be  worked  continuously  if  possible^ 

4141,  4230-4. 
Changs  not  always  in  natural  sequence,  4142. 
Chemical  examination  of  Exeter  tank  effluent,  4143. 
Grease  gives  rise  to  considerable  trouble,  4144. 
Cellulose  dissolved  by  fermentation,  4145. 
Fermentation  of  other  carbohydrates,  ib. 
Odorous  compounds  evolved  froin  sewage,  4146. 
Escape  of  bacteria  from  septic  tank,  4147. 
Pathogenic  organisms  in  sewage,  4148,  4235-8  ,4344-8 

4354*-76. 
Chlorine   as  a  sterilizing  agent  for  effluents,  4148 

4235,  4387-403,  4479-80. 
Formation  of  nitrites  and  nitrates,  4149-55. 
Oxidation  of  carbon  by  nitrites  and  nitrates,  4150,. 

4242-7. 
Loss  of   free   ammonia   without   corresponding  pro- 
duction of  nitrates,  4156. 
Influence  of  alg»  in  purification,  4157. 
Experiment  on  induction  of  nitrification,  ib. 
Innuence  of  darkness  and  light,  4158. 
Ratio  of  chlorine  to  total  nitrogen,  4159. 
Standards  of   purity  proposed  for   sewage  effluents,. 

4160,  4260-74,  4377-4412,  4429-37.     • 
Suggested  practical  standard,  4161,  4275-7. 
Processes  of  analysis,  4162. 
Free  and  albuminoid  ammonia,  ib. 
Original  Wanklyn  process,  ib.,  4279-80. 
Process  by  difference.  4162. 
Oxygen  consumed,  ib. 
Ejelaahl  processes,  ib. 
Bacteriological  examination,  ib. 
Storm  water  not  injurious  to  filter,  4164-9, 4491-8. 
Frozen  land  useless  for  purification,  4170-3. 
Waterlogged  land  similarly  useless,  4177. 
Chemical  analyses  of  old  sewage  farm,  4178-4180. 
Patho^nic  organisms  survive  land  treatment,  4181-5. 
Artificial   filtration    undoubtedly   better    than  land, 

4186,  4426-8. 
Organisms  in  filtrate  and  effluent,  4335-76,  4475-& 
Fisn  in  effluent  not  an  absolutely  certain  test,  4410-2^ 

4481-7. 
Value  of  gas  arising  from  septic  tank,  4455-66. 
Effect  of  temperature  on  bacterial  action,  4474. 
Inoculatijig  filters  with  special  organisms,  4488-90. 

RIFON  sewage  farm,  Fdaon,  5211-93. 

RIYER  POLLUTION : 

Public  rivers  as  appropriate  outfall,  Adi'ian,  14-7, 

19,  22-3. 
River  pollution,  ib.,  40. 

Purification  before  discharge  into  streams,  ib.,  41-2. 
Memorials  and  petition?,  1865,  i7».,  50-2. 
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BiTKB  PoLLunoir — ccntinued, 

m 

-  Bivers  Pollution  Commisaioa    1868,  AdriaUy  56-^, 

117-20. 
Law  relating  to  river  pollution,  ib.y  91-2,  157-60. 
Folhition  by  manufacturing  refuse,  ih.y  93-4,  97, 
Sewage  as  source  of  pollution,  Scuddei^  488-568. 
Dangers  of  pollution  decreasing,  Naylor,  842-5. 
Nmnf»er  or  pollutions  in   Ribble  district,   i6.,  846- 

52. 
Trade'  pollutions  in-  the  West  Riding,  Wilson,  1125- 

46, 1203-4. 
Action  of  Salmon  Fisheries  Board,  Curphey^  1841-3. 
Eoyal  Commission  of  1868,  Frankland,  2906-3000. 
Deiimtion  of  polluting  liquid,  ib.,  3001 ;  RoscoCy  3510. 
Self -purification  of  river  water,  Roscoe^  3510,  3664-6. 
Sewage  discharged  into  rivers  in  Glamorgan,    WU- 

liams,  9828-37. 
Manufacturing  refuse  should  not  be  discharged  into 

rivers,  t&.,  9838-54. 
No  putrefactive  effluent  should  go  into  the  stream, 

«5.,  9856. 
Pollution  stopped  on  visit  of  inspector,  i&.,  9856-9, 

9699-901. 


BIVEBS  POLI/UTIOK  COMMISSION : 

Evidence  on  effluents  during  frost,  Franklandy  10033. 
Standard  laid  down  for  effluent,  t&.,  10051. 


RIVERS  POLLUTION  PREVENTION  ACTS : 

Pollution  of  Rivers  Bill,  1873  ;  Act,  1876,  Adrian,  60- 
70, 121. 

Ditto  Amendment  Act,  1890,  ib.,  78. 

Rivers  Pollution  Prevention  Act,  1893,  i6.,  78, 113. 

Acts  apply  to  Scotland  as  to  England,  Murray,  164-6, 
218-24. 

Application  to  Ireland,  Deane,  242. 
•    Differences    between    Act    and    Mersey  and  Irwell 
Act,  Tatton,  265-9. 

Proceedings    against    local    authorities    and  manu- 
facturers, Wilson,  769. 

Enforcement  of  provisions,  Naylor,  808,  817,  832,  844. 

Duties  of  inspector  under  the  Act,  Curphey.  1806-10. 

How  Act  is  managed  in  Scotland,  .t6. 

Acts  n^d  revision,  Wilsouy  1275. 

Exercise  of  powers,'  Thresh,  8998-9006. 


ROSCOE,  Snt  HENRY,  f.k,s.,  d.c.l.,  ll.d.     (Analysis 
of  his  Evidence) : 

Character  of  crude  sewage,  3510,  p.  201. 

Decomposition  of  sewage  by  living  organisms,  ib. 

Part  piaffed  bv  free  oxygen,  ib. 

Anaerobic  and  aerobic  organisms,  ib. 

VegetaHe  or^anisms^  ib. 

Self -purification  of  river  water,  ib. 

Chemical  and  bacteriological  research,  ib. 

Absorption  of  free  oxygen  from  air  by  various 
organisms,  p.  202. 

Absorption  of  dissolved  oxygen  by  various  organ- 
isms, ib. 

Conclusions  arrived  at,  ib. 

Purification  of  contaminated  waters  by  natural 
agencies,  p.  202,  3564-6. 

Oxidation  of  or^nic  matter,  p.  202. 

Nature  of  organic  matter,  ib. 

Chemical  analysis,  p.  202,  3652-03. 

Methods  of  analysis,  p.  203. 

Main  tests  relied  on,  p.  203, 3568-90,  3608-21, 3786-7. 

Interpretation  of  analytical  results,  p.  203. 

Definition  of  a  polluting  liquid,  ib. 

Standards,  impossibility  of  fixing,  p.  204,  3591-4,  3670. 

Limits  of  impurity,  p.  204,  3595-3600,  3755-3760. 

Classification  of  sewage  effluents,  p.  204. 

Analyses  of  raw  sewage,  p.  205. 

Analyses  of  tank  effluent,  cinder,  coke,  and  land 
filtrates,  ib. 

Diirability  of  artificial  filters,  p.  206. 

General  statement  with  regard  to  sewage  pollution, 
3511. 

Best  practicable  means  of  sewage  treatment,  ib. 

Land  and  artificial  filtration,  3511-5,  3545-6. 

Artificial  filtration  plus  precrj)itation,  3516-40,  3694. 

Loss  of  capacity  of  filters  by  user,  352:2-4,  3541-3, 
3714-54,  3771-84. 

Nitrogen  in  filtered  effluents,  3544,  3636-44. 

1215. 


RoscoB,  Sib  Henry— oon^tntie^. 

'  ^^plication  of  crude  sewage  to  land,  3547-53. 
Mersey  and  Irwell  method  of  dealing  with  maw- 

facturers*  effluents,  3554-62. 
Experiments  with  sewage  effluent  from  Manchester 

works,  3607. 
'  Oxygen    absorbed    from    permanganate    of   potash, 

3608. 
Pathogenic  organisms  in  sewage,  3645-59,  3665. 
Best  practicable  menus  of  purification  an  a  standard, 

3670-93,  3761-70. 
Sludge  can  only  be  got  rid  of  by  septic  process,369  4^ 

3701. 
Broad  irrigation   and    intermittent    land    filtration, 

3702-13. 
Filtration    without    precipitation  —  exi)erimenta   at 

Huddersfield,  3788-97. 


RURAL  SEWAGE  DISPOSAL : 

Disposal  of  sewage,  Thresh,  9015-25. 

Village  sewage  passed  into  watercourse,  HtU,  9066- 

70. 
Garden  system  of  sewage  disposal,  Poore,  9529-612. 
Ditto,  in  Vale  of  Glamorgan,  Williams,  9873-92. 


SCOTLAND  : 

Law  relating  to  sewage,  Murray,  160-237. 
Powers  of  Ijocal  (Government  Board,  ib.,  185. 
Practice  of  Board  in  dealing  with  schemes  of  sewage 
disposal,  ib.,  203-10,  214-7. 


SCUDDER,    FRANK,    r.c.s.,   p.  i.e.  (Analysis  of  his 
Evidence) : 

Standards  of  purity,  485-7,  501. 

Sewage  and  manutacturing  refuse  a.s  sources  of  river 

pollution,  488-568. 
Manufacturing  effluents,  497. 

Effluents  from — 

(a.)  Calico  printing  and  dye  works,  ib. ; 

(6.)  Bleach  works,  ib. ; 

(c.)  Wool  scouring,  fulling,  and  felting  works,  ib, ; 

{d.)  Paper  works,  ib. 

Effluent  from  fellmonger  s  works,  498-500,  527. 

Artificial  filtration,  505-14,  566-8,  610-8,  759-68. 

Massachusetts  experiments,  510,  533. 

Land  filtration,  515-9,  563*-570,  609,  664-78. 

Limits  of  impurity,  520. 

Filtration  on  intermittent  plan,  528. 

Biological  experiments,  535-586. 

Test,  amount  of  solid  matter,  587-93,  630-44. 

Incubator  tests,  594-^608. 

Clay  not  a  very  efficient  purifier,  609,  674-8. 

"Good"  and  " fair"  effluents,  624-44. 

Manchester  compared  with  Exeter  sewage,  645-56. 

Cows  on  sewage  farms,  657-63. 

Precipitation  and  artificial  filtration,  679-85. 

Royal  Commissioners'  Standards  of  1868.  68C-730. 

Watersheds  cannot  be  treated  as  a  wnolc — effluent 
must  be  treated  as  it  leaves  the  works,  734-41. 

Treatment    of    watershed    should    be  uniform    and 
continuous,  742-57. 

Standard  of  most   practicable  and  available  means,* 
752-7. 

Albuminoid    ammonia    and  oxygen  abBorbed  stan- 
dards, 5930. 

Albuminoid  ammonia  limit  of  impurity,  5931. 

3  minutes'  and  4  hoars'  oxygen  s^sorbed  limit,  f&. 

Permanganate  test  of  impurity,  ib. 

Standard  solutions  employed,  5934. 

Method  of  canying  out  the  process,  5934-49. 

Analysis  of  a  sewagei  effluent,  5934. 

Strength  of  the  permanganate,  5935-6. 

Albuminoid  nitrogen  no  clue  to  total  organic  nitro- 
gen, 6950-1. 

Wankljrn's  process  for  determining  albuminoid  am- 
monia, 5952-3. 

Estimation   of   albuminoid    ammonia — reagents   re- 
quired, 5954. 

Method  of  procedure,  ih. 

Analysis  of  bad  and  fair  effluents,  ih. 

Action  of  the  permanganate,  5955-6. 

Test  affected  by  presence  of  ferrous  iron,  5957-8. 

60^  F.  selected  as  a  convenient  temperature,  5959-64. 

Whole  effluent  taken  for  the  test,  5965-7. 
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ScuDDEB,  Frank — continued. 

Albipninoid  ammonia  in   suspension   and    solution, 

5968. 
"  Ditto,  obtainable  from  sediment  and  filtered  liquid. 

6970-1. 
'  Treatmeoit  by  land  gives  best  effluents,  5972. 
Suspended  matter   in   Whittaker   effluents,    5973-7, 

6121-9. 
Amount  of  suspended  matter  al!owable,  5978-82. 
Oxygen  absorbed  attacks  the  soluble  matter,  5983-6. 
Description  of  incubator  test,  5988. 
Oxygen  absorbed  test  used  after  incubator  test,  5990. 
*"  Systematic  determination  of  the  nitrates,  5991-7. 
Mersey  and  Irwell  standard  should  take  accounts  of 

nitrates,  5993. 
Method  of  determining  the  nitrites  and  nitrates,  5998 

6004. 
*  Maximum  incubation  in  three  to  five  days,  6005-10. 
Albuminoid  ammpnia,  oxycen  absorbed,  and  incubator 

tests  agree  within  broad  limits,  6011. 
All  three  used  in  testing  effluents,  6012-3. 
Two  per  cent,  of  samples  which  would  putrefy  pass 

the  tests,  6014-9,  6070-2. 
Mersey  and  Irwell  provisional  standard  the  most 

convenient,  6020,  61116-20. 
Might  be  made  more  stringent   later   on,    6021-2, 

6092-6. 
A  standard  of  non-putrescibility  might  be  fixed,  6023- 

54. 
Difficult  to  define  a  non-polluting  effluent,  6028-30. 
Public  must  be  educated  up  to  it,  6031,  6052. 
.  Ventilation  standard  under  Cotton  Cloth  Factories 

Act  hard  to  enforce  except  by  nominal  fine,  6031. 
Standards  fixed  by  Alkali  Acts  also  useless,  6037. 
Inspectors  do  not  press  too  hardly  on  manufacturers, 

6038^. 
Would  be  difficult  to  obtain  orders  against  corpora- 
tions with  a  rigid  standard  of  purity,  6046-7. 
Mersey  and  Irwell  provisional  standard  not  fully 

adopted  yet,  6049. 
Is  a  good  and  workable  limit,  6050-1. 
Presence  of  nitrates  prevents  putrefaction,  6055-8. 
Permanganate  test  sufficient  except  where  dilution 

has  ti^en  place,  6069-62. 
Nitrates  consumed  in  incubator  if  oxygen  absorbed 

over  half  a  grain  to  the  gallon,  6063-9. 
Some  drinking  water  will  putrefy  in  the  incubator, 

6073-5. 
Land  filtration  gives  a  standard  effluent,  6076-83. 
But  the  area  must  be  adequate,  6064. 
Minimum  volume  of  sewage  and  good  management 

necessary,  6085-87. 
Mersey  and  Irwell  standard  should  l>e  adopted  gene- 
rally, 6088-91. 
Higher  standard  might  be  adopted  ultimately,  6092-6. 
Stoitn  water  overflow  should  not  pass  direct  into 

stream,  6097-8. 
Making  a  rigid  standard  hard  on  local  authoritiee, 

6098. 
Effluents  should  be  tested  as  discharged,  6099-101. 
Definition  of  a  non-polluting  effluent,  6102-15. 
Effluents  from  contact  beds  mostly  free  from  oxygen, 

6130-1. 

Permanganate  test  can  be  used  by  working  men  who 
are  not  chemists,  6132-4. 

SEA: 

'Sewage  discharged  into  the  sea  generally  comes  back, 

and  solids  are  deposited  on  the  shore,    WHsotij 

6382-8. 
Crude  sewage  discharged    into    the  seal    Strcichanf 

7604-7,  7603. 
Outfall  should  be  well  chosen,  tO.,  7608-14. 
Should  discharge  into  etrong  currents,  «&.,  7650-60. 
Experiments  on  sewage  mixed  with  sea  water,  Letts, 

8574. 
Sewage  less  dangerous  than  in  tidal  waiters,  Herdman^ 

oo9v}. 
Chemical  refuse  should  be  carried  out  to  sea,  ITtS, 

9071. 
Bhondda,  etc.,  sewage  carried  into  the  sea,  WiUiams^ 

9823-6. 
Cardiff  scheme  for  dischaige  into  the  sea,  %b.^  0838. 

See  also  Tidal  Waters. 

SEPTIC  TANK : 

System  of  sewage  disposal  at  Exeter,  Thomsony  1376 

et  seq. 
Septic  treatment  of  sewage  at  Exeter,  Cameron,  1861 

et  seq. 
Septic  chamber  a  great  advantage,  Wobdhead,  2930.     p 


Septic  Taxk— -continued. 

Double  filtration  compared  with  filtration  preceded 

by  septic  tank,  t6.,  2934-49. 
Carbonic  acid  gas  in  tank,  Bideal,  4135. 
Purification  effected  by  septic  tank,  £idealy  4135.. 
Chemical  examination  of  tank  effluent,  t6.,  4143. 
£scape  of  bacteria  from  tank,  {6.,  4147. 
Septic    method    and   bacteria    beds,  Latham^  4506^ 

4638-43. 
Better  for  crude  sewage  than  precipitation,  Fowleiry. 

6476-9. 
Experiments  with  closed  and  open  tanks  at  yLmkr 

Chester,  t&.,  6480-676. 
Addition  of  lime  a  needless  expense,  ib.,  5612n3» 
Average  solids  in  suspension,  «&.,  5627-36. 
Accumulation  of  sludge,  «&.,  5537-50,  6574. 
Sludge  digested  in  tank,  %b,,  6546. 
Temperature  of  sewage  and  effluent,  i&.,  SS6X4;  of 

tank,  t5.,  6655-62. 
Effect  of  dilution  of  sewage,  t&. ,  5563-5,  5668-64w 
No  nuisance  from  smell,  i&.,  6568-73. 
90  per  cent,  of  gas  is  marsh  gas,  t&.,  5672. 
Tanks  worked  in  series,  Whittaker,  6704-7. 
System  facilitates  removal  of  sludge,  «&.,  5706-12. 
8  feet  depth  answers  well,  six  too  shallow,  •&.,  573L' 

41. 
Sludge  prepared  for  aerated  filter,  i&.,  5748-66. 
O^n  tank  a  nuisance,  Chatterton,  6430^0,  66034y 

6623-43. 
Covered  tank  and  filters  best  for  domestic  sewage,  Uk^ 

64534,  6625,  6544-6. 
Should  be  of  24  hours'  capacity,  Tattony  6707-13. 
Sludge  causes  difficulty  in  large  tanks,  i&.,  6716-29. 
Very  objectionsible  in  open  tank,  %b,,  6730. 
Nuisance  only  occurs  during  cleaning  out,  «&.,  6735. 
Covered  tanks  less  objectionable  than  open,  t&.,  6740* 
Nuisance  due  to  evolution  of  gas,  ib,,  6743. 
Gas  burned  at  the  tank,  «b.,  6744-^. 
Experiments  at  Leeds,  Harding,  7243. 
Analyses  of  effluemts,  ib.,  7245. 
Development  of  action,  ib.,  7246. 
Most  effective  rate  of  flow,  ib.,  7247. 
F^rm  of  tank  most  important,  ib.,  7248. 
Advantages  of  tanks  in  series,  ib.,  7249. 
Sludge  should  be  removed  at  intervals,  ib.,  7260^ 

7286-8,  7292. 
Sludge  not  very  offensive,  id.,  7253. 
Amount  of  digestion  of  de|>osited  solids,  ib. ,  7254. 
Nature  of  sludge  or  deposit,  ib.,  7266. 
Analysis  of  sewage  and  tank  effluent,  ib.,  7267. 
Frost  causes  no  appreciable  deterioration,  ib.,  72581 
Scum  a  useful  non-conductor,  ib. 
Has  no.effect  on  gas  or  effluent,  t&.,  7259. 
Septic  action  in  stagnant  tanks,  ib.,  7260. 
Value  of  tanks  in  sewage  treatment,  ib. ,  7261. 
Area  required  for  Leeds  sewage,  ib.,  7263. 
Bapid  flow  prevents  solids  settling,  ib.,  72ffMI5. 
Same  results  from  open  and  closed  tanks,  ib.,  7284-5. 
And  from  tanks  in  series  or  independent,  w.,  7894- 

303. 
Series  more  convenient  for  removal  of  sludge,  ib.r 

7304. 
Less  colloidal  solids  in  tank  than   in   sewage,   ib,,. 

730M9. 
Destruction  of  fiibre  very  slow,  ib.,  7320-2. 
Difference  in  temperature  of  closed  and  open  tanks 

very  slight,  ib.,  73B2*. 
Action  different  in  summer  and  winter,  ib.,  7326. 
Licrease  of   temperature  miglht  increase   action,  ib.y 

7327-30. 
Flow  may  be  increased  with  storm  water  dilution,  «5., 

733W. 
Eight-acre  tank  quite  possible,  ib.,  7334.    ^^ 
Sludge  might  render  it  impracticable,  ib.,  7335-^. 
Could  be  covered  by  grass  on  scum,  ib.,  7330. 
Scum  sometimes  disappears,  ib.,  7339-43. 
Septic  action  takes  place  in  sewers,  ib. ,  7347-9. 
Tanks  should  hold  twice  normal  flow,  ib. ,  7350-2. 
Artificial  filtration  of  effluent,  ib.,  7354,  7360. 
Septic  tank  necessary  for  domestic  sewage,  <&.,  7461-4. 
Leeds  experiments  still  going  on,  ib.,  7465-8. 
Septic  or  settling  tanks  best  preliminary  trestmenty 

Stracho/n,  7520. 
Closed  tanks  better  than  open,  ib.,  7523. 
Tank  fills  up  one-sixth  each  year,  ib.,  767L 
Treatment  likely  to  cause  a  nuisance,    ib.,   768U, 

7707-12. 
Difference  between  upward  screen  and  septic  tank, 

ib.,  7601-706. 
Digestion  of  suspended  matter.  Fowler,  8363-86. 
Bemoval  of  sludge,  ib.,  8366-02. 
9    Adrantage  of  tanks  in  series,  ib.,  6303-400. 
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Septic  TAVK—continued, 

Oases  from  septic  action,  ib.,  8401,  8425. 
Piracticallj  no  nuisance  from  tanks,  ib.^  8405^ 
Adrantages  of  the  septic  tank,  8407-13. 
Ko  noticeable  difference  between  summer  and  winter 

working,  ib,,  8452^,  8547-60. 
Deposit  (Siambers  in  tanks,  f&.,  8436. 
Filtration  of  open  tank  effluent,  ib.f  pp.  463-5. 
Treatment  in  closed  tank,  ib.,  p.  466.    . 
Coarse  Dibdin  beds  preferred  to  tanks,  Thresh,  8959- 

62. 
Septic  tanks  fill  up,  ib.,  8963-7. 
Better  purification  without  tanks,  ib.,  8968. 
Ooarse  coke  better  than  tanks,  ib. 
Examination  of  effluents,  Klein,  9663-71. 
Tank    followed    by    double    contact    recommended, 

FrwMand,  9928-31. 
doeing  tank  prevents  smell,  ib.,  9945. 
Nuisance  from  tank  verjr  trifling,  ib.,  9976-82. 
Solids  dissolved  in  septic  tank,  ib.,  10027-9. 
Effluent  treated  on  land  with  success,  ib.,  10079-84. 

SETTLEMENT.    See  under  Precipitation. 

SEWAGE : 

Origin  and  growth  of  law  respecting  sewage  dis- 
posal, Adrian,  3-78. 

Profitable  and  unprofitable  methods,  ib.,  14,  20,  23, 
150-^. 

Sewage  utilisation,  ib.,  39,  50-2. 

Sewage  Utilisation  Act,  1865,  ib.,  53-5. 

Analysis  of  raw  sewage,  Camerryti,  1930-4,  1941-5, 
2118;  Boscoe,  3bl0. 

Composition  of  sewage,  Ward,  2533. 

Destruction  of  its  constituent  materials,  ib.,  2534. 

Character  of  crude  sewage,  Boscoe,  3510. 

Decomposition  by  living  organisms,  ib. 

Part  played  by  free  oxygen,  ib. 

Sewage  pollution,  ib.,  3511. 

Best  practical  means  of  treatment,  ib. 

Treatment  of  domestic  sewage,  Poore,  9529-612. 

General  conclusions,  Williams,  9819. 

Profitable  disx>osal  of  sewage,  Vodeker,  10163-4. 

SEWAGE  FARMS: 

J3hould  not  be  sublet,   WiUon,  702-4;   Orimp,  1038- 

40;    Voelcker,  10230. 
Mismanaged  farms  very  injurious  to  health,  WiUon, 

1019-20. 
Undernlrainage,  <CHmp,  1586-92,  1756-60,  1774-9. 
No  reliable  evidence  of  injury  to  health,  «&.,  1619-20. 
Do  not  pay  as  farms,  Barwise,  4065-7. 
Chemical  analysis  of  sewage  farm,  Bideal,  4178-80. 
Sewage  farm  at  Norwood,  Latham,  4646-51,  4673. 
Value  of  crops,  ib.,  4701-4. 
Sewage  farms  in  relation  to  health,  ib.,  4706-11. 
Description  and  working  of  farm  at  Bipon,  Edson, 

5319-50  ;  ditto  at  Harrogate,  Bagshaw,  5407-13. 
Cropping  renews  land  even  whea  eewage-siok,  WiUon, 

Oats  a  bad  crop. as  flow  has  to  be  stopped,  «&.,  6867 ; 

should  not  be  ffrown  on  sewage  farms,  ib.,  6260. 
Rye  grass,  mangolds,  turnips,  and  cabbages  are  better 

as  flow  continuous  until  crop  ready  for  removal,  ib., 

6258,  6276. 
Potatoes  or  oats  should  not  be  put  on  exeept  to  rest 

sewage-sick  land,  ib.,  6260-4. 
Willows  do  very  well  on  sewage  farms,  ib.,  6265-6. 
Growth  of  suitable  crops  famitates  treatment,  ib., 

6267-8. 
Attention  should  be  directed  to  treatment  of  sewage 

rather  than  profitable  cropping,  ib,,  6269-72. 
Sewage  farmers  usually  healthy,  ib.,  6273. 
No  nuisance  from  well-managea  fann,  «&.,  6301-2. 
Nuisance  is  due  to  solids  decompoeins  on  tibie  sur- 
face, ib,  6303-6;   mixture  with  trade  refuse,  ib., 

6353-74 ;   and  putrefaction  in  the  settling  tanks, 

ib.,  6364-8. 
One-fifth  of  farm  under  sewage  at  a  time,  Chatterton, 

6467-9. 
Bye  grass  best  crops— potatoes  and  oats  should  not  be 

sown,  Tatton,  6614. 
Willows  keep  the  air  from  the  soil,  ib.,  6615-6. 
Farmers  should  be  specially  trained,  t5.,  6625-6. 
Crops  should  be     succulent— not     potatoes-hosiers, 

mangolds,  cabbages,  and  rye  grass,  Balfour,  6862. 
Willows  should  be  planted  wide  apart,  ib.,  6854. 
No  injury  to  health  or  to  grazing  etook,  Mawbey,  8085- 

93,8283-92.  o         e  ,  y, 

Leicester  farm  worked  at  great  loss,  ib.,  8113-6. 
First  duty  to  purify  the  sewage,  i6.,  8117. 


Sewage  Fabms — contintted. 

Sewage  farmer  must  be  skilled,  Mawbey,  8118-21. 
Garden  system  of  sewage  disposal,  Foore,  9529-612. 
Not  properly  looked  after  where  let,  Williams,  0821. 
Places  where  farms  are  in  use,  Voelcker,  101 55. 
Profitable  disposal  of  sewage,  ib.,  10163-4. 
Farmer  should  be  expert,  except  in  rural  districts, 

ib.,  10169-72,  10227-30. 
Success  depends  on  good  management,  ib.,  10174-6. 
Cereals  can  be  grown  where  land  plentiful,  ib.,  10189- 

93. 
•Lime  sometimes  useful  to  soil,  ib.,  10194-5. 
Garden  system  not  likely  to    be  generally  adopted, 

ib.,  10201-6. 
Sludffe  dug  into  the  land,  ib.,  10220-1. 
See  also  Cat^e. 


SEWERS: 

Admission  of    Trade    waste,    Adrian,  98  ;    Tation, 

323-7,  448-62;   Wilson,  787-91,    1047-84,    1210-11, 

1215,  1262,  1334. 
Manufacturers'    effluent    should    be    settled    before 

turned  into  eewer,  Wilson,  6321-7. 
Taken  into  sewers  in  Manchester,  Forder,  8512. 
Trade  effluents  should  be  kept  out  or  discharged  imi- 

formly,  FrankSUmd,  10047,  10096-9. 

SHELL  FISH.    8u  under  Fish. 

SHBIMPS.    See  under  Fish. 

SILLAR,    WILLIAM  CAMERON.    (Analysis   of   his 
Eyidence.) 

Native  Guano  Co. 'a,  or  A.B.C.  sewage  process,  de- 
scription; works  at  Kingston;  analyses  of  efflu- 
ents and  filtrates,  5134-206. 

Sludge  worth  £3  10s.  per  ton  as  manure,  5143-6. 
5167-71,  5198-200. 

Leeds  experiments  in  precipitation,  5140-53,  6204. 

Effluent  filtered  over  coke,  5154-9. 

Thames  Conservancy  standard,  5172-7. 

Experiments  at  Aylesbury,  5190-4. 

System  capable  of  dealing  with  trade  effluents,  52QB^- 
3. 

SLUDGE : 

Sludging  of  mill-dams  and  reservoirs,  Naylor,  828- 

31,  872-^. 
Great  difficulty  in  disposal,  Wilscm,  1105-18. 
Worse  from  trade  refuse  than  domestic  sewage,  ib., 

1161-9. 
Solid  refuse  pollution,  ih.,  1269-71,  1274. 
Fermentation  of  organic  sludge,  ib.,  1291-7. 
Disposal  of  sludge,  Crimp,  1625-30,  1669. 
Sludging  up  of  filters,  ib.,  1662-4,  1798-9. 
Digestion  of  sludge  in  artificial  filters,  ih.,  1669-72. 
Nature  of  deposits   m    septic  tank,  Cameron,  1879- 

84,  1957-9,  2002-4. 
Difliculty  of  disposal  Adeney,  2455-62. 
Solution  of  organic  sludge,  Woodhead,  2819. 
Can   only  be  got   rid  of   by  septic  process,   Eoscoe. 

3694-3701. 
Method  of  dealing  with  sludge,  Moncrieff,  3138-47, 

3327-30,  3342  ;  Banoise,  4095-4105. 
Screen  very  desirable,  Dibdin,  3798. 
Removal  by  sedimentation,  Latkam,  4628-33. 
Broken    up    in    settling  tank,    WhiUaker,  478^98, 

4810-13. 
Pressed  out  and  thrown  on  land  in  "  Bacillite  "  j>ro- 

cess,  "Rope,  4972. 
None  made  in  carbonised  refuse  system,  Jaoaer,  4060. 
Worth  £3. 10s.  a  ton  in  A.  B.C.  process,  S^xSUir,  5143- 

6,  5167-7L 
Amount  digested  in  septic  tank,  Fowler,  5545. 
Silting  up  of  bacteria  beds,  ib.,  5(U.4^. 
Septic  tanks  worked  in  series   facilitates  removal, 

Whittaker,  6708-12. 
Sludge  not  oigested  in  septic  tank,  %5^j5742-50. 
Only  prepared  for  aerated  filter,  ib.,  9752-5,  5757-65. 
Precipitation  increases  the  amount,  Chatterton,  6451. 
Brewery  refuse  eludge  should  be  pressed,  ib.,  652L 
Causes  difficulty  in  large  septic  tanks,  Tatton,  6715- 

29. 
Very  objectionable  in  open  septic  tank,  ib,,  6730i 
Nuisance  only  during  cleaning  out,  ib.,  6733. 
Valueless  and  costly  to  dry,  Harding,  7041. 
Accumulations  in  contact  beds,  ib.,  7066. 
Qiven  away  to  briquette  makers,  ib.,  7110-5. 
Sludge  in  septic  tank,  ib.,  7250-6,  7286-8,  7292. 
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SLUDas — continued. 
M]|^k   render  very    large  tanks    impracticable,   ib., 

'  BOKsandle  gas  made  from  Ohorley  sludge,   Hibhert, 

7836-59,  8038^. 
Fanners  pay  Od.  or  Is.  a  load  for  manure,  ih,,  7848, 

7860. 
Beat  means  of  disposing  of  sludge,  ib.j  7073-8040. 
Removal  from  sep^c  tank,  FotUery  8386-02,  p. 
Deposit  oluun<bers  in  septic  tank,  t&.,  8436. 
Mud  from  contact  beds  absolutely   inoffensive,    %b., 

8513-5. 
Lime  produces  a  lai^  amount,  Thre^,  8017-26. 
Manchester  sludge  taken  out  to  sea,  Franldand,  10118- 

25. 
No  danger  in  Mersey  estuary,  ib.,  10126-7. 
Dug  into  land  at  Birmingham,  Vodcker,  10220-1. 

STANDARDS : 

Mersey  and   Irwell  standard,   Tatton,   257-8, 276-^, 

306-8,  318-22,   345-8,   387-90;    Frankland,    3011; 

Latham,  4573-5. 
Standards    of    purity  for    trade    ejQQuents,  Scvdder^ 

485-7,  501 ;   Wilstm,  769 ;  Mtmcrieff,  3259-71. 
"  Best  practicable  means,"  Tatton,  421-53  ;  Scudder, 

752-7  ;  Wilsany  775^6  ;  Boscoe,  3670-93,  3761-70. 
"Good  "  and  "fair"  effluents,  Scudder,  624-44. 
Lipiits    of    impurity,    t6.,    520;    Roscoe^    3595-600, 

3755-60. 
Royal   Commissioners'   standards   of  1868,    Scvdder, 

686-730 ;  Frankland,  3002-7,  3084'-90. 
Difficult  to  fix  standard  for  effluents,  Naylor,  820-1 ; 

Curpkey,  1811-14,  1819,  1836^0,  1844-56. 
No  general  standard  can    be    fixed,    Wiliony    1160, 

1196,  1306-11 ;  Eoncoe,  3510,  3591-4,  3670. 
Limits  of  impunty  in  Mersey  district,  FTt/son,  1197. 
Standards    fixed   in    connection    with   Alkali   Acts, 

Curphey,  1814,  1844-8. 
Best  practicable  means   not   generally  adopted,  ib. 

1816. 
Should  vary  with  local  circumstances,  Adeney,  2421-46, 

2467-85. 
Desirable,  even  if  not  rigidly  fixed.  Bat-wise^  4056. 
i^tandards  proposed    for    sewage    effluents,    Ridealy 

4160,  4260-74,  4377-412,  4429-37. 
Suggested  practical  standard,  ib.,  4161,  4275-7. 
Thames  Oonservancy  effluents,  SiUar,  5172-7. 
Mersey  and  Irwell  atHmdaid  should  take  ftooount  of 

nitratbes,  Scudder,  5903. 
Provisional  standard  the  most  convenient,  i6.,  6020, 

6116-20. 
Might  be  made  more  stringent  l&ter  on,  ib.,  6021-2, 

6092-6. 
A  standard  of  non-putrescibility  might  be  fixed,  {&., 

6023-54; 
Difficult  to  define  a  non-polluting  effluent,  ib.,  6028- 

30. 
Publio  must  be  educated  up  to  it,  ib.,  6031,  6062. 
Ventilation  standard  undier  Cotton  Cloth   Factories 

Act  hud  to  enforce  except  by  nominal  fine,  i5., 

6031. 
.  'Standards  fixed  Iby  Alkali  Acts  also  useless,  ib.,  6037. 
Inspectors  do  not  press  too  hardly  on  manufacturers, 

ib.,  6038-45. 
Would  be  equally  difficult  to  enforce  a  rigid  standard 

of  purity,  ib.,  6046-7. 
IVlJersey  and  Irwell  prordsaonal   srtandard   not   fully 

(adopted  yet,  ih.,  6M. 
lis  a  good  aad  workable  limit,  ib.,  6060-1. 
Should  be  adopted  generally,  ib.,  6088-91. 
Higher  standard  might   be  adopted    ultimately,   ib., 

6092-6. 
Making  a  rigid  standard  hard  on  local  authorities,  ib., 

6098. 
Definition  of  a  non-polluting  effluent,  ib.,  6102-16. 
Mersey    and    Irwell    standaSd  takes   out  all    dyes, 

Harding,  7471-5. 
Standard  quite  satisfactory,  ib.  7488-9. 
Except  with  unsettled  effluents,  t6.,  7490-4. 
Non-putrescibility  of  effluent  when  mixed  with  a  given 

volume  of  dean  water  the  best  standard,  Strcihan, 

7569-602. 
Committees  should  work  to  same  standard,  Hxbbert, 

7889. 

Present  standard  should  be  adapted,  ib..  7890-4. 

Thames  Conservancy  standard.  Thresh,  8937-40. 

No  bacteriological  standard,  t^.,  8946. 

Non-putrescibility  should  be  the  standard  for  non- 
drinking  streams,  ib.,  8968. 

Standard  for  effluent  gaing  into  drinking  streams, 
JSm,  9101-7. 


Stasdaslds— continued. 

Standaido  for  sewage  effluents,  FrankHand,  10048^. 
Standard  laki  down  by  Rivere  Polluibion  Oarnmiseiociy 

ib.,  10061. 
Standard  for  drinking  water,  ib.,  10128-50. 

STATUTES : 

Towns    Improvement    Clauses    Act,    1847,    Adrian, 

13-19. 
Public  Health  Act,  1848,  ib.,  20. 
Local  Government  Act,  1858,  ib.,  38. 
Local  Government  Amendment  Act,  1861,  t^.,  41. 
Sewage  Utilisation  Act,  1865,  ib.,  53-4, 
Sanitary  Acts,  1866-1870,  ib.,  55. 
Public  Health  Act,  1872,  id.,  67-8. 
Pollution  of  Rivers  Act,  1876,  ib.,  69-70,  121. 
Public  Health  Act,  1875,  ib.,  70,  80-90. 
Pollution  of  Rivers  Amendment  Act,  1890,  ib,  78. 
Rivers  Pollution  Prevention  Act,  1893,  ib,  78,  113. 
Alkali,  Ac,  Works  Regulation  Act,  1881,  ib.,  98. 


STERILISATION : 

Chlorine  as  a  tffaeriliong  agenit,  Bidedl,  4148,  4235, 

4387-403,  4479^. 
"Bacillite"    process   destroys  all  pathogenic  germs, 

Hope,  4966-71,  4974-5. 
Action  of  lime  on  tri^methyl-amiinepiodttoes  flterilising 

agent,  WoUkeim,  5222-38. 
Effluents  could  be  sterilised  by  lime.  Thresh,  8908-16, 

8938 
Siterildsdng  effluent  by  heait,  Klein,  9647-^. 
Heat  the  best  desitructive  aeencv,  ib.,  9812-7.^ 
Effluents  oould  be  steitaLised  by  daemdoal  precdpitaieLoii, 

FranJdand,  10006^. 
No  pnaotical  need  for  sterilieatkoi,  ih.,  10011-9,  lOllO. 
Effluenlt    paissing   into   drinking   etiiBam   should  be 

crterilieed,  ib.,  lOUO. 
Effluent  from  fever  hospital  should  be  sterilised,  ih*, 

10146-50. 

STODDABT,  F.  W.    (Analysis  of  his  Evidence.) 

Filtration  of   tank  effluent— description  of  patent 

filter,  4999,  5004-17,  5039^,  5047-118. 
Analyses  of  sewage  effluents,  4099,  5031,  5044-6. 
Tank  treatment  more  economical,  5019. 
Effluent  will  not  putrefy,  5036-8. 

STORM  WATER: 

Limit  for  action  of  overflow,  Wilion,  1324-6. 
Interferes  with  action  of  septic  tank,  Thomson,  1391, 

1405-12. 
Cut-off  storm  overflow,  Crimp,  1631-3,  1790. 
Arrangement  of  overflows  at  Exeter,  (/afficron,  1865-7, 

2126-30. 
Exeter  filters  not  affected  by   rain-water,  ib.,  1915, 

1935,  2041-5. 
Effect  of  rainfall  on  raw  sewage,  ib.,  2119-22. 
No  injury  to  bacteria  beds,  Dibdin,  2176. 
No  appreciable  difference  to  filter.  Ducat,  2203-5. 
Interferes  with  action  of  filter.  Ward,  2696-7. 
Limits  of  dilution  possible,  ib.,  2699-703. 
Passes  through  cultivation  tank,  Moncrieff,  3348-50. 
Passes  through  filter,  Dibdin,  3801, 3889-90, 3936-48. 
Not  injurious  to  filter,  i^w&ja/,  4164-9,  4491-8. 
Exceedingly  difficult  to   deal  with,   Latham,   4507, 

4629-36,  4652-9. 
Not  injurious  to  contact  beds,  ih.,  4508-11. 
Passes  through  settling  tank,  Whittaker,  4826. 
Wet  and  dry  weather  sewage  should  be  collected  and 

run  through  together,  ib.,  4948-56. 
Effect  of  dilution  in  sepfdc  tank,  FowUr,  5563-5,  5668- 

64. 
Beds  may  be  overworked  during  storm,  if  rested  after, 

ib.,  5656. 
Area  for  works  should  include  storm  beds  and  reokoa 

normal  flow  plus  first  dilution  after  rain,  i&.,  5661-2. 
Overflow  should  not  pass  direct  into  stream,  Scudder^ 

6(597-8. 
New  main  outfall  sewers  take  six  times  the  normal 

flow,  WOson,  6190-7,  6410-8. 
Overflows  frequently  act  after  slight  rain  ib.,  6in 
Overflows  on  most  farms  and  branch  sewen,  ib,^ 

6200-2. 
Record  of  times  and  extent  of  overflow  should  be  kept, 

«&./ 6205-9. 
Overflow  usually  a  polluting  liquid,  ib.,  6210-6. 
Overflows  formerly  placed  at  any  desired  level,  ib., 

6217-a 
Water  passed  into  stream  to  save  expense,  ib.,  6219- 

20,  6228,  6233-4,  6254. 
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Stosm  Water — cnotinued. 

First  w^ter  from  streets  grossly  polluted,  Wilson,  6226- 

31. 
Sorface  water  from  rural  roads  not  so  polluting,  ib.y 

Miixed  stotrm  water  and  aewage  should  be  deaJt  with 

as  sewage,  «&.,  6235. 
Storm  water  should'  be  treated  separatelj,  4b.,  6236- 

44. 
Pollution  lasts  a  considerable  time  after  rain,  ib,, 

6245. 
Six  volumes  reasonaible  fig^ire  for  overflow,  ih.,  6246- 

54. 
Ovesflow  should  act  when  flow    six    times    normal, 

Chattertan,  6456-61,  6479^1. 
Water  ^ould  be  treated  separate! y»  ih.,  6565-7. 
Effect  of  6  or  8  volumes  on  area  of  land,  Tatiouy 

6584. 
Overflows  should  be  fixed,  tb.,  6654. 
Six  times  dry  weather  flow  a  fair  amount,  ih.,  6657-9, 

6606-706,  6703-840. 
Effect  of  surface  water  sewers,  «&.,  6664-9. 
Afea  of  land  should  be  oreokoned  for  stoim  water, 

t6.,  6680^. 
Area  under  sewage  extended  to  take  storm  water,  t5., 

680&21. 
No  advantage  in  keeping  plote  for  storm  water,  ib., 

6814^. 
Can  be  treated  on  tiie  land,  Balfour,  6870. 
Overflows,  with  one  movable  valve,  fixed  on  line  of 

sewers,  ib.,  6871-9. 
Storm  filters  coming  into  use,  ib.,  6874. 
Deailt  with  by  increased  fildings  of  beds,  Harding, 

7D0M. 
Septic  tanks  should   hoM   twice  norm<al  flow,   ib., 

7360^2. 
Useful  to  trickling  filters,  ib.,  7307,  7426-9. 
Staitistics  of  stonm  water,  Strackan,  7625-30. 
Should  be  treated  by  separate  single  filtration,  ih.^ 

7631-44. 
Filters  would  take  up  to  three  volumes,  %b. ,  7646-66. 
Two  volumes  diould  be  present  standard,  afterwards 

rising  to  four  and*  six,  ib. ,  Itffl-^,  7759. 
Overflows  can  be  regulated,  ib.,  7&nSl. 
Treated  in  precipitation  tanks  up  to  three  volumes, 

mhhert.  7800-23. 
First  twenty  minutes'  rush  sent  through  filters,  tb.y 

7813. 
Partially  separate  system  at  Leicester,  Maubt^,  8067. 
Double  dry  weather  flow  treated,  ib.,  8068-71. 
Overflows  arranged  twelve  to  sixteen  times  normal » 

ib.,  8077-80. 
Settled  and  passed  on  to  storm  bed.  Fowler,  8438>46. 
Treatment  of  storm  water,  t6.,  p.  468. 
Enormous  at  times,  WUliamM,  0002. 

STBACHAN,  GEOBGE  BICEUUEtDSON.    (Analysis  of 
his  Evidence.) 

Orude  sewage  discharged  into  the  sea,  7504-7,  7605- 

14. 
Definition  of  broad  irrigation,  7508-11. 
No  essential  difference  between  it  and  intermittent 

filtration,  7512. 
Bacterial  system  helpful  for  domestic  sewage  and 

some  kinds  of  trade  waste,  7515. 
Preliminaxy  treatnnent  aids  contaok  beds  or  continu- 
ous filters,  7517-9. 
Septic  or  settling  tanks  preferred,  7520. 
Large  soreen  always  essential,  7621. 
doMd  septic  tanks  better  than  open,  7523. 
Statistics  of  storan  wafcer  at  Ohiswick,  7525-0. 
Sometimes  twelve  times  the  normal  flow,  7529^0. 
Should  be  treated  by  separate  single  filtration,  7531- 

44. 
Filters  would  take  up  to  three  volumes,  7545-56. 
Destination  of  effluent  governs  procedure,  7557. 
NonHputresoJIbility  of  effluent  when  mixed  with  a 

given  volume  of  clean  water  the  best  standard, 

7^59-602. 
Highly  desirable  to  have  effluent  also  non-putresciJble, 

7676. 
Grade  sewage  disdiarged  into  sea,  7603. 
Outfall  should  be  well  chosen,  7608-14. 
Artificial  filters  choke,  without  se^mentetion,  7615. 
Land  treatment   requires  preliminary  removal    of 

solids,  7617-22,  7607. 
All  kinds  of  land  will  purify  sewage,  7623-4. 
Land  will  take  3,000  to  30,000  gallons  per  acre,  7685- 

30,  7737^. 
Best  for  inland  sewage  if  plentiful,  7626. 


Strachan,  Gborge  Kk^hardson — continued.     . 

Authorities  should  be  left  a  free  hand,  7632. 
Suggested  sewage  scheme  for  Manchester,  763545. 
Two  vokunes  of  stonm  wator  should  be  present  stan- 
dard, afterwards  rising  to  four  and  six,  7637-40, 

7750. 

Sea  outfalls  should  discharge  into  strong  current, 

7650-60. 
Upward  screening  very  useful,  7661-76. 
Septic  tank  fills  up  one-sixth  each  year,  7671. 
Storm  overflows  can  be  regulated  to  desired  volume, 

7677-8L 
Septic  treatment  likely  to  cause  nuisance,  7636-8, 

7707-12. 
Suspended  solids  should  be  removed  before  septic 

action  begins,  7680. 
Difference  between  upward  screen  and  septic  tanks, 

7601-706. 
Cost  of  renewing  contact  beds,  7714-36. 
Experience  at  IhEeter,  7721. 
Artificial  filter  best  where  work  definite,  7755. 

STREAM  :  Definition,  Adrian,  92*  157-60. 

SUTTON : 

Bacteria  bed,  Dibdin,  2169. 
Results  of  work,  ih.,  2176-8.3. 

Analysis  of  crude  sewage  and  effluents  from  sewage 
works,  ib.,  p.  130. 

See  also  Dibdin,  William  Joseph. 
SYMBIOSIS:  Definition,  Wiud,2&AA. 

TATTON,  R.  A.,  m.lce.  (Analysis  of  his  Evidence) : 

Mersey  and  Irwell  Joint  Committee,  254. 

Objects  of  Committee's  first  work,  256. 

Standard  of  purity  for  trade  effluents,  257-8,  34r)-8, 

387-90. 
Artificial   filtration  instead  of  land,   259-61,  403-20, 

465-68. 
Difficulty  as  regards  land  in  Manchester  and  Salford, 

262. 
Systems  of  artificial  filtration,  263-4,  290-300,  328  42, 

349-70,  374-81. 
Differences    between   Rivers  Pollution  Act    of   1876 

and    Mersey  and  Irwell  Act   of  1892   as    regards 

solid  matter,  265. 

Ditto        ditto        pollution  from  sewage,  266. 

Ditto        ditto        manufacturing  pollution,  267. 

Ditto        ditto        procedure,  268. 

Ditto        ditto        powers  of  inspection,  269. 
Treatment  of   sewage  by  different  methods:  precipi- 
tation alone,  precipitation  and  artificial  filtration, 

precipitation    and    land  filtration,   land    filtration 

(with  tabic),  270. 
Summary  of  action    with   regard  to  manufacturers, 

271,  382-394. 
No  organised  opposition,  272,  470-78. 
Lancashire   manufacturers    unfairly  dealt  with,  273, 

428. 
Outlay  of  manufacturers  on  purification,  274,  309-15, 

343-4,  4.30. 
Treatment  of  trade  waste,  275. 
Standards   under  Act  appear  to   be   elastic,   276-8, 

318-22. 
Practically  impossible  to  buy  land  in  towns,  279. 
Clay  land  unsuitable,  280-6,  398-403. 
Suitable  land  cannot  be  had  at  proper  levels,  287-9. 
Limit  of  impurity,  305-8. 

Plans  of    works   for  purification   of  manufacturprs 
effluent,  316. 

No  difficulty  in  compelling  local  authorities  to  take 

trade  effluents,  323-7. 
Various  kinds  of  filtering  material,  372. 
No  difficulty  with  trade  effluents  if  works   suitably 

placed.  391. 
Standard  of  "  best  practicable  means,''  421-53. 
Admission  of  trade  waste  into  sewers,  448-52. 
Approximate  areas  of  arable  land  required— direct  to 

land,  after  precipitation,  after  filtration  on  bacteria 

beds,  6578,  6747-70. 
Land  of  all  kinds  will  purify  domestic  sewage,  6579. 
Heavy  clay  will  purify  by  broad  irrigation,  65d0-3. 
Definition  of  broad  irrigation,  6581,  6752,  6767-8. 
Effect  on  area  of  6  to  8  volumes  of  etorm  water,  6584. 
Area  of  each  kind  required  for  1,000  persons,  6586. 
I^e,  sulphate  of  iron,  and  alumino-ferric  best  pre- 

cipitants,  6586. 
Size,  kind,  and  use  of  best  settling  tanks,  6587. 
Filtration  is  first  mechanical  then  biological,  6588. 
Preliminary  treatment  lessens  area  required,  6580. 
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Tatton,  R.  a. — continued. 

Raw  sewage  run  on  land  may  cause  a  nuisance,  6589. 

Solids  should  be  aeUled  in  large  tanks,  6591-5. 

Chemical  treatment  increases  the  soUds,  6599. 

Smell  in  summer  from  settling  tanks,  6600-5. 

Ashpit  refuse  improves  land,  6606-11. 

Very  hard  frost  affects  clay  land,  6612. 

Best  crop  rye  grass — ^potatoes  and  oats  should  not  be 

sown,  6614. 
Willows  keep  the  air  from  -the  soil,  6615-6. 
If  properly  managed  land  can  be  used  indefinitely, 

661&25. 
Sewage  farmers  should  be  specially  tcained,  6625-6. 
Mixture  of  trade  and  domestic  sewage   hard  to  deal 

with,  6623,  6627. 
Preliminary  precipitation  necessary,  6627. 
Suitability  of  land  to  purify  sewage,  6632. 
Underdraining  necessary  for  peat  land,  6635. 
Clay  should  not  be  underdraiined,  6638. 
Land  not  necessary  after  bacteria  beds  or  filters, 

6639. 
Bacteria  beds  give  satisfactory  effluent,  6640-8. 
Will  not  work  if  orerdosed,  6649-53. 
Storm  overflows  should  be  fixed,  6654. 
Six  times  dry  weather  flow  a  f&ir  amount,  6657-9. 

6696-706,  6793-840. 
Effect  of  surface  water  sewers,  6664-9. 
Subsoil  water  should  be  not  less  than  5  feet  deep, 

6672-0. 
Area  of  land  must  be  reckoned  for  storm  water,  6680-2. 
Solids  on  surface  of  land  cause  a  nuisance,  6666. 
Trade  effluents  should  be  settled  at  the  works,  6686- 

95. 
Septic  tank  should  be  of  24  hours'  capacity,  6707-13. 
Sludge  causes  difficulty  in  (large  tanks,  6715-29. 
Sludge  from  open  septic  tank  very  objectionable,  6730. 
Nuisance  only  occurs  during  cleaning  out,  6733. 
Covered  septic  tank  less  objectionable  ihan  open  tank, 

6740. 
Nuisance  due  to  evolution  of  gas,  6741. 
Gas  burned  at  the  tank,  674^. 
Bacteria  beds  require  efficient  supervision.   6782-8. 
Sewage  not  always  pwrified  by  land  or  filter  beds, 

6789-92. 
Area  under  sewage  extended  to  take  storm  water,  6808- 

21. 
No  advantage  in  keeping  plots  for  storm  water,  6814- 
21. 

TEMPERATURE : 

Temperature  of  bacteria  beds,  Dibdin^  2174. 

Influence  of  temperature.  Ward,  2541. 

Effect  on  bacterial  action,  Rideal,  4414. 

Nitrates  increased  by  working  at  high  temperature, 

Whtttak^r,  4842-6. 
Of  sewage  and  effluent  from  septic  tank,  FowUr,  5661* 

4;  of  tank,  t5.,  5555-62. 
Sewage,  atmosphere,  and  Dibdin  beds,  Hardingy  7061. 
Closed  and  open  septic  tanks,  ib.,  7322.* 

TESTS  : 

Amount  of  solid  matter,  Scvdder,  687-93,  630-44. 

Incubator  tests,  t6.,  594-608. 

Albuminoid  ammonia  test,  Naylm\  853-59,  892-915, 

923,  928-9. 
Comparative    value    of    albuminoid   ammonia   and 

oxygen  tests,  t6.,  891-915,  928. 
Effluent  should  be  neutral  to  litmus,  ib.,  924-6. 
Ribble  tests  not  quite  same  as  Mersey  and  Irwell, 

i6.,  928,  932. 
Albuminoid  ammonia  and  oxygen  tests,  Wilson,  1197- 

1202,  1276-82.      ' 
Oreen  vegetable  growths  or  live  fish  in  channel  good 

test.  Crimp,  1680-90. 
Sewage  fungus  better  test    than  chemical  analysis, 

ib.,  1722-55. 
Free  and  albuminoid  ammonia  in  sewage,   Adeney, 

2385-96,  2611 
Description  of  method  of  testing,  t&.,  2306. 
Ordinary   treatment   with    permanganate   of   potash 

worthless,  ib.,  2410. 
Fungus  and  green  weeds  as  a  test  of  purity.  Ward, 

2564^,  2763-80. 
Tests  of  purity  of  effluent,  Woodhead,  2931-3. 
Experiments  on  rabbits,  ib.,  2960-3. 
Incubator  more  valuable  than  chemical  analysis,  xb., 

8971. 
Tests  in  general  use,  Frankland,  3019-26,  3091-9. 
Offensive  decomposition  on  entering  river  best  test, 

*6.,  3041-2. 


Tests — contintied. 

Main  tests  relied  on,  Boscoe,  3510,  p.  203,  3568-90, 

3608-21,  3785-7. 
Oxygen-absorbed  test,  Dibdin,  3823-61. 
Incubator  not  an  absolute  test,  ib.,  3852-56. 
Samples   should    be    taken   proportionate   to   flow, 

jRideal,  4132,  4190-9. 
Processes  of  analysis,  Bideal,  4162,  4279-80. 
Fish  in  effluent  not  an  absolutely  certain  test,  t6., 

4410-12,  4481-7. 
Chemical  and  bacteriological  tests,  Houston,  5666-82. 
Gas  test  for  bacillus  ooli  and  enteritidis,  ib.,  5883. 
AlbunuLnoid  ammonoA,  Scudder,  5930-1,  5952A 
Oxygen    absorbed   from  permanganate,   ib.,    5030-6, 

5955-67,  5990. 
Incubator  test,  t&.,  5988. 
Tests  agree  witnin  broad  limits,  ib.,  6011. 
All  used  in  testing  effluents,  ib.,  6012^ 
Permanganate  test  sufficient  except  where  dilution  has 

taken  place,  ib,,  6059-62. 
Can  ibe  used  by  working  men  who  are  not  chemists, 

ib,,  6132-4. 
Bdologioal    and     pihysdological     iteeits     of     fiUboates, 

Harding,  7402»-3. 
Value  of  the  thfee  tests,  ib.,  7476-83. 
Final  test^will  effluent  putrefy?  ib.,  7484-6. 
Workman  can  use  incubator  test,  ib,,  7487. 
Ribble  Committee  prefer  albuminoid  ammonia,  Hib- 

bert,  7800-5. 
Mersey  and  Irwell  prefer  oxygen  absorbed,  ib. 
Methods  of  determining  oxygen  absorbed,  Letts,  8660- 

4. 
Permanganate  test  misleading,  ib.,  8655-65. 
Albuminoid   ammonia   more  highly   thought  of,  i5., 

8666. 
Tests  of  purity  of  effluent,  Thresh,  8945-55. 
Degree  of  oxygenation  simplest,  ib.,  8062-6. 
Value  of  the  <£fferent  tests,  ib„  8970^. 
Albuminoid  ammonia  and  oxygen  absorbed,  HiU,  9075- 

89. 
Amount  of  bacillus  coli  best  test  of  effluent,  Kleins 

9752-70.  . 

Incubator  test  of  great  value,  Frankland,  10042-3. 
Oxygen  absorbed  the  best  simple  test,  ib.,  10044. 
Value  of  bacteriological  test,  ib.,  10100-8. 
Test  for  sewage  effluent,  Vodcker,  10240. 
No  simple  test  available,  ib,,  10242-5. 
Freed^om  from  suspended  matter  and  smell  good  test 

for  effluent,  ib.,  10245. 

THAMES  POLLUTION : 

Royal  Commiasion,  1842,  Adrian,  71,  116. 

Admission    of    trade    waste    into   sewers,    ib,,  98 ; 

Tatton,  323-7,  448-52. 
Crude  sewage  discharged  into  Thames,  Thresh,  8830. 
Barking  sewage  wash^  up  by  the  tide,  ib. 
Sore  throat  prevalent  where  emanations  worst,  ib,, 

8840-6. 
Typhoid  on  banks  of  Thames,  ib,,  8847-70,  8927^96. 

THAMES  (X)NSERVANar : 

Standards  for  effluents  vary,  SiOar,  5172-7. 
Standard  of  purity  of  effluent.  Thresh,  8037-40. 

THOMSON,    THEODORE,    M.t).      (Analysis   of  his 
Evidence)  : 

Septic  tank  system  of  sewage  disposal  at  Exeter 
1376. 

Sewage  dealt  with,  1378, 1439-40. 

Description  of  the  works,  1379. 

How  purification  is  brought  about,  1380-83. 

Sort  of  effluent  obtained,  1384,  1521-25. 

No  evidence  of  nuisance  from  works,  1387. 

Micro-organisms  in  effluent,  1390, 1479-85,  1492-4. 

Effluent  needs  further  purification  before  discharge 
into  river,  1390-2,  1443-9,  1532-8. 

Storm- water  interferes  with  action  of  tank,  1391, 
1405-14. 

Disease  germs  pass  through  but  in  very  small  pro- 
portion, 1399-6,  1436,  1508-13. 

Artificial  filtration  not  dangerous  if  properly  con- 
ducted, 1399. 

Effluent  does  not  become  worse  by  keeping,  1421, 
1526, 1530. 

Analyses  of  tank  and  filter  effluent,  1427-30, 1503. 

Effluent  would  be  improved  by  further  filtration, 
1425-36,  1514-8. 

Average  stc^y  in  tank,  1450-1. 

Method  of  taking  samples  from  filters,  1461-^. 

Experiments  with  typnoid  bacillus,  1486-8, 1548-61. 

Furnace  slag  used  in  most  of  the  filters,  1515,  154S. 


INDEX. 
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a«RESH,  JOBiN  OLOtJGa.  it.D.,  j>.$c.,  to.^.tt.    t.i.c. 
(An&ljeis  of  thu  Evidence)  : 

Sewage  in  Bssex  tidal  estuaries,  883a 

Crude  sewage  discharged  into  Thames,  8839. 

Barking  sewage  waahed  up  oy  4^he  tide,  ib. 

Sore    throat    prevalent    whoie    sewage    emanatious 

worst,  8840-6. 
Typhoid  on  banks  of  Thames,  8847. 
Death  rate  ihigher  than  in  the  county,  8848. 
Prevalent  at  iBrightlingsea  ^intU  sewage  treated,  tb. 
Most  typhoid  where  most  mud  exposed,  8849. 
Case  rate  high  where  sewage  cast  on  foreshore,  ib. 
Not  due  to  water  supply,  which  is  excellent  at  South- 
end, 8851. 
Alessi's  experiments  with  regard  to  typhoid  fever,  ib. 
Death   rate  high    where  patients  exposed  to  sewage 

emanations,  8861-^. 
Connection  between  oontaminated  shellfish  and  ty^ 

phoid,  8863-70,  8027-36. 
Cockles  not  sterilised  by  steaming,  8669,  8895-903. 
Ciiide  sewage  may  be  di-schaiged   into  tidal  waters 
where  volume  of  water  greatly  exceeds  that  of  sew- 
age, 8871. 
One  per  cent,  or  less  sewage  not  dangerous,  8873-6. 
Sewage  of  Colchester  one-ha-lf  of  low   water  ^xm. 

8876-80. 
Before  1894-5  no  suspicion  that  oysters  would  convey 

typhoid,  8884-9. 
Bacterially-treated  effluents  contain  most  of  the  organ- 
isms of  raw  sewage,  8691-3,  89ID5-6. 
Kffluent  should  be  discharged  below  low  water  point 

and  far  from  shellfish  layings,  8891. 
Could  be  sterilised  by  addition  of  lime,  6907. 
Experiments  with  chK>rinated  lime,  8908-16,  8938. 
Lime  cheapest,  but  produces  a  large  amount  of  sludge, 

8917-26. 
Thames  Conservancy  standard,  6937-40. 
Difficulty  sometimes  to  account  for  outbreaks  of  ty- 
phoid, 8940-4. 
Teats  of  purity  of  effluent,  8945-56. 
Xo  bacteriological  standard  of  purity,  6946. 
Degree  of  oxygenation  simplest  test,  8962-6. 
Sewage  effluent  should  not  be  allowed  into  stream 

used  lor/ drinking,  8956. 
Effluents  almost  invariably  contain  a  large  number  of 

organisms,  8956-7. 
Non-putrescibility  should  be  the  standard  for  admis- 

sion  to  streams  not  used  for  drinking,  6958. 
GoajTse  Dibdin  beds  prefemed  to  septic  -banks,  8069-62. 
•Septic  tanks  fill  up,  8963-7. 
Better  purification  without  septic  tank,  6066. 
Coarse  coke  better  than  septic  tank,  i6. 
Value  of  the  different  tests,  6970-3. 
Oysters  and  shellfish  a  most  dangerous  medium  of 

infection,  6974-65,  69624. 
Impure  milk  supply,  8966-01. 

Bacterial  system  becoming  general  in  Essex,  8995- 
9007. 

Powers  under  the   Rivers  Pollution  Act  exercised, 

^o98-900o. 
No  indication  of  high  death  rate  due  to  pollution  of 

the  Irwell,  9008-14. 
Disposal  of  sewage  in  rural  districts,  9016-26. 
No  experience  <w  animals  suffering  from  feeding  on 

sewage  farm,  9026-7. 

TIDAL  WATERS : 

Sewage  generally  comes  toaak,  and  solids  are  deposited 

on  the  shore,  Wilson,  6362-8. 
Letting  sewage  into  sea  creates  nuisance,  Chatferton, 

6476-8. 
Discharge  into  sea  should  be  oontinnous,  ib,,  6490i 
Crude  sewage  should  not  be  discharged  into  small 

tidal  river,  ib,,  6404. 

Suspended  matter  should  be  screened  out,  ib,    6406, 
6500-1.  ' 

Treated  sewage  discharged  on  ebb  tide,  ib,,  6499. 
Thorough  treatment  necessary  w»here  effluent  passes 

near  oyster  'l>ed8,  ib.,  6602. 
Organic  matter  in  solution,  after  solids  removed,  not 

harmful  where  dilution  very  great,  t6.,  6668-76. 
Sewage  should  be  discharged  into  sea  at  extreme  low 

water  level,  Balfour,  6667-92. 
May  be  discharged  into  tidal  water  at  ebb,  ib. ,  6687-9 
Sewjige  ^uents  in  tidal  water,  Letts,  8673* 
Belfast  sewage  flaws  with  ^bb  tide  only,  ib.,  8S76-B. 
Sewage  effluents  in  tidal  waters,  Herdmcm,  8671. 
Less  dangerous  in  open  sea,  ib.,  8690. 
Views  of  the  Board  ef  Trade,  Pdham,  8766. 
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Tidal  \^ ^.Tts^—continuecU 

^e-l«wB  imder  6«a  Kiritenes  Aot»  ib.,  WtB. 
Prohibition  of  deposit  of  refuse,  Felham,  8769. 
Sewer  outfalls  on  fooreahore,  iJb. 
Complaints  regarding  pollution,  ib. 
.  Reports  regarding  experiments,  ib. 
Board  has  power  to  prevent  works  on  loieehore.  «5., 
8770-6,  8791^  8efe.  '       ' 

No  power  over  discharge  pursuant  to  general  or  local 

Act,  ib.,  8777-66. 
Or  over  local  sanibaay  authority,  ib.,  6787^,  8809-11. 
Pollution  of  tidal  waters  and  estuaries,  ib.,  8806-7. 
Board  should  have  power  over  outfalls,  ib.,  661M. 
Sewage  in  Essex  tidal  estuaries.  Thresh,  8838. 
Crude  sewage  discharged  into  Thames,  ib.,  8639. 
Barking  sewage  waehed  up  by  the  4ide,  ib. 
Crude  sewage  may  'be   discharged  whene  volume  of 

water  great,  ib.,  8871. 

One  per  cent  or  less  sewage  not  dangerous,  ib.,  8873 
5. 

Should  be  discharged  ibelow  low  water,  ib.,  8604. 

Powers  under  Rivers  Pollution  Act,  ib.,  8996.9006. 

Z^    *^^   mamifacturing  refuse  pollution,    HiR 
9029-47.  '  ' 

Chemical  refuse  should  be  carried  out  to  sea,  «6  ,  9071 

feewage  should  be  disobaiged  at  ebb  tide  only,  ib.] 

9104.  ^f        7 

Sewage  should  /be  treated  before  discharge,  ib.,  9121-6. 
See  also  Sea. 


TRADE  WASTE : 

^  oo  ^\  ^^i^^*^^^°    ^y  manufacturing  refuse,  Adrian, 
93-4,  9/. 

Admission  of  trade  waste  into  sewers,  ib.,  98 ;  Tatton 
323^7,448-452.  '  J^ai^ion, 

Action  with  regard  td  manufacturers  in  Mersey  and 
Irwell  distnct,  Tatton,  271-5,  309-16,  343-4,  382-94, 

Works  for  purification  of  trade  effluents,  tb.,  316,  391. 
.Standard  of     best  practicable  means,"  ib,,  421-53  • 

^cvdchr,  752-7  ;  Moacoe,  3670-93,  3761-70.  ' 

J^ffluents     from    various    works,  Scudder,  497-600, 

o2^. 

Local  authorities  practically  decline  to  take  trade 
effluents,  Wilson.  787-91. 

Kibble  Committee^s  agreement  with  chemical  trades 
J^aylor,  809.  w«*«». 

Paper    trades    dealt   with    separately,  tb.,   810-816, 

Dangei-s  of  pollution  decreasing,  id,,  842-5. 

Dry  processes   introduced  in  several  industries,  ib.. 

Complaints  of  differential   treatment,   ib.,   888   939- 
42.  ' 

Gdvaniser's  pickle  would  have  deleterious  effect,  ib,, 

C7o7— O, 

Conditions  of  admission  to  sewers,  Wilson,  1047-84 

1210-11,  1215,  1262,  1334. 
Pollutions    in    the     West     Hiding,     ib.,      1126-46, 

1 2SU«5— 4. 

Wa.ste  products  recovered    from    refuse,    ib,,    1160, 

Trades  should  be  uniformly  dealt  with,  ib,,  1259-61. 
Disposal  of  manufacturing  refuse,  ib.,  1288-90. 
Combined  action    of    manufacturers    desirable,    ib. 
1301-5.  * 

Distillers  desirous  of  disposing  of  waste,    Curphey, 


1812. 

Bacterial  treatment  of  sewage  containing  manu- 
facturing refuse,  Dibdin,  p.  127. 

Mersey  and  Irwell  method  of  dealing  with  manu- 
facturers' effluents,  Roscoe,  3554-62. 

A.  B.  C.  system  capable  of  dealing  with  trade 
effluents,  SiOar,  5202^. 

Analyses  of  domestic  and  trade  «ewage,  Wilson^  6307- 
16. 

Trade  waste  can  be  dealt  with  by  land  unless  when 
antiseptic  to  the  purifying  germs  or  injurious  to 
vegetation,  ib.,  6319. 

Such  refuse  would  also  interfere  with  artificial  filtrm- 
tion,  tb.,  6320. 

Manufacturers  should  settle  the  solids  before  tanunir 

effluent  into  sewer,  i6.,  6321-7. 
Settlement  profitable  in  coal,    paper,    and  wooIImi 

trades,  i6.,  6326-30. 
Maoiufacturers  should  combine  to  set  up  prelixniBin^ 

purification  works,  ib.,  6331-4,  6337-62. 
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Trade  Waste — continued,  . 
FellmoBgow'  ^ffiueoi  ibMb  tiMted  by  l«ad  after  aedi. 

mentaiioxL  id.,  (SSM. 
Brewery  refuse  causes   nuisance   on    land,     ntUon, 

6354-62;  requires   previous  chemical  precipitation, 

lb,,  6363  ;  or  artifical  filtration,  ib,,  6370-4. 
Brewery     refuse    should    be    tveated    at    brewery, 

ChatteHon,  6066,  6617-20. 
Is  an  intoleraible  nuisance,  «&.,  6617. 
Should  be  treated  with  lime  and  sludge  pressed,  «&., 

6681. 
Mijcture  of  trade  and  domestic  sewage  hard  to  deal 

with,  TaUon,  6683,  6627. 
Preliminssy  piSseipitotion  necessary,  f5.,  66fi7. 
Effluents  should  be  settled  at  the  works,  46.,  6686-06. 
Should    be    treated   apurt    frtmi    domestic    sewage, 

Balfour,  6007. 
Manufacturers     should     settle     solids    at     works, 

Harding,  7060. 
Manufacturers  treat  their  liquids  by    catch   pits  or 

gmtiJags,  MiMobey,  6054-62. 
Taken  into  the  sewers  in  Mancdiiester,  F<nder,  8612. 
Effects  of  effluents  upon  fish,  Pdham,  p.  464. 
Manufacturing  refuse  in  tidal  waters,  HiU,  0029-47. 
(%emieal  refuse  should  be  carried  out  to  sea,  t5., 

9071. 
Relief  from  nuisance  under  lAIkali  Act,  ib.y  0100-12. 
Dangerous    to     human    beings    and    fatal    to   fish, 

WHUams,  0610,  0668^. 
Sh<yuld  not  be  discharged  into  rivers,  «5.,  0638-54. 
Iron  liquor  should  be  evaporated,  ib. ,  9844-52,  9660-3. 
Proper  plant  provided  now,  ib. ,  9686-901. 
Should  <be  kept  out  of  sewers  or  discharged  uniformly, 

Frankland,  10047,  10096^. 
Gives  great  difficul*^  on  land,  VodckeTf  10231. 
Should  be  carefully  precipitated,  «&.,  10232. 
Difficulty  in  tank  accommodation,  ib,,  10234-6. 
Should  be  dealt  with  on  tibe  spot,  ib.,  10236,  10247-54. 

TYPHOID  : 

Experiments  with  typhoid  bacillus,  l^honison,  1486-88, 

1548-61 ;  Camorm,  2123. 
Where  communicated  by  oysters  due  to  crude  sewagei 

Herdman,  8746. 
Typhoid  on  banks  of  Thames,  Thresh,  6847. 
Death  rate  higher  than  in  the  county,  i&.,  8848. 
Prevalent  at  BrightHngsea  until  sewaffe  treated,  ib. 
Most  typhoid  where  xaost  mud  exposed,  t&.,  8840. 
Case  rate  high  where  sewage  cast  on  foreshore,  i6. 
Not  doe  to  water  supply  »t  Southend,  ib,,  8861. 
Alessi's  experiments  with  ityphoid  fever,  ib. 
Death  rate  iiigh  where  exposed  to  sewage  emanations, 

ib,,  8861-62. 
Connection  between  contaminated  shellfish  and   ty- 
phoid, ib,,  8863-70,  8027-36. 
Before  1804-6  no  suspicion  that  oysters  would  convey 

typhdd,  ib,,  6864-0. 
Difficult  sometimes  to  account  for  outbreaks,  ib. ,  8040- 

4. 
Bacillus  demonstrated  in  sewage,  Kkin,  0613. 
Oysters,  mussels,  and  cockles  carry  infection,  ib. 
Experiments  with  typhoid  baccili,  ib.,  0631-46,  0667. 
Recurrent  in  village  near  polluted  river,    WiUiams. 

0864-6,  0010-6. 

ULVA  LATISSIMA: 

Nuisance  in  Belfast  Lough,  Letts,  8574-640. 
Occurrence  in  polluted  sea  water,  ib.,  QS7^. 
Nuisance  in  Pobin  Hood  Bay,  Hill,  0123-5. 

VOELCKER,  DR  JOHN  AUGUSTUS.     (Analysis  of 
his  Evidence.) 

Sewage  farms  inspected  at  various  places,  10166. 
Land  necessary    in  addition    to  artificial    filtration, 

10160. 
Views  on  the  profitable  disposal  of  sewage,  10163-4. 
Cattle  injured  by  drinking  contaminated  water,  10165- 

6,  10222. 
Farmer   should  be  expert,   except  in  rural  districts, 

10160-72,  10227-30. 
Suitability  of  various  soils,  10173,  10210-7. 
Success  depends  upon  good  management,  10174-6. 
SuitaUe  land   at  reasonable    cost  preferred  to    other 

methods,  10177-88. 
Cereals  can  be  grown  where  land  plentiful,  10187-03. 
Lime  sometimes  useful  to  soil,  10104-5 
Disposal  of  night  soil  in  India,  10163-4,   10106-200, 

10207-8. 
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VoBLCKBB,  DsL  JoHN  AUGUSTUS— con^tmitfcL 

Garden  system  not  likely  to  be  generally  adoptsd, 

10201-6. 
Heavy  clay  soils  i^ould  not  be  underdxained,  10815. 
Sludge  dug  into  the  land  at  Binningham,  10220-1. 
Anthrax  not  peculiar  to  sewage  farms,  10S^5-6. 
Farms  should  not  be  let,  10230. 
Manufacturing  refuse  gives  great  difficulty,  10231. 
Should  be  carofully  precipitated,  10232. 
Difficulty  in  tank  acoommodatiQn,  10234-6. 
Should  be  dealt  with  on  the  spot,  10236,  10247-54. 
Test  for  sewage  effluent,  10240. 
Ko  simple  test  available,  10242^. 
Freedom  from  suspended  matter  and  smell  good  test 

for  effluent,  10245. 

WARD,   H.  MARSHALL,  f.b.8.,  d.8C.    (Analysis  of 
ms  Evidence) : 

Composition  of  sewage,  2533. 
Destruction  of  its  constituent  materials,  2534. 
Fungi  and  bacteria  as  destructive  agents,  2535. 
Modes  of  life  and  action  of  such  agents,  2536. 
Organisms  in  rivers  and  in  sewage,  2537. 
Destructive  action  of  such  organisms,  2538. 
Putrefaction  and  fermentation  similar  processes,  2539 

2548-50. 
Decomposition  of  manure,  2540. 
Influence  of  aeration  and  temperature,  2541. 
Aerobic  and  anaerobic  forms,  2542. 
Destruction   of  paper  and  icellulose,    2543,   2611-17, 

2675-81,  2708-15. 
Definition  of  8}rinbiosis,  2544. 
Complex  fermentations  in  seii^age,  2545. 
Destruction    of    fatty    matter    in  domestic  sewage, 

2546. 
Effect  of  mixture  of  mineral  substances,  2547,  2551, 

2685. 
Aerobic  and  anaerobic  fermentation,  2548-50,  2566- 

2645,  2680-85,  2688-93,  2704-7,  2757-62,  2781-92. 
Sewage  fungus,  2552-63. 
Fungus  and  green  weeds  as  a  sign  of  purity,  2564-5, 

2763-80. 
Pathogenic  character  of  bacteria,  2646-71,  2716-56. 
Formation  of  ammonia  in  sewage,  2672. 
Storm    water  would  interfere   with   action  of  filter 

2696-7. 
Limits  of  dilution  possible,  2699-2703. 

WATER  CLOSETS : 
Introduced  in  1810,  Adrian,  10. 

WATERSHED : 

Should  be  dealt  with  as  a  whole,  Adi'tan,  123-143 ; 

Frankland,  3008-20. 
Treatment  should  be  uniform,  Scudder,  734-57. 
Works  of  several  districts  could  be  combined  with 

advantage,  Wilson,  1122-3,  1195. 

W^ATERSHED  AUTHORITIES: 

Great  improvement  made    since  '  establishment    of 

Rivers  IBoard,  WHstm,  1173-a 
Formation  of  Kibble  Committee  a  wise  step,  Hibberi, 

7882-7. 
Condition   of  Lancashire   Rivers   imorovied  through 

action  of  the  Boards,  ib.,  7686,  780S.O0O. 
Rivers'  cosmmittees  ehould  'be  compulsory,  7868. 
Should 'work  to  same  standaid,  ib.,  7880. 
Present  standazd  dioold  be  adopted,  ib.,  78904. 
More  joint  schemes  desirable,   nidiams,  0826,  9833. 

WATER  SUPPLY: 

Contamination  of  well  water  through  land  treatment, 

Adeney,  2&18-20,  2527-30. 
Effluent  should  not  be  sent  into  strefeuns  used  for 

water  supply,  Woodhead,  2987-8  ;  Thresh,  8956. 
Dilution   and  sand  filtration    necessary  to  render 

effluent  fit  for  drinking,  FranMand,  3043-8. 
Special  precautions  when  stream  used  for  drinking 

pnrpoees,  Barwise,  404L 
Standard  for  effluent   going  into   drinking   streams, 

Hill,  0101-7. 
Effluent  from    bacterial    treatment    dangerous,    ib., 

9118-20. 
Effluent  passing  into  drinking  stream  should  be  steri- 
lised, Frankrand,  10110. 
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WEAR,   RIVER: 

.     Condition  of  the  river,  fliii,  9030-47. 

Nuisance  lowers  vitality  of  people  living  near  it,  i&., 

9030. 
Serioyslj  prejudicial  to  fish  lifet  ib» 
Nausea  from  sulphuretted  hydrogen,  ib.,  9031-6. 
Sewage  not  treated,  discharged  at  all  tides,  ib,^  9037- 

40. 
Fisherr  Board's  complaints  of  pollution,  ib.,  9041-7, 

90S5. 
Relief  from  nuisance  under  Alkali  Act,  ib,,  9109-12. 

WEST  BROMWICH : 

Bacterial  treatment  of  sewage  containing  manufac- 
turing refuse,  DiMin^  p.  129. 

WHITTAKER,  C.  J.     (Analysis  of  his  Evidence)  : 

Accrington,  &c.  Sewage  Works,  4749. 
Description  of  system,  4749*-5%5. 
Chemical  materials  used,  4750,  4773-7,  4839-95. 
De8crii>tion  of  the  various  filters,  4750. 
.  Result  in  quality  of  efiluent,  4751,  4778. 
Rate  of  working  per  yard,  4755,  4763,  4824. 
Sprinkling  process,  4756-72. 

Cnange  from  upward  to  downward  filtration,  4764-8. 
Temperature  kept  up  by  steam,  4772,  4822-3,  4850-2. 
Anaerobic  action  of  settling  tanks,  4783-4,  4800. 
Flow  through  tank  continuous,  4785-8. 
Sludge  seems  to  be  broken  up,  4789-98,  4810-3. 
Oases  in  settling  tank,  4802-8. 
No  appreciable  loss  of  capacity  through  user,  4816- 

21. 
Storm  water  passes  through  tanks,  4826. 
Amount  of  tiaid  filter  will  pass,  4830-41,  4848. 
Nitrates  increased  by  working  at  high  temperature, 

4842-6,  49()1. 
Cost  of  heating,  4853-6. 
Cost  of  sewui(e  w^orks,  4857-60,  4889-96. 
Size  more   important  than  nature   of   filtering  ma- 
terial, 4861-5. 
Coke  practically   clean    after  eight   months'   work, 

4866-77. 
Suspended  matter  in  filtrate,  4877-88,  4896-8. 
No  difficulty  with  trade  reSfuse,  4907-16. 
Water  capacity  of  filters,  4917-25. 
Composition  of  gas  from  middle  of  filter,  4926-40. 
Area  of  filter  compared  with  Dibdin's.  4941-3. 
Wet  and  dry  weatner  sewage  should  oe  collected  and 
run  through  together,  4948-56. 

Accrington  sewage  is  purely  domestic,*  6689-99. 

Treated  in  open  eeptic  tanks  followed  by  contiaaous 
filtration,   S700-1,  S767. 

Tanks  worked  in  series,  5704-7. 

System  facilitates  removal  of  sludge,  5706-12. 

Also  less  solids  in  suspension,  6713. 

Strength  of  sewage,  and  suspended  solids,  8714-22. 

Purification  obtained  in  tank  effluent,  5722^-30. 

Eight  feet  d^pth  of  tank  answers  well-^six  feet  too 
shallow,  5731-41. 

Sludge  not  digested  in  tank,  5742-50. 

Only  prepared  for  aerated  filter,  6752-5,  8797-65. 

Oxygen  absorbed  equal  to  gas  generated,  5761,  5766. 

Fresh  «ewage   cannot  be   treated  by   aevated   filters, 

W65-6. 
Sludge  easier  dried  than  from  septic  tadk,  8757. 

Description  of  the  coke  filters,  6767-77. 
Advantages  of  the  puli^ometer,  8774-77. 

Cost  of  works,  5778-63. 

Steam  in  addition  to  pulsometer  unnecessary,  8784. 
Filters  woik  well  without  remaking,  8785-90. 

Purification  obtained  by  use  of  filters,  5791-8 ;  on  the 
raw  sewage,  5799-5806. 

Settlement  necessary  after  filtration,  5807-10. 


WILLIAMS,    W.,   M.A.,  M.D.,  p.p.H.  (Oxon),  m.b.c.s., 
F.C.8.,  etc.    (Analysis  of  his  Evidence.) 

General  conclusions  on  sewage  treatment,  9619. 
Manufacturing  refuse  dangerotis  to  humafn  beings  and 

fatal  to  fish,  i5.,  9868-9. 
Glamorgan  sewage  farms  not  properly  looked  after, 

9820,  9917-24. 
Especially  where  farms  let,  9821. 
No  Bivers  Board  in  Glamorgan,  9822. 
Rhondda  and  Pontypridd  joint  sewage  scheme  works 

admirably,  ib. 
Sewage  carried  into  ti^e  sea,  9623-6. 

1213. 


WiLUAftis,  W,.—conttHued. 

More  joint  schemes  desirable,  9626,  9633. 

No  authoritative  opinion  regarding  biological  methods,. 

9826-7. 
Sewage  disposal   at  a  standstill   for  want  of  land. 

9827-31,  9865,  9872. 
Sewage  discharge  into  the  rivers,  9628-37. 
Combination     under   Public    Health   Act  desirable^ 

9833-4. 
Cardiff  scheme  for  discharge  into  the  sea,  9638. 
Manufacturing  refuse  should  not  be  discharged  inta 

rivers,  9838-54. 
Iron  liquor  should  be  evaporated,  9844^,  9660-3. 
No   putrefactive  effluent  should  go  iyto  the  stream, 

96&. 
Pollution  stopped  on  visit  of  inspector,  9856-9>  9899* 

901. 
t^rphoid    recurrent  in  village   near  polluted  river,, 

9864^,  9910  6. 
Garden  treatment  in  the  Yale  of  Gdamorgan,  9673-4. 
Good  many  wells  polluted,  9875-92. 
Not  much  difficulty  with  slop  water.  9878^ 
Cesspools  successfully  done  away  withi,  9679. 
No  objection  to  pits  above  ground,  9680-92. 
Health  li^boratories  should  l^  established,  9693-7. 
Proper  plant  provided  by  manufacturers  now,  9696- 

901. 
Storm  water  enormous  at  times,  9902. 
Crude  sewage  in  river  dangerous  to  animals,  9903*9. 


WILSON,  H.   MACLEAN,  m.d.,   b.8c.  (Analysis  of 
his  Evidence) : 

West  Riding  of  Yorkshire  Rivers  Board,  996.. 
Description  of    rivers  within  jurisdiction  of  Boards 

996-8. 
Work  done  in  the  Riding,  1003. 
Clay  land  almost  useless,  1004-5. 
Works  better  when  dug  up  and  burnt,  1006. 
Results    of    land    filtration  satisfactory  when  land 

suitable,  101.3. 
Better  than  artificial  filtration  on  an  average,  1014- 

6. 
Mismanaged  se^^age  farms  near  towns  very  injurious,. 

1019-20. 
Danger  to  catths  grazing  on  sewage  farms,  1021-8. 
Difficult  to  get  suitable  land,  1029-30. 
Chemical  precipitation  and  artificial  filtration    used 

when  land  unobtainable,  1031-45. 
Difiiculties  in  disposal  of  sewage,  1046.  . 
Conditions  of  admission  of  trade  effluents  to  sewers,. 

1047-1084,1210-1.1216,1262,1334.    . 
Many    sewage    works    quite     inefficient,    1085-1 104* 

1216. 
And  often  grossly  mismanaged,  1091-8,  1253-5,  1291,. 

1312-42. 
Great  difficulty  in  disposal  of  sludge,  1105-18,  1327- 

33. 
Rivers  Board  should  be  made  aware  of  sewage  dis- 
posal    schemes   before    enquiries    held,    1119-21,. 

1256-8. 
Sewage  works  of  several  districts  could  be  combined 

with  advantage,  1122-3,  1195. 
Rivers  Board's   method  of  dealing   with    offenders,. 

1124. 
Trade  iwUutions  in  the  Riding,  1125-45,  1203^. 
Ochre  water  from  mines  exempted  by  the  Act,  1146- 

9,  1272. 
Waste   products  recovered  from  trade  refuse,   1150, 

1298-1300. 
Sludge  from  trade  refuse  worse  than  from  domestic 

sewage,  1151-9. 
No  general  standard  of  purity  can  be   fixed,    1160,, 

1196,  1306-11. 
Leeds'  experiments    in    filtering,    1161-72,    1225-35,. 

1248-52,  1364-71. 
Great  improvement    made   since    establishment    of 

Board,  1173-8. 
Broad    iiTigation    not    always    best    for  sewage   of 

manufacturing  town.  1179-94,  1209,  1342. 
Limits  of  impurity  in  Mersey,  &c.,  district,  1197. 
Albuminoid  ammonia  and  oxygen  tests,    1197-1202,. 

1276-82. 
Filtration  should  be  adopted  at  all  manufactories^ 

1212. 
Chemical  precipitation  and  J^rtificial  filtration  usually 

give  good  results,  1217-24,  1343-4. 
Analyses  in  connection  with  biological  experiments,. 

12.36-44. 
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ROYAL  COMMISSION  ON  SEWAGE   DISPOSAL : 


Wilson,  H.  Maclean— con^wieec/. 

Trades  phould  be  uniformly  dealt  with,  1^59-^1. 
Effect  of  river  pollution  on  health,  1263-8. 
Solid  refuse  iX)Ilution  from  sludge,  12B9-71,  12741 
Bivers  Pollution  Acts  need  revision,!  27.5. 
Effect  of  bacteria  on  efficiency  of  filters,  1283-1287, 
..        1318-7,  1345-54. 

Disposal  of  manufacturing  refuse,  1288-90. 
Fermentation  of  organic  sludge,  1291-7. 
I    Combined  action  of  manufacturers  desirable,  1301-5. 
Clay  land  unsuitable  for  sewage  disposal,  1320-3. 
8torm    overflows  should,  not    act  until  volume    of 

«ewa^  seven  times  average  flow,  1324-6. 
Inspection  by  the  Local  Grovemment  Board  would 

secure  that  schemes  sanctioned   were  carried  out, 

1365-1363. 
$ome  kinds  •orf  l«nd  quite    unsuited    for    purifying 

sewage,  6136,  6l66. 
Jlrea  required  of  clay  land  is  enormous,  61j36. 
Very  hard  clay  scarcely  purifies  at  all,  6137. 
Morley  farm  so  unsuita3)le  thai  artificial  filters  are 

to  he  put  in,  6138. 
IVould  not  purify  even  after  chemical  precipitation, 

61» 
8oil  could  'be  iinproved  by  digging  out,  burning,  or 

mixing  with  cinders,  6140. 
Area,  36  acres  for  3,000,000  gallons  a  day,  6141. 
Land  At  Ossett  cost  £140  an  acre  for  burning  and 

replacing,  6142-6. 
Hesult  'bad,   land  relapsing    to    original    condition, 

6147. 
Sewage  highly  acid  in  reaction,  6148. 
Effect  of  the  land  treatment  consequently  very  slight, 

6140. 
Land  turned  into  artificial  filter  or  bacteria  bed  often 

does  well,  6150-6. 
Land  at  Ossett  (began  to  revert  in  about  two  vears, 

6157. 
"Makes  great  difference  if  'ballast  well  burned,  6159-60. 
"Suitability  of  soil  depends  upon  its  porosity,  61^-70. 
Talue  of  gravelly  soil  depends  upon  the  drainage, 

6171. 
'Sufbsoil  ^ould  Ibe  underdrained  at  least  3ft.,  6172-4. 
^Difference  between  broad  irrigation  and  intermittent 

filtration,  6179-87. 
Difference  .'between  intermittent  and  artificial  filtra- 
tion only  in  material,  6188-9. 
!New  main  outfall  sewers  take  six  times  the  normal 

flow,  6190-6,  6410-8. 
"SewAge  and  storm  water  have  to  be  treated  up  to  six 

times  normal,  6196-7. 
Storm  overflows  frequently  act  after  slight  rain.  6199. 
Provided  on  most  farms  and  on  branch  sewers,  6200-2. 
Becord  of  times  and  extent  of  overflow  should  be 

kept,  6206-9. 
Storm  overflow  usually  a  polluting  liquid,  6210-6. 
Overflows  formerly  placed  at  any  desired  level,  6217-8. 
Passed  into  stream  to  save  expense,  6219-20,  6228, 

62354,  6254. 
Pirst     water   from   streets    of   l<arge    towns   usually 

grossly  polluted,  6226-31. 
Surface   water  from   rural    roads   not  so   polluting, 

6232-4. 
Mixed  storm  water  and  sewage  should  be  dealt  with 

as  sewage,  6236. 
Storm  water  should  be  treated  separately,  6236-44. 
Pollution  lasts  a  consideralble  time  after  rain,  6246. 
Six  volumes  a  reasonable  figure  for  action  of  storm 

overflows  ;  should  be  as  high  9»  possible,  6246-54. 
T'rost  does  not  seem  to  affect  land  purification,  6256. 
Cropping  the  land  tends  to  renew    it    even   when 

sewage  sick,  6256i 
Oats  a  (bad  crop  as  flow  has  to  tbe  stopped,  6257 ; 

should  not  'be  grow^  on  sewage  farm,  6260. 
Byegrass,     mangolds,     turnips,    and    cabbages,    are 

better  as  flow  continuous  until  crop  ready  for  re- 
moval, 6258,  6276. 
Potatoes  or  oats  should  not  be  put  on  except  to  rest 

sewage  sick  land,  62604. 
Willows  do  very  well  on  sewage  farms.  6266-6. 
Growth  of  suitable  crops  facilitates  treatment,  6867-8. 
Attention   should   be  directed   to  treatment  of   the 

sewage  sather  than  profitable  cropping,  6269-72. 
Sewage  farmers  usually  healthy,  6273. 
Cattle  fed  on  farm  produce  are  healthy,  6274-85. 
Only  danger  is  drinking  polluted  water,  6282-300. 
'N'o  nuisance  from  well-managed  farm,  ^01-2. 
Nui nance  is  due  to  solids  decomposing  on  the  surface, 

6303-6;  mixture  with  trade  refuse.  6353-74;   and 

putrefaction  in  the  settling  tanks.  6364-8. 


WnjiON,  H,  MxchExs-  continue  J,  ^ 

Analysis  of  dorndstic  -sewage  land  sewage  miked  wiih 

'■    trade  refuse,  6307-18. 

Trade  refuse  can  be  dealt  with  by  land  unlesa  where 
antiseptic  to  the  purifying  germs  or'  injurious  to 
vegetation,  6319. 

Such  refuse  would  also  interfere  with  artificial  filtra- 
tion, 6320. 

Manufiicturers  •should  be  compelled  to'  toughlv  settle 
solids  before  turning  effluent  into  sewer,  62121-7. 

Settlement  profitable  in  coal,  paper,  and  woollen 
trades,  6328-30. 

Manufacturers  should  combine  to  set  up  trade  refuse 
preliminary  purification  works,  6331-4,  6337-52.  ' 

Fellmongers'  effluent  best  treated  by  land  after  sedi- 
mentation, 6335-6. 

Brewery  refuse  causes  nuisance  on  land,  6354-62  ;  re- 
quires previous  chemical  precipitation  to  ffive  good 
^uent,  6363 ;  or  arti/ficial  filtration,  6370-4. 

Good  management  essential  to  success  of  sewage  farms, 
6376-7. 

Biological  filters  get  clogged  up  if  mismanaged,  6378- 
81. 

Sewage  discharged  into  the  sea  generally  comes  l)ack. 
and  solids  are  deposited  on  the  shore,  6382-8. 

Artificial  filtration  gives  good  effluent,  6389-02. 

Continuous  filtration  by  Whittaker's  apparatus  an 
utter  failure  at  Morley,  6393-403. 

•Filtration  following  chemical  treatment  not  effective 
at  Bradford  at  times,  6404-9. 


WILSON,    WILLIAM    HENRY     {Analysis    of    his 
Evidence) : 

Mersey   and   Irwell    watershed — general    statement, 

769. 
Mersey  and  Irwell  Joint  Committee  Act,  1892,  t^. 
Local  authorities  prosecuted,  tb. 
Manufacturers  prosecuted,  ib. 
Rivers  Pollution   Prevention  Act,  1876,  proceedings 

against  local  authorities  and  manufacturers,  id. 
Ribole  Joint  Committee,  ditto,  ib. 
Standards  of  purity,  ib. 
Artificial  treatment,  ib. 
Precipitation  and  artificial  filtration,  i^. 
Land  filtration,  ib, 
Massachusetts  experiments,  ib, 
Peebles  v..  Oswaldtwistle    Urban  District   Council 

770-4,  795-8. 
Manufacturers  use   best    practicable   and    available 

means  of  purification,  775-86. 
Local   authorities  practically  decline  to  take  trade 

effluents,  787-91. 
Land  purchased   for   irrigation   uses  should  not  Ik* 

sub-let,  792^. 


W0LLH12IM,  mJGO.    (Analysis  of  his  Evidence.) 

"  Amines  **  process,  description,  5207-14. 
Experiments  at  Salfoid,  5215-21,  5245-8. 
Sterilisation  by  lime  and  herring  brine,  5222-38. 


WOLVERHAMPTON  : 

Sewage  disposal  works,  GarJUld^  3047-8. 


WOODHEAD,  Dr.  GER^IAN   SIMS     (Analysis    of 
his  evidence) : 

Work  of  bacteriological  filter  beds,  2795. 

Part  played  by  bacteria  in  the  work  2797. 

Work  done  by  anaerobic  and  aerobic  organisms,  2797- 

2812,  2823-40,  2927-30,  2«Mr^9. 
Description  of  various  filters,  2813-7. 
8i)ecial  advantages  of  biological  filter,  2818,  2821. 
Solution  of  organic  sludge,  2819. 
Application  to  trade  refuse,  2820,  2988-7. 
Sewage  on  farm    should    first    be    passed    through 

biological  filter,  2821-2. 
]Sf echunical  filters  useless  for  sewage,  28^1-5. 
Time  of  passing  through  filter,  2848-51. 
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WooBHEAD,  Dr.  Gerhaii  Sims,    (Analysis  of  his  Evi- 
dence)— contin/wed. 

Bacteriological    examination    of    final    effluent  and 

interior  of  filter,  2852-69,  2898-914,  2922-^,  2979- 

82. 
Nitrifying  process,  2870-87. 
Destruction  of  cellulose  in  sewage,  2888-97. 
Analysis  of  sewage  gas,  2918-21. 
Septic  chamber  a  great  advantage,  2930. 
Tests  of  purity  of  effluent,  2931-3. 
Double  filtration  compared  with  filtration   preceded 

by  septic  tank,  2934-49. 
Micro-organisms  in  sewage  and  effluent^  2960-65. 
fbcperiments  on  rabbits,  <Sz;c..  with  effluent,  2960-3. 
Incubator  test  more  valuable  than  chemical  analyses, 

2971. 
Effluent   should   not  be   sent  into  stream  used  for 

water  supply,  2987-8. 
Artificial  filtration  better  than  land,  2989-95. 
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Many  sewage  works  quite  inefficient,    Wilnny  1086- 

1104,  1216. 
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1291,  1312-42. 
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